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track using the ATLAS detector at LHC
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LHC kg% a7z ATLAS « CMS MERRIC X D b v Z 2R F0F R S, BR - OEHEREG 2
FETIR IR THAINSL, L L, BHEHETIRFHTE L LERES, HmoAHRI D
5. BEHEPG 2 2 2 VMRS ERICH 5 L 3EFETH B,

TEHERRG 2 0 2 2 BER & U CENFREBER I3 ICE I Th 5, BNTEFG O~ T, B4 2l
BREZ o, MEDEBELL Yy V2K TOHEBRDP S, ZOHFINZ87 A =212l L WHIR2M
WTWw5, INHDOBREBOHRTH, V4 — /RO ARD I LEEZTET S AMSB #ALIL, BEfFOD
F o OHIREME T2, BHEEMTH L, ZOFEBTIE, BRI NLF v —2 = BEFH
(~0.2 nsec) &7 DIRHIEH TR T 2 720, IHRIRBBBN S N2,

INETHIFLF —IIHEBER CHARBRR M b T E 7225, M\ track 2 FHEHR 3 % K#E
S5, BHINTFET 287 X—FFHICN LT, BEB I Thirol, APFFTIE, ELRI X
VX —DHIAREND 13 TeV 1T L 72 LHC M##R 2 v T, WEMRSBZHERT 2, Fic, HiL<E
A SR SR 2 T L, JER ISR 2 fRAT IS\ 2 L TRE R ERE W,

2012 F E TOMHRMPFHER TITONTE L FIELFAKROTIE, BXOH L CEAL W2
2 FiEo 20 THR 2 #R L, IR TP S s Background & MEPE SR %
57, AMSB BRI 2l & L TR RS 200 GeV 12kt L CTH A 0.13 nsec, E A 400 GeV
WX L CHEMDY0.68 nsec DF ¥ ——/ % 95% CL TIHEAIL 7=,
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1.1 FRAUFOEERBEZDRR

Z DT E MK T 2 R/MEREA I BRL T E RN S, BIERM I3 7 4 — 7L 7 v LR
25bDTHDEHEZLNTED, TN Ok 10i#E) % Gtk § 2 Mm% 1970 FRUCIFHEL L 72, Z
O P (IEHERTY (Standard Model) &I, ZDIRELSHIEICES $ T, HoWHFEFICL -
THGEEDMTO N T E 7208, BEMERDO TS T2 REDORFNF A TH o7t v 7 ARF53 2012 H I
LHC finy#gs % H\v> 72 ATLAS - CMS MjFERIC X o> THR I 2 & T, BRI FZERINIC b 52K
Itz LI,

WEDOMEINFERZ IR0 LT 5% { OFERFIE PG SHT 2 EHERGRCTH 223, Bilgh - FBR
DM 5, 2\ b dH 5,

1.1.1 Naturalness &BEBMERIRE

Ey P2RFIZAE Y0 DERFTH 2D, ZDOXI)BRNFOEEZNGEIT 2 X H =X L0375
VO, naive ICEy F 2R T OEEZHE T2 E. by TR FOEHNHIED 720, OB R myge 1SR
LT, B NBEE meps X

mibs = m? A% 4 - (1.1)

bare —

DEIITKD, TTTAF cut-of DA —)LTH Y| FHEHEIIRD VOZENVFXF A7 — 1D |k
BRERT, RIS 7T v 7 A7 =)L (101 GeV) £ THRD ZoTwb L9325 L, ATLAS 5
BricH ooty FARTFOBEE 125 GeV ZFHT 21213, m2, £ A? OIC 34 #i b OGRS
DL 72, D7 A=Y HEOWMFEDMEIR?Z LT 2 DA (natural) THW2D, A LD
DD ERICH D EEZ LN TV S,

Fro, FAROMELE LT, AT —NVET IV I RT—E0) 2DODRELFENT R — L3
BEGHET2Oh V- LELH 5,

1.1.2 HDOXHE—

BHERIGE IS O(1) x SU(2) x SU(3) D7 —YHEwTH . ZNZNDREAER (g) 13\ ITHIN 72
iz s, Lo L, S0Pz % 2, HRONIE—2D—k il o3HTE 2 X9
KB 2RETHD, COXIICHEBED T A= DD LDIEAE L %50,



B1E

Flo, VT LT 3= DEMIZ e = 3eq DL HIT, IEMEICHEL WiEZ D, BHEMERO P
AT, V7Y ET 4= DBEMIBGITHN 2T A—=FTH D720, DL 2iEMERBIRA
Zim 7z SRR v, TOZEIE, XD EROYHEGREZZEA R 4 — 27 L LT UhsiR—IY
WA B EERBLTVD,

1.13 =935 —

=2y —l3, L DFEFRHERICLD, ZOFEREFEZLDELR>TWDS, D> S5b1r>T
WAV —r ¥ —DWHEIZ

o EBWAMALEH - WM AMEHZ L
o ZIE
o FEAHN RN 72 UL 2 D

Th 53, HHEMEROPELA T I NS OEM 27 TR A 3R . o D OIRRBNETDH 5,

1.2 BXIREIRE

PLED X9 ICBEHERERICIZ S C DRI S KD %, TNODREZMRT 2 TFEREL TURbHENL
B 2SR (Supersymmetry) T H %, #EATREHGRTIE, KXY Y &7 2V S 4 VDD
Wbk (X)) Z2IKET 2, ZORPMEFAEVICBETARMETH D, SETICAIGN TV E
DAFELE SR L HDTH S,

AR R T lE, BEHER DL O RKEZERT 5,

1. Naturalness & BEEMERIRE « WFRMEIC X > TIRSHIEDOXDZEE I 41, 2 RIEHDS log FEHKIZ
%b, 1T TV IR =D OBIHAT — NV EEEHEIEIC X > THRICET S,

2. HORK— : BNMEHGRI TS T2 TFOFLG2EET 5 L. MAERD running D
AL, 1HTED £ 12k (11.2).

3. == —: Za—FI7V—/ (BLXOII7ET4—/)I3F =0~ —DRVEHIL & 5,

O PR R E. BRERGG ORISR L T, 2R E R HR TR PET S (K 1.1), ZDHkL
?ﬂ\@ﬁ@%@ﬂ—F%—M?&XEVﬁHﬁLﬂﬁﬁb\@@ﬁgﬁé(ﬁUfﬁéo

PR IS EEREROR L MU HEZF o720, HREL 2 U OHR 1. §l ZIFERD 511keV
DAN T —KTBEET HETTHED, Z2OL) BRTIRIERICLDBEINTHS, 2D
HRNFEENTE D, FIRTOERED ZOWNOMETHES k> TWVwELEEZS, ﬁﬂﬁ@ﬁ?@
BRI A 2 FEED SHIRBMIT s iTwvn 3

1.3 SRERD S OBMIEE RN DHIR

FRHEBR O BEGE & VAT L CHEXNEBER OBGEE T T E 7203, RIEXRER 133 R 31
Tz, BIE, FEUC X o THEMNRERGR TIF S 587 X — FHIRICR & 42 flRSFHE 5T
W3,



1.3 Fh o ORNERLGE~ D HIl R

60 F T T T T T T T T T T T T T T T T E
E () S 3
50F \_\5\ ,:’:-f-_;
Standard particles SUSY particles 40 E— S - ::x‘::‘:-’:: N E
FSU@) ' > T
o 30F—= - k
d ( é - é
AR A 20F e 3
3 . E ]
Squarks .) Steptons @ SUmS:':‘oe 1 0;_ SU(S) _é
X 1.1: BIHERIR ORI T & A PR T, 4 "6 8 10 12 14 16 18
SRR TS . BRI ORT & A Log,o(Q/GeV)
22N JPHe YR = - N
BHATERL PO T ET 2. %1 1.2: KEASEHD T 7L ¥ —felebt [1],

RFRMERL 703 1~10 TeV I H 5 L IRE
2L, BAERIIHDIZ RN —AT —
LTHEi—3 N5,

1.3.1 LHC TOBMIRER FEHESR

LHC fni#gs 2 72 ATLAS SEBCid, 2015 4 12 HET?D Run T, 1.5 TeV £ TOHEZFF
7»4—/\1%Vif@§%%ﬁoxﬁz—7ﬁ%ﬂéhfw5(HL%J&MOit\Xva

EHEHEZE T 700 GeV(IX 1.3¢), BHY =Y — /1220w Tid, ZDF#EOMLT THIRIZA E 21k
T2, BIZIEWZ 2T X %F v 2L Tid, X230 GeV O, YT 13 420 GeV % THH X
N3 (X1.3d),

1.32 bBEvJREEDSOHFIRE

BEMEPIEG CTII NI XA =2 L L TIEEDOEZ Ehiic e v T ABEERE D, Eﬂﬁﬁﬁ%@ﬂ@&?@
by JAEEPEGHD O 5 A N5, @HHEERTIE 2 o0 y V2 2 HIHZ BT 5 (2HDM)
kw\9&(k%50@tv7XM?@ﬁE#?aéﬂ%#\%@Wm%%mtv?l@%gﬁ

3 m? X2 1 X}
2 _ 2 2 D2 2 i i LAy
mj, = my cos” 2 + 1, Yt sin B <log w3 + m% ' m%)
= Ay — pcot 8
mg ~ /Mg My,
ThHZ6N3 5, 22T, 2HHIZ, WHMECLX2F5Th s, by F 2AERIZERNIC 125
GeV LRE o7 4] B3, T BT 570IciE, Thbb, by J2AHE 125 GeV % SUSY O

A THHT 2121

1. A b 7 (t) PE (mixing term 2N WELTA by 77EHEE tan 8 DR Z plot L7 b
DK 1.4)



~o~ ~0~0 o~ ~0~0
-9 — d9qat, 7, a-q — AL,
%14007‘/."_.1-145.#;_._..‘H.|. T %1200‘141"L,4|5|P‘|'|'| — : ‘ : ]
5] r refiminary = Observed limit (+105e5) 7| 5] L refiminary Observed fimit (+1052)
-~ [ A miss _ — F 0. A miss -
71200 —0-lepton + 2-6jets + B .. Expected limit (+10,,) ] Z¥iooo[—0lepton + 26 jets + B L. Expected limit (+10,,) ~ —|
L 1 o - 1 -
[ is=13TeVv,321b —— ATLAS8Tev,203%" [ is=13TeV,3.21b —— ATLAS8TeV, 203" |
1000f— — = N
C Al limits at 95% CL ] 800— All limits at 95% CL —
800|— - r 7]
F B 600— —
600— — C ]
C Z 400— —
400— — r b
200} - 200 ]
P U AR SRR BRI BRI 3 P I SN B I N NP VI N S VI SV S
S0 400 600 800 1000 1200 1400 1600 1800 2000 00 400 600 800 1000 1200 1400
m; [GeV] m; [GeV]
(a) 0 lepton channel(Z' VA — 7 ®A:HL) (b) 0 lepton channel( A 7 #+ — 7 X ERR)
i, production, t-> b %7/ > ¢ 7 /T> Wb X / T t 7 .
T L L B I AL L L AL ATLAS Vs=8 TeV, 20.3 fb™
[0 r ATLAs \s=8 Te\/, 20 1b‘ ,‘ S‘ ErTm T ‘ T i T ‘ L ‘ L ‘ L ‘ L N L
g e ) {OUHL combined I () 600; 1% —_— vfa I g 2|,ar>(!v:1403.5294 - - - Expected limits ]|
o 400 i L. 86 Q, ——via 1/ ¥ 21, aniv:1500.07152 —— Observed limits |
£ Fommiowbzon?  ww — C T via n/ b 2 arXivi1407.0350 Al limits at 95% CL ]
E L XX, e F —— via WW 2|, arXiv:1403.5294 B
350~ FE Wby, tiL, 2L g ) ) 3 L D - me o osmemo)]
FoEmiocy tc N o i p — 500— pp Ve LI:j/ 21431, arXiv:1509.07152 TR p=0smE mE) |
C emiobirg te, t1L 170 180 190 200 210 c r XXz via T/ 9, 21431, arxiv:1509.07152 b
300~ ! m; [GeV] C —— via WZ  2I+3l, arXiv:1403.5294 ]
[ = Observed limits ===+ Expected limits All lim 95% CL = L via Wh Ibb+lyy+"+3l, arXiv:1501.07110 i
E Ny D, E 400 g‘g ——via T, 34l arXiv:150007152 ]
= : 3 PR T AR &
- = 3001~ 7
o 3 200~
Z - L j
1 100
. 3t
800 POO

n; [GeV]

(c) A by 7" HERR

1.3: LHC/ATLAS #BICk1F % SUSY RO F L&, FVA =/ I LT 1.5 TeV, &
A —=271RLTIE 1 TeV, A by 712K LT 700 GeV, WZ 2HTF v >~ 24T ) 530
GeV DI, i 12h LT 420 GeV OFlRD AT 5,

2. mixing term 23K & \» (|i—i| ~/6)
3. D RAKLF DF 5

DCTNDDIRITT B,

1.3.3 FEAH S DHIR

SUSY KON, mb#EVH D (LSP) (38— 27 =8 —DfEtiiic e b 9 %, MmESIER ISRV G
BICiE, LSP 3 A BN I8 % 1 D 3R L LSP %L I3 FHIREZ I > T 228, FHIW A S &,
LSP OMNAEMIHEZ 5% < 2%, ORI S LSP %X LSP O RIGW R S5HTE 270,
WM DR (Aparh?® = 0.11([8])) 2> 6 SUSY ORI L THIBRS (IS, =/, 7a— /.
Ly 7y — /) BZNZFNLSP ORICHFI N EHE%R plot LAZDDK 1.5 THh5, BET LY~



1.4 AMSB ffd

2 —DRTHLSP TH 5 EREL RHIIXKD Qpyh? = 0.11 12X L. overclose LTL £b 7
WEMEP S, TN LSP HED RIRE %%,

-C‘?x' 10 ! =
G &
-2
10 102
2 : :
E i -
10% i B
] 7 | W-like LSP -
| ATLAS - | B—I!ke LSP
. After ATLAS Ru‘n 1 N | H—hk? LSP
10_ ! 1 Lo L B L L
l-l S 1 1 IIIIIII4 102 103
10 10? 10 10 m(z?) [Gev]

Msusy/[TeV
1.4: BlI Nzt v 7 2 HiE (125 GeV) 1.5: BllINI ¥ — 7 <& —EEHh 55
PEHENHRY 4 — s TERAT— (6], SNB LSP I [7], BHES. LSP 0
tan 8 23 10 BUTF O, SUSY K1 OE & BRI ERBAC, (mg < 3 TeV, mj, <
10 TeV DA EDShSiL 72 5, 1 TeV)

1.4 AMSB {&EHY

DL ED D 6 Ol Z HRICIRZ 2 &, IV, —/ /A7 x— 27138, BT —Y— 7 3w
EWRRIN G,

NG D5 HARICH7- THEAE & LT Anomaly mediated SUSY breaking (AMSB) model 7%
H%b,

AMSB BUITIZ, 227 4 — 27 QHEN T 5 EF 4 — ) OFRR (my),) & ARETH 2, 7—
2= ) 13 SUSY O % loop #3l L TIRU 278, ERIER 27 4 — 712 R 10-1 ~ 10-2 i
NS BB, 7=y —/ DHBIZ T 7ET 4 —/HE (my),) T

33 g
Mpino = 5 1672 ms/2

2
Mwino = m”’% /2
2

3
16723/

Mgluino = — 3

— Mbino * Mwino * Mgluino ™~ 3:1:8

THZ 615, mSUGRA % EDRIM L #2: ) . AMSB BRI TIZ7 4 —/ 23 LSP L4 3,

E=/. 74—/, by Zy—=BRAL, 22—tV =7 (W54 F¥—2—/ (X32) &
BB, by ry—) PR ERARIEFINS B0, AMSB BT XY 3y 4 — 2 @
FREREE, YT IIME Y 4 — 2 OMFEREL %2 5,
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1.5 LHC T®D AMSB {&BDIREE
151 H4RGBE / ERKEE

AMSB BiZ 7L A — 7 DS < . LHC TRAERTE AV R0, 10, vE QAR (direct
production) MRRICEHT %, 7/, BB 25 X)) I OEBHEETIIE I RV X — 2 KD 2 XK
T2 IS k7o, Initial state radiation(ISR) jet Z %K § 2 (X 1.6), 97 — — / HEAIK
DAERMIIRIZR 1.7 DX )12k >TE D, 250 GeV @ YT 12K LT ~1 pb, 400 GeV @ ¥ (&
LT~100fb TH2, FBARVEDON, BLZ1/303Fr—Y—/232DOTELBBETH 5,

mAMSB: tanf =5, u >0

443 Prospino2
Jém £ .
5 PP = Xy Xq
gl PP — XiXi
e P = XiXS
X1 8 E — Total
U e
¢ — F
10‘15
Yq 102
- 1075
- / E
g = q £ \/s=13TeV
O N I B I SV B T
1.6: ™ 4 — 2 EEER 50 100 150 200 250 300 350
m,, [TeV]
M El 3y 31 \\l\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\l\
itfe D Feynman [, trigger 100 200 300 400 500 600 700 800 900 [GH{?]O
S, m.+ e
D78, ISR Jet # ¥k $ 3, g

L7: 74—/ AR, HRSKRE (ks L, ki
[ {EFE8 (i NS

1.5.2 SHKMES (Disappearing track)

% 4 — /X doublet THYH ., wF & @0 CTHEOERLFHFEA L TH 2056, ZnsDEHRIZHHE
T3, LaL, WHEEES ot & @ THRZ 220, HROMEZDLTLIMBIT 2, 74—/ OHiE
X5 THRBDESWIZZL T 528, ZDHEERE dm = mgr — mgo DIEIZE B X Z dm ~160-165
MeV 12 ETH 3 (K 1.8),

ZOEROMRD DI, XF EHMICAS, XT 0

166@.<1_m%)”2(1_m%>_2 12)
Mam? om? m2
THZON, HERIRX=F2RAT 2L, FldELZ 0.2 nsec K45,

0.2 nsec &\ 9 FfirldhiF D Lorentz boost ZZ 2%\ & £ 6 cm DHIEER (ByTe) ITHIGT %,
Zaud, ATLAS B TIRRNEREMR AR O (~1 m) & D b/AhE <, REMRILER N CTHIlE S %
Ztitk s,

XERBEAED, 0 & nF T 2 (v — X0n%) 2%, R0 @A (+ B ) LU Ao

T(xf — \Orh) =T(n* = pv,) x




1.5 LHC T® AMSB & o fdEE

11

170

165 |

>

=0

>y ER
2 160 f g
= £8
e 8>
o T3

155 |

150 tWO-l00p m—
‘ one-loop  me—
100 1000

Mpeutralino [GeV]

M 1.8: %4 — ) DR EERSE (mgs — mgo) OBIE 9], & 2RIEQERZ Y 4 — /1AL T
X, ZOHEEEITELERD, 165 MeVIZETH B,

TR TRIEL 2\, £, dm ~160 MeV D7z o, ER I N2 7+ OEHE LIRSS v, 2
DI, XE BERES NS L, BINBOEFTHA S track(WRMH:Disappearing track) 238 &
ns (X1.9),

0\ A N\ =
4 1.9: B 2ERS MDY S 2L — 3y, REDSHERTOWMS, AEoHE e o
RS (hit) 2R T. HHOMIBHLAE —LBITH S, BB 1 ZEEHRO 75, track &
LCBIIT % = LT &AL,

1.5.3 BEDERERDHRRIFERSR

LHC/ATLAS 928t 2012 4% TD Run O 7 — % % ffi o THRRPMRE M Tb 1L [10], DR
Brcid, REBHEROEHTIHATL £9 high pr track 29 2 &£ T, AMSB BRI DEE % 1T,
FDd 0.2 nsec DF v —¥ — 21X L

mg+ < 270 GeV(95%CL) (1.3)
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DR %2> 72 (X 1.10a), 7= CMS TH FEO@IT2fTHhILTE D [11].

mgs < 260 GeV(95%CL) (1.4)
L#%-5Tw3 (K1.10b),

19.5 fb* (8 TeV)

'a‘ w T T T T T T T T T T ‘ T T T T ‘ T T T T
c L i
e = CMS |
l_:|$<~—|:I.0 = tanst,u>OE
o C 1
| Expected limit +2 ¢ B
10 - A G
1B | o Expected limit 10 : ]
B ] [ e Expected limit £ ]
Bl ATLAS 1= = Observed limit _
\s=8TeV,J.Ldt=20.3 fo™ - ]
..... Observed 95% CL limit (+1 Gmemy) I 1
B R N Expected 95% CL limit (+1 o) B T
107 o/ e ATLAS (Is =7 TeV, 4.7 b, EW prod.) 10t |
- ALEPH (Phys. Lett. B533 223 (2002)) B e
T"||||||||\||H||7////%‘3(317‘9'%1& Eoovv o b b b by 1 g

100 150 200 250 300 350 400 450 500 550 600 100 200 300 400 500 600
m.. [GeV] me [GeV]
(a) LHC / ATLAS %k [10] (b) LHC / CMS %8 [11]

1.10: ATLAS 928 - CMS EERDHKIREIRRICE 1T 2 AMSB BRI~ DHIR, FFdrnt 0.2
nsec DF ¥ —Y— 2 1Zxf L, 95% CL T, met < 270GeV (ATLAS). Mg < 260GeV (CMS)
DHIRDF TS,

1.5.4 FUWFEZ AW HARIMER

1.10a, 1.1I0b 26 bbb kI, Frv—Y—/ OF@MPE\ 8T XA —F 5K (Fric AMSB #
BMOYET S 7=0.2 nsec) 2T, BEXHE DR L, Tk, v track(REF) 2 FEREL
TS IRKT 5,

LHC & 2015 42> 5 Run Z S €725, Z4F TIZ ATLAS FEERCIIBHIER O upgrade 23T
bz, FHZKE % upgrade IFWNITFAEIE AR D upgrade TH b . NI 1 JEH L WEHERNE
maint, Torkod, 2015 55D Run TlE, Z4E TR track ICRHE L 7 @25 HE I
%5,

AHFZETIE, 2015 4ED Run THF S N BELR I XL X — 13 TeV Offi%7T—% (3.3~ 1) 21
VT, HRRERE 2T o 72, SN TOMRRIPRRD FEZBERL SO, HicicHllox ) av
BRHIER 4 J8 D A O hit(BiHias & DIIGR) 2> 6 F S 7w track 268 Z2f@fr FikicowTo
Wr7E2 e, K,

1. B H O CIE D 7 R I R TREF O PRSI
2. WHRREFDMEE (resolution, efficiency)
3. HEME 2 1E D 9 background



1.6 AGSCORERL
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IZOWTHRANICHIEZITV», HRRIERDBEREZ K> T3, FWIHRREZ ) 2 & T,
STFNDT IR TE v AIFRKE S EAT 5 (HEDHIMREIRER £ L T, 0.2nsec DF ¥ — —
IR LT 6 £5), —/iT. track DRI\ 72 ® pr resolution 13K E {HELT 5, KX Tl
pr shape %\ 2 FEITZ, W track OBOE G ZHEE L2 Z LT, Z D background %X
ZEMRL 7o, HWIHRREFZ 9 2 & T, BEDHEIRRIMRE OHIR 28 2 2 KRz 157,

1.6 X DK

AL Tl 2 BT ATLAS B & O AR BRI DWW T, 3 ETYRA 72 = 7 + DRRIE,
FfIZ tracking algorithm 12 2WTihR %, 4 FECTIEAMHT CRICER & 7 5\ track O PR
algorithm & Z DMWEIZ DWW TR 5, 5 HETIZHRMRIIE TIT ) FLRIER (selection) & IHFMREHR
&7 H 9 % background IZ DWW TN %, 6 ETIHEITIC K > TS NR R 2B, AMSB &8
AT 2HIRICOWTHEGRT 5, £/, SBROBHICOVLTHHEMT 5, REICTHE AL £ &
» 5,






B2E

LHC/ATLAS SEB%

LHC(Large Hadron Collider) I3 CERN (B i FA20T7EHEME ) ANER]§ 2 &R TH D | B RT
HRREORELRZLRILF — (/s=13 TeV) TEIIFTHN TS, LHC D% Point I121% ATLAS,
CMS, ALICE, LHCb ® 4 DOfHEPREINTED . ZNZNDFEERT IV — 72 [ I AR
AMOMGE - BHERG A 2 2O R A2 HIE L, FEi - BT 27> T %, AWFJETIE ATLAS 7
=T, WEEHT %4> CTw5, ATLAS 7V — 71 38 AE» 6. 8 X Z 3000 ABShT
Z2EBE7uY 27 b Thh, ZOBERGBBRICR#EH 2, RETIX, LHC Nt & ATLAS i
HE O TlE %2R R 3,

2.1 LHC hnEzR

LHC X, LEP(e~e™ f%2) B Cibiiz £/ 27 km OV > 7% L TEEEE S 41, 2008 4EiC
BEI 2B L 72, LHC 22040 N Fryas4 8 —cbhbh, BT - B4 v E2MmEL .
I ENTEDL, NFRYATA Y —CREBNEUAPNIETH 225, LHC TIE 1.9 K I
BHE 7z Nb ® o {sE dipole magnet Z W T3, {713 83 T T, 14.3 m D HDAMHE L
IC 1232 A EFE D o LT %, MEIE 5 MeV /m DII#AEL % Ff ORI EIE 2 cfr o, 8
FRICERE I N TV 5,

LHC 1% 2012 fE E TR ELAFA I AN F —%2 R K 8 TeV ICHIR L CGHEIEL T/, Z0 2012 FF
TOML%Z “Runl” &M, 7, 2015 F2 oL ZHLR IRV F —% 13 TeV I LA S ¥ 7
MR % “Run2” & MEE,

Runl & Run2 TlE, BRI 2N X —Dftlc N v F[EFEDS 50 nsec 225 25 nsec ICEHI N B R
E. X OBEHEIGE D WEIE L 2o TWw 5 (K 2.1),

LHC Tl —[m D13 > F [+ O fi2e THEE OB 23 IEtk L%z 2 2 3, Bk d 2 K &
XHIL T, ZoJEmMERGELE “pileup” & WE, 1M 72 D icitd 2 3 IEMMEBGELOEE % TR T,
“Run?2” Tlx, NV FRIFEOZEHIC X - T, F%? luminosity T pileup DI % o> Tw 3,

211 LHCRun X7 ¥a—-lb

LHC 1% 2012 FF EF CHLEZZ 2L X — 8 TeV T “Runl” 217>, 2015 4E 6 HH 5 I EH LRI %
NF¥—% 13 TeV I LR ZH., “Run2” ZHIEL T3, 2015 4D run Tl 4.2 tb~! @ collision 73
BX, ATLAS H#TIZZ DN 4 b1 @ data 2308k L 7.
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£ 2.1: LHC ®/8F X —%

Value el | Runl Run2 | Run3 P&
I F¥— (GeV) T+7 4+4 6.54+6.5 T+7
ARV S 7 54— (em™2-5) || le+34 | 7.7e+33 | 5.0e+33 1.5e+34
BNz /54— (b1 - 23.2 4.2 100
LABIY DNV FE 2808 1380 2376 2736
1 #2928 d 72 ) DOIEFRIEREL T 28 (1) 23 21 14 39

S, LHC 12 2018 4E £ TD “Run2” T 100 fb~! & F—% 2HE 3T %, 7. 2021 15 2023
£ Run3d Z#£ T, 2026 47> 5 13 luminosity %z KiEIc 1§58 L 72 High-Luminosity LHC 23%(@) L |
3000 fb~! D F =¥ EfGFEFEL T35,

LHC roadmap: according to MTP 2016-2020 V1 B Prysics

LS2 starting in 2019 => 24 months + 3 months BC I Shudown
LS3 LHC: starting in 2024 => 30 months + 3 months BC i:;:iz:r;tm:smmng
Injectors: in 2025 => 13 months + 3 months BC . P

2005 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021
laz]a2]a3]a4]a1]a2]a3|a4]a1 a2 ]a3]a4|a1]a2{a3]a4]a1]02]a3]a4]a1]a2]a3]a4 a1 a2 |23 104

e [ ]
Injectors Run 2 LS2 r

PHASE 1

[ 2022 | 2023 | 2024 | 2025 [ 2026 | 2027 [ 2028

laz]az2]a3]a4]a1]a2]a3]a4]a1]a2]a3]a4]a1]a2]a3]a4]a1]a2]a3]a4]a1 @203 a4a1]az]a3]a4
LHe Run 3 LS3 || Run 4
Injectors .

—_—> o—— PHASE 2

2029 | 2030 | 2031 [ 2032 [ 2033 | 2034 | 2035

at]c2ias{a4]at]azlasa4]a1]az]a3(a4]a1]az]a3]a4]a1 a2 e3]a4]at]a2]a3]as4 a1 a2 |03 a4
He LS 4 I Run’5 LS5 I
Injectors

2.1: LHC FFK5HAE, 2018 4F £ T Run2, 2026 42> 5 1 luminosity % Kl i< L5 ¥ 7 High
Luminosity LHC 234814 5,

2.2 ATLAS RS HE

ATLAS Bethid (1X12.2) IFER 25 m, B & 44 mm, BEE 7000 t O, JFEHICEKLBERTH
%, fhEEOmEaER. NS IR LS, B Y A= AFaryhn)x—=4%,
S a—F VBRSO TWwS, $7, HERZMNET2200WAaE LT LV /A Fia
DINERRES B # E BREA O Y A —F DORJIC, FuA FRO@ASNFr v BESE S 2 —F VB
HOMICREIN T2,

BREBGROMEED & . HIVBLOF L T, SR OMHEZ WRICT 2720, Ttk zRio
TWw3,
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=
SR A

Tile calorimeters

LAr hadronic end-cap and

forward calorimeters
Pixel detector \

LAr eleciromagnetic calorimeters

Toroid magnets
Muon chambers Solenoid magnet | Transition radiation fracker
Semiconductor tracker

2.2: ATLAS #itids 6B, [15]

221 MHEERDESE

HFIHER (x, v, 2) 20 5. BIBODLE (x, v, 2)=(0, 0, 0) & & D, 2 Hi% £ — Ll
IS, x e 75 6 LHC V v 7o~ &,y il i o L ¢ B E i,
D (x,y, z) BERICHL (1, 6, ¢) %

Y (2.1)

r
6 = arctan (E) (2.2)
¢ = arctan (g) (2.3)
LEET D,
72, rapidity(y) &,
y = tanh ™" % (2.4)

LIEFIN D, rapidity D7 (Ay) 1 Lorentzs AL TH O, KOl 2EFRT 2BICHHTH 5,
E7o, KT OERZ AL 7EP L LT, pseudo rapidity(n) 73

0
n = —Intan 2 (2.5)

LEHRIND, CORBIVHEBDOREZLEERET, flifinoT, R{Mw3,

Ry et 2
AR = /(An)? + (A¢)? (2.6)

LERT D,
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2.3 WA

WIRRE R g TR T2 T 2 720D Y L /A Filgh (2 T), Sa—AvBitgcia—Fv
P 270D b uAg FAUEAPRBEIN TS, BAERIGERERA TS 5,

X 2.3: WHNCY V2 A FREH, AMIlC ka4 S VR DIE S w5, [15]

231 YL/AFEA

PR S HH 2 < Bl & IE 3 % 72 0 IS TR AR B8R D AMIL, A m ) X — & O PRI 3R &
NTw3, 2 T O—KREEIGD z ST >TE D (X 2.4), fERTO ¢ HHOEZHET
CLT.pr ZMETZIENTE S, MTOBELZIA 57012, #Hk>TE D, EE130.66
radiation length(Xy) 13 ETH %,

232 MAAYIEERA

Barrel #ff & End cap ffic 22N 8D b u A FLEAWREIN TS, HlloY L /2 A Pk
FERRD WEE ¢ HICLPro T 270, B2 n HICHiT 5, MEOWS ZEE X
Z05~1TRERETHS, MEPEMTH 2720, ELIEFICEMETHY . AE—-TH 2, KT,
Barrel & End cap OB OFIRTIX, W30 ISR 25 bAAET 5 (K 2.5),

2.4 PIEBREMR Hids

ATLAS oWEREiftidr (X 2.6) & 3 2OfH&» oMk E T2, Wl 6 Pixel it
(33 mm ~ 123 mm), SCT #H# (299 mm ~ 514 mm), TRT i (554 mm ~ 1082 mm) O
NI BIE S T %, Pixel Bifhid & SCT #iidZs Y a VIR TH D . BB D 2 -
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E O T T T T T T . E 87 L A B T LI s ]
e 2 o= = - L ) H End-cap i
fig C 1 e [ Barrel region =) ! i

£ r 1 = ® | region
D s = 6 c 7
2 or 1 © 8 2 g
| B o L ‘B -
1~ ——BzatR-=0538 m ] " AT 9=n/8 g ]
F —%— Brat R=0.538 m \ = ]
T BzatR=0.118m ol r g
0'55 Brat R=0.118m_ E 2; =0 7:
0 Somer *: 07 .
-0.53 - L v ]
C \ \ il \ | ] 2 R ]

3

N
3 L
~w
=

2.4 NSRRI SN DAz K 2 68 2.5: Muon MO % 1 12 5513 5 Rt

WO, HHER R DETIE AR 2MEN T, Barrel & End cap 0 H CRIS

WAER XN TBS, [15] D35 < 75 B BT R RGBS DY BT S EAE T
%, [15]

T3, TRT BRI A ARG TH O | AR 23 B 2 Bitids & e > T %, TRT #Hids
1%, photon conversion DHIE 7% L1258 < . ARHEMEMENT CTlE VETO R & L To&ElH R
o ZNZIURHERIC || DN WEFTZ 13— % Barrel #if & | forward #1874 /¥ —"¢ % End cap
H3d 5 (K 2.7),

I AR OPE R IZIX] 2.8a, 2.8b DX HICAR->TED ., |n| IREVHEISIZ EWEDNL ko T
W23, 7, Run2 Tl IBL %% Pixel i8R D NE ICERIE I 11728, WWEEOHIMIZ, n=0 (<X}
LTO0.015 Xy 13ETH 5,

2.4.1 Pixel iR

Pixel BHids (4 2.9) 13>V a VEEABIBGTH O, REMEILEGORAEIC, Barrel # 4 &,
End cap 2 x 3> S %%, —D2DE T LNLY A X% 50 pm x400 pm(FWNEIE 50 pm x250
pm ) TH 5, mdAED 1JE (E— L0625 33 mm IZKE) (X Run2 2> 5E A S 172 module TH
D . Insertable B-Layer(IBL) & WX 5,

Y7 U A E 2212 B 1T 5 hit [EHUCHZ ., & pixel T 4bit @ Time Over Threshold(TOT)
DEEEI NS, ZOEWMD S, MBI L INZI R AT —DREIRETE 2720, HEIH7- DI
ViL ST 2L ¥ —fit (AB/dx) OWEDHRETH B,

¥ 7, pixel RIIERTIZ, N TRy T VLIRS FETR Y —L 70 Y Py F2Ok
WTWEH, ) LTONEHBSTTL X ), COMEZBRT 272012, 1 DDaiA L THE
DY —DHALELEIT) £V FiEEL>TWS, 2D L) % pixel 1 ganged pixel & FEIFHL,
ASK hit D7\ pixel TEFDIH L L) ICRZ S I ED3H 53, clustering DEFIC Z Nz 54 5 2
ESHRETH B,

SfRRENE - AIANSR LT, 10 um, Barrel(Endcap) Tl& z(r) AFNCK LT 115 um TH 5, €
JXNHARXED BIRENPRODIE, D E 7 )L OIERZ > TR M7 i 2 oE
57:0ThH 5,
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r R =1082mm

TRT <

L R = 554mm
( R=514mm
R =443mm

sCT Y
R =371mm

. R=299mm

R=122.5mm &
Pixels 4 R =88.5mm 7/’:3; ;
R =50.5mm /"
R =33.25mm
R =0mm
2.6: EBBRHEI S (Barrel 7). PIMIA & Pixel Mt (4 @), SCT it (4 @), TRT HiH
@7 (3 module) DIHTHESI LT 5,

ID end-plate |2
4
Cryostat W
Solenoid coil |Tl|'=l-0 ni=1.5
S  mm— 00 (|
R1150 | - =
712
T B 2710 Inl=2.0
— i — =2.!
= ni=
=3
N
» Cryostat
S
-~
g -
RS563 g : v
C Rsi4 R 14 ’ e Pixel nj=2.5
e | | 89T-(endlcap)
R299 ; ‘ H Bon TH8L.0 s | Pixel PP1
S e — — . R229
ink%%'.ss e A N i - Beam-pipe
| RS0.5 _:Em:z-aa-w ] . R34.3
! % 400.5 580 [749 934 1299.9 1771.4 2115.2 2505 2720.2
t 495 650! 853.8 1091.5  1399.7 z(mm)

2.7 WIBTREFERHI 83 D layout[13], Z N Z N DkRHER T Barrel i & End cap Bl Tw 5,
Si L |n]<2.5 . TRT MR |n|<2 OFHE TE A NN—-L T 3,
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—~ T T o ARANRRARSREARS Rasas RARAS RaASAEARS RAREY RARAS RaRES
25 Bl services = £ i 3]
< S C [l services E
=3 O TRT 2 0.6 OTRrT -
5 Bsct 2 r DscT E
- @ Pixel S 05 Wrixel -
-:'Q'u' [ I 8 E [JBeam-pipe
3 i IS F ]
5 15 (] Beam Pipe T 0.4 =
& E ]
0.3

I

o Lo b b e By

1 15 2 25
il ]

(a) radiation length [14], (b) Interaction length [13]

-2 -1 0

(53]

X 2.8: NEBMREMRHIERICE T 2 WEES M, |n| BDREVIZEWED? SV, Run2 »6EAZ
N7z IBL OF S ZIERIT/NE 0o,

2.4.2 SCT #&Hi88 (Semiconductor Tracker)

SCT #ethias (X 2.10) 13>V a »FEARERTH D, Barrel # 4 J#, End-cap i 2 x 9 #5225
b, ATLVABEAETHY, 80 um ¥y FD~A 70 A MY v 72 rH—2340 mrad 72 HIT T
WEIN TS, 7ffEIX, Barrel, Endcap & H12, r — ¢ SN L T 17 pm, Barrel(Endcap)
Tl 2(r) HIENICH LT 580 pm T B,

HV hole HV guard ring

Type0 connector Hybrid with ASICs

Si strip sensors

decoupling
capacitors

Vv
glue \ FEs
sensor

\
bump bonds

<
%

\/

X 2.9: Pixel & OIS [15], > ¥ —
& FE(Frond End) chip 238N 7R ¥ 7 4
YK DEREI N TV S,

X 2.10: SCT HHigs DS, & v 3 —73 40
mrad TRZL T\ 5%,
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2.43 TRT #&HE8 (Transition Radiation Tracker)

AR TH S, K211 DLHIZ, 4mm DA B —RDF 2 — 75/ INT 2%, Barrel
i & End cap #2221 THE D . Barrel 813 € — L0l & SE4TI12, End cap #13 E— Al & FTE
M F 2 =7 TW 5, A RIE Xe, COq, 02(70:27:3) 72 £ Z 23\ gas DML T %
(Run2 T3 Xe O—#2% Ar ICE SHZ 5 7)., £/, transition radiation 2 I I 57D,
Fa—7¢F 21— 7DRMIC Radiator £ LT7BEL Y (low Z) D7 74 N—= 7 4 4 LH5EED 5
nTEH, 441l transition radiation D 2 DDEERETH. 7% ID 75 2 £ W3 TE % (transition
radiation 13 y(E/m) ICHBI L, BRICX > TELETZRAXF DRI IVED S0, HEDE
electron &, HHRHYIZE > pion DFRAIDAIRE L 72 5 ),

TRT #iH&r TOMMPZ hit 13 30 I ETH D, Atu—&H7h OFMEEIE 130 pm & &> T
W5,

2.11: TRT straw H§i& [15]

25 HAAUYX—%

ATLAS DAn Y X =83 RECE@AIRY XA=F ~Frrhn) X=52iZphnTsh, &5
ZENZENOHT, FH |n| DI X > T, barrel, forward (2515, A0V X —8 OEEGEHK
212 TH 5,

PIE 813X 2.13a, 2.13b, 2.15 D L H Ik > T3, ATLAS &I D n fHIK T,
B Y X =7 FTORICHERIIERICS VIR (crack region) 23d % (¥ 2.14), Z DHHIER
(1.37<|n|<1.52) T3 electron 7% ED T XN X —FMREEDIEH I L 720, T TIIEREL
I,

e EM Calorimeter (Barrel / End Cap )
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Tile barrel Tile extended barrel

LAr hadronic
end-cap (HEC)

LAr eleciromagnetic
end-cap (EMEC)

LAr electromagnetic
barrel
LAr forward (FCal)

[2.12: A0V A—FEHER, WllpSE@ATY A =8, ARy ATY A —F QI EHE S 0T
VB, E 7 | R B FEO B ESESI TV B,

0

x L 3 x L 3
DlLayer MlLayer
M Layer 2 45 M Layer 2
[ Layer 1 40F MLayer 1

[CIBefore accordion [CBefore accordion

L b b b b b b Ly
0776 1.8 2 22 24 26 28 3 3.2
Pseudorapidity Pseudorapidity

P B
1.2 1.4

(a) Barrel (b) EndCap

4 2.13: AR Y X —F OYE & [15], FED middle layer(Layer 2) THET-PHT DI %
VX —ZEEICHET 5,

Barrel 711V X —%13 |n|<1.475 12, End Cap 71 Y A =% 13 1.4<|n|<3.2 ICKEI LT
%, Pb % Absorber IZ L T, [iZiii7z S 4172 Liquid Ar TEMOIEELfTHbIL TV 5,
TaA—=T4 A UREEICRSTED ., ¢ HRAICABEGERO 2 Wi A M L2 Ic k> Tw 3,
Barrel ffo A0 ) XA =% 1%, 3 DDOMEED L &> T 5,
1. Strips : n J7IC 0.003 k& & JEH ISl < 3T 3, 70 conversion photon D5
Ak, 22T, 20IHINTRAZSZ D, v & 70 DT 5,
2. Middle : ZOHEA LIV X —DME21T) ELRFIKTH 2, 1 2D cell DRKE S
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L L e B s B o

|:| Before accordion —]

. Before presampler _|

Interaction lengths

8-

TN R RIS 1
25 3
Pseudorapidity Pseudorapidity

2.14:  Crack Region(1.37 < |n|< 2.15: A u Y A —% 4R Interaction
1.52)[15], OB TIFEL IR Y X —% length[15], |n| 23/ S WEHEA &, hadron

DNMNZZ K DVEDH 579, BT - T tile calorimeter, hadron endcap calirime-
DHEREEIVED 5, ter, forward calorimter M IZFiE X 11 C
W3,

An x Ap =0.025 x 0.025 £ &> TW 5,
3. Back : ®ZFNVFX—KTDEM >+ 7 —DlmnzHllET 5, »Fuave EM KDl
2179,
72, n|<1.8 DI IF Presampler & "33 % module 23H D, An ) A —=FHIT> v 7 —
Z#Z L7z event ODFIEZIT I,
BKATY X =5 DEXE 22X, 1FETH D, electron % photon DIEE 7z = )L ¥ —HE DS
ARETH %,
Vay. A kS

0.1 0.3
7E ~ ® @ 0.007 (2.7)

E E [GeV]  E [GeV]

Thsb, 2T, VHEHIIHMERROZE, 2HHIE/ A X2k 28, 3 HHEBRHGEARDOME
HBICL2bDTHE, MZAINX—KTOLAIE3HENPKRELEFELG LD,

e Hadron Tile Calorimeter
Barrel & (|n|<1.7) IdH s/ FrrAn ) A= Tdhs, Fe % Absorber IZL TWT, 77X
T4y 7Y YFL—F THADINEZIT> T2,
n=0 12 &} % Interaction length(\) I& 7T~8 TH %, @Al LI Anp x Ag = 0.1 x 0.1 #FIC
fibnTE Y., IEREIX

%E = % ® 0.03 (2.8)
o T 5,
e Hadron Endcap Calorimeter(HEC)
End cap ¥ (1.5<|n|<3.2) idHHrNFr>yAnY X—=¥Th2s, Barrel L IZHELD, Cu%
Absorber (2, LAr TEMOMHIZ1T> T 5%, n=0I2¥ 1} % Interaction length(\) % 5.8
T, IRREIX
OE 0.5
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2.6

Elo w3,

e (EM/Hadron) Forward Calorimeter (FCAL)

Forward f# (3.1<|n|<4.9) 2 A N—F 2RM&TH 2, WA Y A—FH1E, »NFo
YARYRA=INR2EH L, NLIUVBOEW AT Y X =Y TfibN TV T a =71 & U
WETIERL, Atu—iEick>Tws, EM #<Tik, Cu, Hadron Ty v 7 A5 v %
Absorber 12 L T\W %, EM # & Hadron % &b+ 72 = %)L X — 3 fE68 1.

(o 5] 1
— = —————=60.1 2.10
E E [GeV] (2.10)
EloTnw3,
Ta—AriEHEE

4 ODRIERDP SR I N TS (K2.16), £72, Sa—Fv2iliF2%xdic, T2 —F UKl
MO CICHEBED P A FVEABHREINT VS, 4 2OMEHEDON, 2 2 (TGC & RPC) IF
Trigger HTH O, RO REICENRTWS, fho 2> (MDT & CSC) IKHEHMEHTH D, fifE
TFIEBRBIEN TV S, 2 —F VRHEIERBIMINAIE L, RERAEBINIEIC R 570, &2TE
flize A AR TH 5, I 2—A VS b r A SVRAOINT 2 OB T, -z DM E

IREEDEETH ). ZDOHADTMREICENS X ) BGEHBfTTbhiTw 3,

ATLAS MDT chambers om

Resistive plate chambers |
/ I

\ /] 10
W [ | [ |

TGC Doublets (727633 Barrel toroid coi \

TGC Triplet /7zcyy

AW

AFCAvot Aane

Thin gap
chambers

toroid

Cathode strip
chambers

20 18 16 14 12 10 8 6

2.16: Muon Detector Alignment, MDT, CSC, RPC, TGC @ 4 D& SR I tTw»

%,

e Monitored Drift Tube(MDT) :
In|<2.7 DIFIFRIKZ A N—F ZRHEMNEM ORISR TH 5, 72720, |n|~ 0 Lz, fhok

HE D7D DEHR 7 ENRBEINT VS0, ZOMHEBIC O WL TR ESE» N TV,
EEROMM DY 7 M Fa—7234BERONHDE 2D 1HICLT, —DDEY 2—
BRI N T WS, F2—7H720 Dz JFADHEDFREIL 80 pm T, 1 chamber &7z 0
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D 7z D fERENE 35 ym TH 5,

e Cathode Strip Chamber(CSC) :
forward region( 2.0<|n|<2.7) ICRBEI LTV 2 HHEHEH OB TH D | RIS HBERFRHE
DI IR 2 A N— LT, v HIAITH L COFMRE X 40 pm, ¢ SRR L TDIrfERE
X5 mmBTH5, HEDHEEDLDHD . 7nsec TH 5,

e Resistive Plate Chamber(RPC) :
In|<1.05 @ Barrel % A /3—¢ % Trigger HHOMMETH %, WHMHRE X 1.5 nsec TH
D, r AL ¢ HIAIDAESEAEIZIEIC 10 mm (2ETH B, MDT & FE[H %S5 A OAEHHIE
A[RETH %,

e Thin Gap Chamber(TGC) :
RPC DMl [n|<1.05 ICFZE X 11T 5 Trigger OB TH 2, MESHFEEX r RIS
LT 2~6 mm. ¢ HEIZH LT 3~7 mm, WOMEREIZ 4 nsec TR TH 5,

Inoickh, NEREEHE & 2 2 —F VR %2 & D+ % muon track @ pr resolution (%,
pr 2310 GeV 225 500 GeV @ muon IZX LT, 3~4% . 1 TeV TR LT 5% Z LR >Tw 5,

2.7 Trigger VAT L\

ATLAS SBT3 40 MHz T |u| ~ 25 OWi%E035 245, [l ) IcfiiFT 27— 5 &b 24
Mbyte F2TH b, BIEDEE - SlicEEDORA2ZEZ 2 L RTOT =% Zitikd 5 2 LI AABET,
DD NT = 28R Ik E L, BT —8721F2FE0T 5 Trigger > A7 LADMETH 5,
ATLAS T3, SEAR K OBRE W event Z IEFEICHR T 572012, REL 220D83—=FiZbh it
TWw3 [16] , —2EFN—F7 =7 L LD Trigger TH % Level 1 (L1) Trigger, &9 —21&V 7 b
7 =7 L~)L®D High Level Trigger(HLT) Td %, L1 Trigger ¢ 40 MHz % 100 kHz f#)%, HLT
T 100 kHz % 1 kHz BEICHIE L., 7—% 25 GFT %,

2.7.1 Level 1 trigger

40 MHz % 100 kHz (2§ %, BIZ 2.5 pus Tirbn, HIKkD 255036 > 7 KiE HLT 12X S
N5, L1, Calorimeter % #% 9 {4y (L1Calo) & Muon % # 9 %l (L1Muon) IZb I 64, Z#
ZVURSLICEET 5, £72. Run2 226134 7Y = 7 D topological %R Z#KHI 2L DTE 3
L1Topo 23 A I 5,

1. L1Calo : Carolimer Zffi>7:% 7 = 7 I (Electron,hadronic tau, jet, Missing Er) % #
V., BRAB I XA=F NPy AR Y A=Y TENEN, AnxA¢ % 0.1x0.1 225 0.4x0.4
DHFFHTE EDTZRLTF—DEEINS, HD5 DI %)X — threshold % i - 7= fHiK X
Region of Interest(ROI) & L THEH I, HLT IZiX60 %, £72, ROl 26 Missing Er 2%
ARSI NS,

2. L1Muon : Muon #Hids (RPC & TGC) D% ffi-> T trigger 235173415, Runl T3,
E — L0l THEL L 72 K123 fake muon ZAEAH L, % < @ fake muon A3 trigger Zi@ > T L
¥ 9 MEDH > 72 H3, Run2 TRENBIOBRHER EDa A v Ty A% 5 2 & TI O fake rate
ZPHL T3,



2.7 Trigger ¥ A7 A

27

3. L1Topo: Run2 X W Hi7ziciEAI N, ZRNF I THRS . A T7Y =7 FRED topological
G (P21 Jet & Missing Er D A¢) % L1 trigger THH 2 &8 TE 3,

2.7.2 High Level Trigger

HLT TiZ L1 Trigger 23> 7z 100 kHz D55 %, 1kHz BREF TIlcig L 9, WHIZ L TO0.2
sec ROKHZ» T2 2 03 TE S, N—FY =7 TUHL T L1 Trigger & (3% 7%0H, V7 b
727 LRV TE D) EELRAE 2T, FHCNEITRESEH SR O track Z2 > 72 LB, 2 TDF 7
Yz 7 &R Offfine IZ¥E\V cut 23AIREIC 72 5,

peak luminosity DM FE W trigger rate 2L L T 728, 9 trigger b luminosity I
BEIcZ LS 2T,






ik

3

-]
A7 NOBIEBR

AfFEHTTIE Track, Jet, Electron, Muon, Missing Er ZHW T 2179, 72, iz, 2
NS ORI A0 ) A=87 F52%,  2—F YBIERD track(muon spectrometer track)
bV, ZORETIE, TNo6DA 7Y =7 FOMREE - kA Sicow TN 5,

3.1 track

track (3 ER TSR HISR 20008 U 72BRICHAET %, track Z R T 2 2 & T, IR T OHE)
H, AAZERET LI ENTE S, pileup DIIEFICE N FrY a7 A5 —IZEBWT, track O
vertex 264 7Y = 7 + O (pileup 221 %2) DIERZ FAIIN S track 1ZIFF ICHE LA 72 =
7 b ThHDH, Tl AENTIIFRERZ track ICEH LD D EL->TE D, RICHETH L6, I
IZOWTIFFEL K BHZ T 5,

3.1.1 tracking parameter DEFH

tracking parameter : do, 20, 0, ¢, q/p ZX 3.1 DX I ITEET S, £/, track ICBIT2MHE L
T, UTDL)ITELT 5,

e imapct parameter(dy, zo) : fZEri L track DFREZE L, ZNZHE (x, y) TH., it (z) 77
MOHEETH 5, dy 13#EILT 25 beam spot 206 DEHEE L TEIE I, 20 13 track IZXIGT
% primary vertex 2> 5 O L L CEIHE I N5,

e 0,¢ : primary vertex IZE 1} % track D M %EET,

e hit : track IZHIGT % FREBHAR TORKIERZ LT,

e hole : track WA 5, FHERD hit SHIFFI N2 ICH DL ST, hit I NA VL9 %
D ETH 5,

e shared hit : BHERTD 1 DD hit Z2HEED track THEAEL T2 X5 %bDTH 5,

e outlier : hit 225 track 22 FEIC, FAf s L CElS N hit D2 & TH 5,

e spoiled hit : SiFHERD hit 226 7 7 A Z{EAERC, ZDMED L 7 —DIEFICKEL -
TW3 hit DZ & TH 2,

29
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y
<\A (® Magnetic Field A Magnetic Field

track

track

3.1: tracking parameter D E#%

3.1.2 tracking ZILIY XL

AR O hit W S track Z R T 2 72012, %Oo» D LRI T7 VI Y X LD
INTWw5 (19, KRELTTT, Si BN TD track ZER L, TRT Miii#h  CET 2 Fi&
(inside-out), TRT #HI# D AT track ZHK L T, Si MHERICIER § % T (outside-in) @ 2 ffi
b5,

3.1.3 inside-out
inside-out (&

e space point creation
e track seed finding
e track candidate creation

e ambiguious resolver

DI FFbN 2 (143.2),

space point DYERX
space point & &, BHEO hit [5H2 S HEE L 72, B D@ > 72 3 RITDMED Z & TH 3,
Pixel fiHi#s & SCT MHIERIZ 2 N Z N7 > 7 F515 T space point ZEE L T 5,

o Pixel 45 : Pixel BiHER1Z 50 umx250 um & L < 1 50 umx400 um DK E S O &R
TH DD, [l Fotaz @ 5K, % < OBEIIEED pixel ZIB5 T, 2070, KK
D& > TEBOBHGOALE - BRI OERZ M2 2 LT, €794 XLUT DR THiE
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K7D EZREST S 2 EMNTES, ATLAS Tk, COWRERZ=Z2—F )V v P 7 —
7 OEEE T IT> T3 ([17)).

e SCT Faids : SCT MHIERIZA MY v 7RETH 2025, 2 DDH > 7z module DIER%Z
AL HET 3 KILD space point Z1EKT %,

track seed finding

space point > 5 track ZERT 272012, TV 0D S RIKNZ track OFfi & 7 3 track seed
T %, 301X, 3 RDAD space point %> T track seed 215, Z DEKE, track @ z Jiml
D vertex DAZEICHIRZ 2217 5 Z & T, GHRRHZEMH I E T 5, Run2 22613, 4 KiH hit 23
HHPERERT S LIk 5T, fake track seed #7% & 5 2 E2VA[REIC 42 D | tracking algorithm @
EEL 2 EB L Tw 3 ([18)]).

track candidate creation

track seed X Z DMK L CHOREEZ > T\ 5720, track seed ZIER L T, M T 5%
8D module ZRET 5 Z ENTE S, ZOERFETIE, % track seed ICXIET 2 RHIERD hit 28
L. kalman filter[20] IZ X > TXE$ % hit % fit L, track Z{Fl T 5, £/, O fit »65KE
{AMLT WL B hit(x? > 9) 13 outlier hit & LTINS,

ambiguious resolver

CNETITHER L 72 track 13, fake track 3% K &b, Thzvge 729012, MNEHEEED hit
. hole . pr , % EZH VT, cut, MU scoring 1T, scoring & likelihood ratio % F\>THT
D, hole 2% < hit 3%\ £ fake like 7% track (213> score, WilZ signal like 7 track (Z
IXE\ score 232U 5415, score DIFEFITMR W track 1 fake & A I, BRI 5, £, —
DR D hit Z 44T 2 shared hits 1, score DKW track D FIZEF E S 41, shared hits 23%\»
track b £ PRI N5,

TRT extension

Si BEHHER D A TR I 17z track 12DV T, TRT AR hit ZMZ 28 TH %, track Z TRT
WHER ¥, M9 5 hit ZMZ %5, Z3ETLEMEE, fitting & scoring Z1T\w, b L Z D score
B3 SRR D AD track Db D L D bKREH - 7Kix, TRT hit % track @ hit & LTMZ %, Si
track DAHADH DD score DI ) DI CIRIE, XET % TRT hit 1% outlier & L TIN5,

3.1.4 outside-in

K decay % photon conversion 7 &', Si hits 237% >, b L 134750 DIZDOW T inside-out
DFETIE track 23E S 4172 \>, outside-in TIX Z D X 9 % track Z KT %,

TRT I3 A F v —fRD tube 2> 5 2 2 MHETH % 720 barrel Tl z /71A, end-cap Tl r /7
M DREEDS e\, Z D728, space point IZEIL7Z\ DT, barrel # Tl r-¢. end-cap i TlE z-¢
S hit 28595, Tk, Hough £ Fik ([21]) TUBEL, ¥ —r2H21F 5, R,
tube @ drift time % 2 T, Kalman filter-smoothing formalism (2 & D track Z{E%, Z® track
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track seed finding

- hit
— : hole
I . ] »
: spoiled hit
: shared hit
\ ® :outlier hit
\

N
‘4
Vg

’
s
Y 4 \ /S

track candidate creation

- hit
\ |% ‘ :hole
0 ] .
' A X : spoiled hit
B : shared hit
\ , ® :outlier hit
y Al W N |
4 \ S |
—d L (AN
/ \ / S
Ambiguious resolver
- hit
-l - hole
A : spoiled hit
va : shared hit
® :outlier hit

3.2: tracking algorithm @ Frow Chart, track seed finding Ti% 3(4) H2> 6 7% 5 F\> track
Z{ER T %, track candidate creation Tl track seed ZiL&E L, BI# 9 2 hit M2 Tw <,
ambiguious resolver <TlZ, hit # hole 7 £ % M\ T, fake like % track Z¥% & 7,
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% Si MR ICIER S, XEY % hit 2 /o %,

3.2 vertex

pileup Zi#kA$ 2 72 1cid, FHA 7 vt X (hard process) H2RD primary vertex &, Z b4t
@ primary vertex %z IEWMEIZERA 2 0HDH 5,

primary vertex DfE X, EFlD 7V 3V XL THES L7z track 128 L T loose % cut % 22 \) 7
#%. x? -based iterative vertex finding algorithm 12 X > CTfTb 1%, ZHud, vertex DM EDFHE
¢ track & vertex DBIHEAT 2 MHINICIT o T FHETH B, £ TH9HIC beam spot LD track
Dz MEDTAAZED . &b track 3%\ & T A% vertex seed & T 5, KIT, vertex seed IZXf L |
WL D track ZRLICMATBL , ZORE, fit D x2 28 7o DLEDRj X, vertex IS AT, #Hik
vertex ZER T %, vertex D& X, % track @ x? ITKFFET % weight Z VT, FHEINS, Z
DX ) #EEZ . track 232 T vertex ICBHEAIT 545 £T, b L < I1EHT7 % vertex 237 L 7% <
%5 ETHEDIRT, BB, vertex X track B’ b 2D EH B L 2ERT S,

DX IIER S 17z vertex 12X L, vertex ICBIEA 1T & 417 track @ p ORISR KE VD
D% . hard process H2K®D primary vertex & E#*T 5,

3.2.1 beam spot

Run2 %> 5 X beam spot % dg DEMEICHE S & 512> 72,

B X Z 10 7D run 12, primary vertex Z i L. T4 % likelihood ¥ T fit 5 2 & T,
beam spot IZFIH X415, beam spot DI D resolution 1% 30~60 um TH D . event I FHE
J% L 7z primary vertex ? resolution & 0 b B>,

3.3 Jet

LHC EnNFeryasf4 ¥y —Thb s 6, QCD HEKDKED jet BHET 2, 20D, jet DL
FOVX — % IEMEICHERR L. pileup HI2RD jet ZFrET % 2 EIZIERICEETH 5,

3.3.1 BRUGE

jet 13 Y X —% D energy deposit 2 HFHHE I NS, jet FINVHEIPHIZ 7 7 A8 —DIRDI - e
obeject TH D, EDQHPPHD I 7 A5 —% 12D jet £ L THELT 20, ZO0DEHEFIEND 5,
Z 2 TR TTH % Topological 7 7 A% > 7 anti-kr algorithm 12D\ TR 3,

Topological 72 A%V YJ

BoIT, HRMITH LT, /A4 RT3 energy deposit DI |Eeerr|/Tnoise D34 L EDDH D%
seed £F %, sced 75 ASIEK L 2 OBEHET 54D |Eoor] fomorse 732 BLEA SIE. 2525 &
LTMA %, COBRMEZEDIEL, 77 A5 Z2FRT %, 77 A5 DILEIZRALVDIF)LX —THA
T b xR,
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Anti kr algorithm([24])

. AR,
dij = mm(k;g,i, k%i]j) RZ . (3.1)
dip = k3, (32)

L7 I AYMOMHE d; ; #EFT S, I Thy 3%7 7AY —OMEFHRTH) ., AR, ; 1E7 7 A
SYHOHMTH S, RE g BERICROLRIRXA—ITHD, H7 TAZICKLTID d,;; ZilH
L. dij BIRONDNSVERLZITHIEGL TV, i L 7 A3 L T, % Topological 7 7 A
8 D d-vector DM ZH 7277 FAID kp,n, ¢ £ LTHWS, 72721, FHEBETI OR/DDHEE
di; Hdip XD SNILH2BAE, ZOMETiet I/ FAYERTOEKTT 5, dip 13d 24
YTV IRAIDYZAZIKHN LT ROEEE VEN T3 ABREOMEIEEZRO 7 7 A Y Fjet & L
TRALEVI EZBKRL TS, g Z-1 ICH > 72K, anti-kp algorithm &FEIEILZ 7L 3 X 4
TH Y., jet HORTIE, EFEPSRKEWYII LIS, EHBEINI WL DIZ L, HHn 2 H
2= F vy 7 —OWEHZRBIE TS, AEHTTIE R=0.4 & L TEERZ L7 jet Z W5,

3.3.2 selection

pileup HZED jet, KLOVE DM jet ZHEERT 5720, BUT DBkZ selection Z 2217 %,

pr > 20 GeV

In| < 2.8

JVT > 0.64 (|n| < 2.4 2> pr < 50 GeV 27§ jet IZH L T)
e CleaningTool iZ & % bad jet cleaning

Z 2T, JVT(Jet Vertex Tagger) (& pileup jet Z il 272 DETH % [25],

3.4 electron

electron DFERIZER A D) XA =Y ZH 7 7AY ) Vv TOWMBEE, TE7 7 A% L track
% matching € 2B IT 5N D,

341 93AR9V2T

sliding-window 7 2 2%V ¥ 773 XL0MEibiLs, jet DFHEK THV>7 Topological 7 7
AZ Y v Ih, AEEEDO L EFEAL TWADIZR L, sliding-window 7 7 2% ) v 7' Tlk, 3
FEEL7zn— ¢ D grid size T, ZD grid ND A B Y X —% D energy deposit DS KICH S & 9 %
HiazET, 2 HTlhiR7z k912, ATLAS RIHEROEREA 1Y X —F1d n, ¢ FTHICZNLZ 1 0.025
DREIDRNADOHRINTVIED, TDIVIFTAYY V7 TIE (n,¢) = (3 x0.025,5 x 0.025) D
size D grid #fioT, BHAR IV XA —F 7 FAYZER L T0D, £/, 7 IAIDIFINLT—A
Ly alFid25GeV EhoTwa,
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3.4.2 track-Cluster matching

E SN EBHRA R Y X =% 27 5 AFIZK L, matching §5 track 23H 500 »%Z2T, 2D
g, 7 7 A% & track DFFEED An < 0.05, A¢ < 0.1 1I2H3UF, matching L T3 track 23 % &
HIWI L. electron & U CHEEKT %, DI, track 25 Si AR O hit 2&L LI HRDDTH L% 5
\¥. Gaussian Sum Filter(GSF) Zffi> T, track % re-fit 3%,

matching D%, barrel FiD 7 7 2 #12%F LTl 3 x 7, end-cap fiic L TiE 5 x5 DXL EHi->
T 7 AYDEBI N, BN A 7Y 27 ek,

3.4.3 Selection

electron @ selection & L C.

e pr > 10 GeV
o |n| < 247

z20T 5,

% 7z, fake electron ZV& & 9720, LRDEEK%Z M\ T, likelihood Zfi> T, signal &5 L 25t
HLTw3, Z0 likelihood TiZ, loose, medium, tight & 25D level BFHE I N TV 505, A&
fENTTlZ electron % veto §5 £\ ) HIND 728, loose cut Z 3%,

3.5 muon

muon IZNFREREHE., AV X =% I 2—F UVBREBOETIERZ2ET, ZD7%H, muon
PREN T AL TERH B, KREL DTS E. muon DIERICHE ) M ZofEIC L > T

1. combined muon : WA HE track + S 2 — & Y EF track

2. standalone muon : I 2 —7 VAR track O &

3. calo tagged muon : WIBREME ISR track + A 1Y X —% energy deposit
4. segment tagged muon : WEIRBMRHE track + I 2 —A “IRHE hits

Eaensd, RN TIEI 2 —4 2 & LT combined muon, T 74bbLNTRMEHE - S 2 —F
VIRHZR DT A1 track 3% % muon DA E > 5,
3.5.1 selection

muon D selection & L T,

e pr > 10 GeV
o || <25

ZERT 5,
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3.6 Missing Er

E— AR LTI O E B i (transverse momentum, pr) 3REFT S, =a— MY 2L,
SOMIEA L L K713, BINETIEZ 2 2 LR 20, BIHE TOLTOA 7Y 27 b
oEEIEZE L, 0255w bo, Thbb, Missing Er (%

Emlssmg Z EJet Z Eelectron _ Z Emuon Z Esoft (33)

ELTCERRE NS, 22T EXf(soft term) I, jet, electron, muon & L TR S Lado 7
bODELZFANF—TH D, BHEEERIME < | baseline cut Z#S B> F 7Y 27 b,
underlying event FEDFFOMEEHE TH %, soft term DFIFHE L TAHARY XA —F DEREZHEICT S F
7% (calorimeter based soft term) & . track DM %z £I29 % Fik (track based soft term) d 2
DT7NTY) AL SN TV D, KT TlEEEZ M5, track based soft term (%, track %z
i T soft term Z&H5HE§ %23, track 2 ) BIfR L. R FOFL2MELCH) 2N TE R
W, LL, track 25 & T vertex DLEZIRET 5 2 EWTE 579, pileup ITH L THW>
LV MEND 5,

3.7 overlap removal

H5 1D particle WEL7G55%2, BHOA 727 PELTHBHELTLE) ZEH S, 2
DEI) BEREPRT 27012, ARDVIEVCELELZA 7Y 27 MET, A 7Y 27 FOENZITH,

AR DFPHE E LT, rapidity 2\ 284 & pseudorapidity Z W 256030 5755, 2 2 Tlk, &
7Y FOEEPDLD o TWE %, n TlE& L, rapidity y ZHWw 3

A7V PELTIE, INFTIRBRLA TP =27 b2 HWEH5, jet 1IZBI L Tl pileup HiZR
DHDETEDLA T 27 b, ThbL, pr >20 GeV D eut Pz L A7 =7 %
5,

overlap removal (&

1. electron muon overlap removal
2. electron jet overlap removal

3. muon jet overlap removal

DIEIZAT Y, JElcfTd 7z overlap removal T remove 724 7Y = 7 M2 DWW T, #£D overlap
removal TfEb %\, &4 7Y 27 FRITLOHESFIEILLTOLEED TH 5,

e electron-muon :
track 25—E L T\ 31K, electron % remove.

e clectron-jet :
AR < 0.2 DIl jet % remove L. 0.2 < AR < 0.4 DIl electron % remove 3%, AR >
0.4 @ & ¥ remove L 7%\,

e muon-jet :

jet DD track HY 2 £ D KE WIFFE muon % remove L, 2 LT D & X jet % remove §
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%5, AR> 04 Dt Zid remove L %2\,






B4R
HRREFD BEAL

ATLAS B CEERNICH 545 tracking algorithm (%, fake track ¥ & T7:912, %< hit
B2 2 E#FRL TS (30 cm £ DMl E T hit ©d % track ZFFEK L TW3), LaL, A
fetr cEH T 2 REMF v — — / track 13 O(1~10) cm DIEFITHIV track TH 5, ZD7OFE
72 tracking IHIZ . B track DFFRERICEHL L 72 tracking 23 EATIRTH %,

4.1 Algorithm

tracking FIEIFHIE TR 72 ATLAS OEH#ER 7% tracking algorithm @ W inside-out algorithm
T19 (M4.2), WHED tracking & ¥ % 513,

e Re-tracking :
D tracking 12 & > T track Z PR L 728, track b T hit DA Z > T
track seed ZfFKT %, ZDXHICT 2 I LT, PR algorithm O FEFTIFHES, fake track,
[il—® track OFHEKZINHIT 2 2 L3 TE 5,

e Loose hit cut :
JHHE D tracking TlE> ) a VSR TO hit BT EHZ I EZERLTED, ZO5KEE
7 o track BRSNS, 2T, WO track ZFHERT 272D IC, B 7 2L
D hit B4 ETH 2 2 EDHZERL, SCT AR hit BUBH L TORMFIZHRS v,
D& THI LT, SCT XD NHITHIEEL . WHRRIEE %> 7 track ZFERT 5 2 L
BTE 5,

e Tight quality cut :
JHH D track & LT, FRT % hit B3P0, fake track Z1EZHERDE A &5,
ZDrw, I TSNS track (X, hole(WIfF S 112 (21T hit 23 WERILE) w2 L%
PRI 2, %, pr BEVDODOARZTHEKLT 52 LH12T 5,

Th %, BH D tracking T 5 417 tracking & re-tracking THF 5 4172 track ’c?ﬂﬁff’h L7b DK
41 CTH 5, hit B3P 7w, ThOBLHW track BRI N TS 2 L23bh 5, B D tracking
& re-tracking @ tracking configuration IO W T E L Db DK 41 TH 5,



40

B AE  HRIRBED PSR

= E =
S ¢ N\ - €
o r s e Re-tracking i
- \\\ N
QO nuy ;
Ny ° m
104k Ny Standard algorithm
E RS-, E
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= i **mm*m SRR Progress
1= U1 RRSRIRIRRS $ IR
Si hits

4.1: W T — #12% L T tracking algorithm Z#MH L 72K D track >V 2 YR T hit #
934, re-tracking IZ X > T, F\> track(hit DA 7\ track) BEHEK I LTV 5

7 4.1: Re-tracking @ configuration

Cut OFf | BEHEM 7 tracking | re-tracking
Pixel hits >4
>7
SCT hits >0
hole <3 0
pr > 0.4 GeV > 1 GeV

411 Runl hS5DHES

Runl £ REC A 258 E LT, Run2 Tlid Pixel MRS 3 @26 4 @Ik > Z & EIFS
5, Runl Tl Pixel #H# 3 JE T tracking 211> 7223, 3 DD pixel hit 72172 & FHEL L 72
track (ZEEDHE L, F 7 fake track DIEFICH o7/, BT INZHTWARLo 7,
Run2 T3 Pixel B#RO 4 EHO hit 232 2 Z L2 X D fake track KRIRICHIFI S L5720,
D track(pizel-only-track) & EHTICfEV, HWHRREF~NDOEIEZ LRI 7,

4.2 Pixel-only-track

AMEHT Tl Pixel BiHER 721 5 & PSR S 1172 track Z I\ %

Pixel M1 &3 € — AWHHEEITAIC 120 mm £ TH 5D T, SCT #ili&o 1JEH (300 mm) £ T
hit ZZR T 2856 LR L T, JEFICE O track £ THIBKTE %, —/., track DRI W\
&, pr resolution IFHAL T2, £/, BomZMBATL v, IEWIN A track 2V FHERK S 11T
LEIHERLES R D, IN6DWEHICOWTEHIHT %,



4.2 Pixel-only-track

track seed finding

- hit
: hole
: N
e |
_' | _._ I
track candidate creation
- hit
"‘ : hole
4 )
& | _._ I
L _____§ | _._ ]
v
Ambiguious resolver
- hit
: hole

4.2: Re-tracking ® Flow chart, 3 FZ® tracking algorithm & RO FIETHED 511523, track
seed finding Tlx., WD track Tl T\ % hit &bz, F7-, fake track 27 % 7
&, hole 23% % track candidate % track & L THEKI 11k,
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421 track FBHERLMEE

4\ track 2 PR LT ICHWIUE, XD E DY 7PV E/L LD TE S, K431, Fv—
T — ) DS L 7 ATE (€ — L2 5 OFEREE) IS0 5 track IR EZ R L Twb, Fr—Y—
JIEZDIZEAED SCT B EICEET ZHNCHE L T L £ 9 23, M D tracking algorithm Tl
Z®D X 9 7% track ZFHERR S 172\, — 77, re-tracking 27 % 2 & T, MEHROWNHIOMEK TR E
FHEERENHR % iP5 2 L3 TE %,

4.4a~4.5b 13, 0.4 nsec DEMEZFOT v — — / OFERALE L n IZW)ET % track FHERZ)
B Fr—Y—/ OREMEL n TS 5 track FHEEEZ plot L TWw 5, re-tracking 12X > T
2% L D track Z PR TE TV 2 L0225, F7, |n] Ik > TKE LMD 21X
7 < W7 || ORFEMERE S tracking 2fTA TV 2 E3bh 5,

4.6 13, pixel-only-track Z HW DS 7 VT 7T IV ADTA VT v —Y— ) DI
WAL Tplot LZZbDTHS, Fr—— /2502 nsec DKE, > T FNVT7 775 v A%, BEEHERN
7 algorithm 72 Z W RF LR L T, BXZ 12658 7% %, £7. Runl DD L H iz, SCT &
HERD 1JEHECThit 2392 2 2R AL S LKL T, 7 F A7 7279V AL 6k
2, CORDTAVIE, Fr—Y—/ DFEMIFACIZERE B,

Reconstruction Efficiency

e chargino distribution(t = 0.4ns)
e standard alg + re-tracking
standard alg

0 200 400 600 800 1000

decay radius [mm]

4.3: F ¥ —¥— /7 OHABEALE & FREREIH, re-tracking(AR ) I X > T, E— AHHEWAZET
L 72 F » — ¥ — / DSHEK I N T 5 (EE O tracking(fk ) TIEFHER I L8 v), H O
F == OFEEOMESFTH D, E—LEIERIEESL L DF v ==/ BH#LTw 3
Eb D,



4.2 Pixel-only-track

1

Eta
Eta

0.9

0.8

0.7

0.6

05

0.4

0.3

0.2

0.1

s b b b b b b b b L
0 100 200 300 400 500 600 700 800 900 1000 0

Decay radius[mm] Decay radius[mm]
(a) standard tracking (b) re-tracking

4.4: decay radius vs n 12K 2 FHERAIE (V> 7V DFFarid 0.4 nsec), re-tracking Tl
£ D ¥ — ABITEWEIT track FHERAIEDISGE L T 5,

Eta

Decay radius[mm] Decay radius[mm]

(a) standard tracking (b) re-tracking

4.5: decay radius vs n (KT 2 FHERR track 20 (Vv 7L DFfirld 0.4 nsec), re-tracking
TIHIEHIZZ { D track BFHER I LT 35,

4.2.2 tracking parameter 2>fRHE
tracking parameter @ resolution I& multiple scattering D7z @12,
ox(pr) = ox(c0)(1 @ cx /pr) (4.1)

EREL, XWEHT %87 X =4, 2HHY, multiple scattering DIHTH 5, L»L, TIT
%9 track IZIEFICKE %2 pr ZFFO track TH D, ZOHDOFLEIZFHITNIWEEZSND D,
SHBIIIET 5,

Efficiency

Count
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C i T \ \ T ]
B . N(standard alg + re-tracking, SCT = 0) |
| ' N(standard alg, SCT = 4)

Ratio

N(standard alg + re-tracking, SCT = 2)

10

N(standard alg, SCT = 4)

chargino lifetime (mass=400GeV) [ns]

4.6: Re-tracking IZ X 2> 7V 7 72 7% v ZAD%A, %5, Runl & [FAEKD configulation IZ
KB TFNT IR T I ADT A v, KD pixel-only-track Z WD T NT IR T VR
DFA Yy Fo—2— ) DFGPEOER TR A VIR EW T E3bh 3,

SCT hit T & B pr resolution NDEE

SCT hit 12, q/pr , ¢, cot, dy, zosinf IZDOWT, PRI N/F ¥ —Y — / track L EHD
F Y —Y—/ track DA% plot L7Zb DK 4.7a ~ 4.Te TH 5, £z, TNEDORMS 2 LD
bONEL2TH 2,

SCT hit 0 X 2R 2V DIE DY q/pr resolution THRHICEINLT W%, pr resolution I

]% x L; = (4.2)
& track DRI D 2 |ICKHBN§ 5, Z2D7%d, SCT @ 1 EHF TEKL 7 track(299 mm-33
mm=266 mm) & H#E L T, Pixel BH# D A THIEK L 72 track(123 mm-33 mm=90 mm) T,
track D pr DREEICK E RE WM EN 5, Tud, FFIC high-pt track DFRERDOERITKE { A
Tl %,

7, pr EFAROEHT ¢ D resolution b pixel-only-track TIXHEALT 225, &b LD
BPAROWIELH D, MITICHELZ KITTEV LT RS R, ZDftid parameter(d, imapact
parameter(dp, zp sinf)) (% SCT hit B2 & D KRERFEIIZ T 1w,

pileup Ic kK B EE

2018 £ F TiTH 15 Run2 TIEEK =60 FEEE D pileup DEHE I 415, pileup VRKE L5 &
tracking performance (& T3 %, R, W track FFEE I U CARD (K4.8 26, u> 30
T 10% DAL track PRSI 72 %), fake track DDA %, pileup 1T & > T track 23FHE
I K 5 —2DKK E LT, HHERNZ tracking T, - T signal @& L 7z hit Zfi>TL
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4.7: SCT hit 12 X % tracking parameter D ZAl,, pixel-only-track(SCT hit £ 0 D
track) 1 track DRI D7D, q/pr resolution 238, 7, HFEEZRET 2BEDOHK
JEDKE XS ¢ resolution HEL 72225, RMS 1% 0.4 prad 12ETH Y, WIEHTICKE 72
RIS I 0, Z DD paramter (B L Tld SCT hit 0T X 242 2213 7 S 17 \»,
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7 4.2: SCT hit £z X % tracking parameter resolution(RMS) D %Al

Nsor | 0q/pr [/TeV] | 04 [prad] | ocorg [x1077] do [pm] zosinf [pm]
0,1 7.59 £ 0.05 378 +2 | 0.946 +£ 0.006 | 24.3 + 0.1 | 50.1 0.5
2,3 3.44 + 0.05 205 +£ 3 0.92 4+ 0.01 23.5 £ 0.3 ol £1
>4 1.03 £+ 0.01 109 £1 | 0.665 4+ 0.007 | 15.9 £+ 0.2 38.3 + 0.4

FOMRBZ S 2 EZoNS, ZOREIX, re-tracking DEXIC 4T D M % FREICH W 2 2
ECWET S EBFEI NS, R TCOREHVS Z LIZ X 3 fake track DI, CPU time DY
IMOFELE I 5, pileup IZHR > tracking algorithm DBHFE X, pileup 23T 2 2o D
run T, X D FEMARWESNETH B,
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4.8: Pileup & track FHHEZIR DR, pileup 8% £ %2 % & track D FRERAIFRIZENLT 5,
F#IZ pixel-only-track IFKE 2232, 0 < p < 10 DR E KL T, p > 30 DKE 10% Mk
track PRI IMET T 5,

4.3 track DEE

signal track(F v — — / track) ODMWEZ PR 2 7012, BT D background & 7% D 9 % electron,
muon, hadronic tau, Z L Tit-> 2R ZMATLE>Tpr DEDOEL L RELTNTLE I pr
mismeasured track(fake track) @ track Z#% € ¥ 74/ 1 sample Z W THK L7z, 2T,
pr mismeasured track(fake track) ZE# T 272 D12, track DED q/p & FHEL track D q/p D

AL DEAWE

(q/p)recon - (Q/p)truth
= 4.3
Salp o((/P)recon) (4.3)
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ELTEEL., 54/, > 10 D track Z pr mismeasured track & L7z, 22T 0((q/p)recon) 13 FHE
R N7 track 726 A S 647 q/p D7 —TH D, fit DFRETH S,
COEHEREHOT, H£A 727 PEUTO LB ICERL .

Signal
AR(reconstructed track, truth track) < 0.05
Hadron/Lepton Track
AR(reconstructed track, truth track) < 0.05 and |sq /| < 3
pr mismeasured Track (hadron track)
AR(reconstructed track, truth track) < 0.05 and |sy/,| > 10 and pr > 100 GeV

22T, truth BBH& 7% EOEELEZ L CEOR FOERZHE T, 7. signal ZEEDY 200
GeV, Zfd 0.4 nsec DF ¥ —¥ — / sample %, background ® sample (& Z — £¢ sample % ffi>
T3, pr mismeasured track(fake track) (3. B#M7% background & L T# % 7 %% hadronic
decay L 7z track Z H\wTw 3,

m~/n

TR SN2 F v —2— /2 137 & R L TR\ track ZFf> T %72 ®, Lorentz boost 41T
WV BHERDE G, Fr—Y— 2 1ZIERICE VDT, Lorentz boost 35702k, pr bFEH, KE
(75 (X4.9), 7., fake track ZIEVBERIZ track TH D, 3o 7 hit ZHEATL E o 77D
A U7z track TH B, Z2D7d, track 23IEFITH GEYHIN L) HE#E2F>Z L 03H 5,

410 26 bH 5 X512, |n] BREZ VR, fake track IFFHHK I NPT v, Z4id, forward
region TIIHXYIZ hit BIDFHEREEDE < & D | track extension DEFIC error DRI KRE %25 2
&, forward THHEBE?S W E 2 EBESR) hEWEKELTREToN0 S,

Impact Parameter

Signal track 1347\ hit 8% KD track TH % 72 D@ E D track & K L T pointing resolution
XD, track HEDY high pr %2 2 £, 2 b Z b D pointing resolution bIEFICR LI L5, dy,
zp sin @ D resolution (17 hNE x> T 5 (X 4.11b),

fake track (X, HIFEOHHED D % ¢ /M, b dy % [BiEZ T hit Z#ESAREEIE Y, 20D
Te®, zo EHIEL T, do AANCT NPT, IEFICKRE LR dy 2 b track 3 TE R, hadronic
T track D do DSKEVDIE, 7 HTD32.9x10713 OFMEROL-OTH 5,

2R hit

PYER AR H B2 C o hit B0, BHO SM B IS LTI ERBFEL & 9 RiR2802 e 3 (X
412), L2»L, F ¥ —¥—/ track IFWIBREFEH dr b CTHAEE S % 7290 hit Bk 1 & Hk
LTAh%wv, £, fake track 1&it-> Z riAlEZKEA TV track TH % DT, hole, ganged hit,
spoiled hit % £ DB D hit DEHN% | F7WBHEO hit b Pk D,

TRT hit 2UFHEMRIF L FET 2720 DROBEHELLELTH S, M4.1406b05 L)1, Fv—
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¥ — / track TI3FE E D track T TRT hit 237\, F 72, fake track b5 72 hit 2o Tw5 7
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hit(FZIE D error 23FEH 1T K Z W cluster) 1& fake track Z/ED ZLTLE 9 2 &% 07,

4z fake track TZ DEBIKE L o T35,

Track isolation

track DR D12, LT charged track @ activity 2% 2 02%, H 5 —ED AR cone (AfEHTT

lZ AR =04) ICAZHITHEZRS track pr OFI

Pl = > pr (4.4)
AR<0.40

TET (K 4.17a, 4.17b),

Jet D track 728, ZOMEPRELS LB, Jet KD track 3% ) TRV ZHBITE 3,
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Calorimeter Isolation

track DI DI, ENFETFABY X —=F D activity D 502 %, H D —ED AR cone (KRN TIZ
AR = 0.4) IZ A% topological 7 7 A% DL )L ¥ — DRI

E%lus40 — Z Eé_?po (45)
AR<0.40

THY (X 4.18a, 4.18b), £/, H 5 —~ED AR cone (KEHTTIE AR = 0.2) IZ A% topological
77 A DTNV FX—DFDON, 2D track HHIZNIET 27 7 25 DFLGZ2ERGb D%

Fgone20 Z Elopo _ passociated (4.6)
AR<0.20
THT (M 4.19a, 4.19b).
Fr—Y—/ track 13H 0 Y A= FTTRIZL D, Ha Y X —F D activity IFIEF I 7\,
—7i, background & 7% % SM A1k, ZNZENARY A=Y TORIGDEL D0, ZNZTE-S
Tttt %,
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M 4.18: F¥——FH0 VX —FYFEFTELLRVID, E%us‘lo WINE L b, —JF, muon
L AR Y A=Y TORIGH/NZE WD, TOfHIZ/NE L %5,

Fit Quality

MHIZR T hit ZFEA LR D fit @ reduced chi-square & quality(p-value) % plot L 7z & D23,
4.20a, 4.20b TH %, %< D track T fit quality (ZE <. 1 IGEWE%R £ % track 2%\, —
JiC, fake track I¥#t - 72 R ZAEA 72 track TH 226 fit D quality 1L % < D track T fit
probability (& 0 IZWTWEH E 7% 5,
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DHADBMDIS 2 L%\ i, fit probability 1Z#< % %,



BHE

A

5.1 Data sample & Monte Carlo sample
5.1.1 Data samples

ARIEHTTIE, 2015 4FE 8 H 16 H25 2015 4E 11 H 3 HE CICIA I N A EHLR I R V¥ — 13
TeV, N F[HlkE 25 nsec TOMHZE data 25 (¥ 5.1), 7272 L. LHC #fiidic—Eofid i
FMEDFEE L, Tk 87 47—V ADMRET E R WIREETHIE S 117z data 23FE(ET 5, RfEHTT
X, 2D X)) RERERE, HEOIREZ MR- 2 Bihas THlE S 726t 3.3fb~1 @ data % v CiE
Wzir-o 7,

= 7 L S B B B R B | L B T B
£ = ATLAS Online Luminosity ~ s=13Tev ]
_%“ 6/~ [_]LHC Delivered All -
2 Si [ | LHC Delivered Stable E
€ - [] ATLAS Ready Recorded ]
3 C =
gl 4— g
_.G_'J C |
o C .
g 3 E
£ r 7
= 2 -
5] r ]
= C ]

11— -
n [ || ]

0 L L I T T T T 1 I 1 1 I I I
24/05 21/06 19/07 16/08 13/09 11/10 07/11
Day in 2015

5.1: 2015 FFDFEFN 2 ) > 7 4 (RITTHEZ 57— %12 3.3 b~ 1),

5.1.2 Monte Carlo samples

AfEHTTld Monte Carlo(MC) simulation 217\, B#HCOR 1O RIGR, SUSY ¥ Dz
LEEWEQMREIT o2, Fo. OB performance 12DV Tk, MC TIEDFHli 2 17> 72,

53
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%< 5.1: MC sample & Z @ generator

process MC Generator (PDF)
W— v Sherpa (CT10)
Z— 00 Sherpa (CT10)
Z— vv Sherpa (CT10)
\A% Sherpa (CT10)
ttbar Powheg + Pythia + EvtGen (P2012)
single top, Wt Powheg + Pythia + EvtGen (P2012)
multi jet Pythia8 + EvtGen (AIANNPDF23LO)
Z— UL (for tracking study) | Powheg 4+ Pythia8 + EvtGen (AZNLOCTEQG6L1)
Signal (Fv—¥—/) MadGraph + Pythia8 + EvtGen (A14N23LO)

MC sample Z{E2#Hf2IFKRE L 22173765,

e Generator process : 71 H T 24 GHEFEIC DWW T, Feynman diagram 2> 5 cross section i’“}
ZEEL, Kroil@#izy 2L —F75%, GFRTFIEL L TRA R GTENEFEREL, %
generator 3FE{ET %,

e Geant4 simulation : LF2® process THMK I L7z FOERE H T, FHEFITK T2
ATLAS INERCED X I BIOGZE I T D2 S 2L — 5%, OO ATLAS #ilids
D geometry 7% ENFZERT = o B o EREHFoTE D, BWEHEHIN TS,

ARIEHTTH 72 sample & Z D Generator IZDWTE EDDHE 51 TH S,

Signal Sample
RIEHTTIE, B 2R - HHOF v —P— 2 IOV TIHRRET ) 288D 272D, 2OETD
N?X—?’waammb%WWT%®i JEFICE L DR E T4 AV RBEBHELET S, 20D
WY R a2 ffoF v — — / sample Z{ER L. Z D sample IZ weight 22217 % 2 & THRZ
%%un@?"v—‘/—/ sample Z T %,
b HAEE L 72> sample D F iy (¢) ICHF 5 weight I3, simulation THERK L 72 sample D F i
(rarc) 1AL

f(Tgli)
w(Ty(fE) = Frace) (5.1)
)= 2o (1) (52)

5%, 22T, t1EXE OEARTSH 2. 1 event T2 2D ¥ MWERS AKX, Z2hZhic
DT Z D weight ’5:.31‘ L, B2 Eto7b D% ZD event D Welght £9 %,

AKIEHTTlE, Geant4 simulation %17 7z sample & LT, BEH&EDY 200 GeV Db D L 400 GeV D
H D, HITHAMH 0.4 nsec D sample ZHE L. AL 7,
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7 5.2: {9 % trigger, 7272 L., Missing Ep 30 Y XA —=F DA SEHHEINT WS,

Trigger DfEHH L1 HLT
jet > 40 GeV jet > 80 GeV
JetMET Jet pr Jet pr
Missing Er> 50 GeV Missing Er> 80 GeV

electron ppr > 20 GeV
electron pr > 24 GeV
Single isolated electron n dependent threshold
) . isolated cut
hadronic leakage requirement

] ' muon pr > 20 GeV
Single isolated muon muon pr > 15 GeV )
isolated cut

5.2 Trigger

Trigger & LT, &\ track Z 25 Z &3 TE 27 &, Initial State Radiation (ISR) Jet 2%
HHIERERT D, /o, FY—Y—I3EEOA 7T 27 b ELTIHHEEINT, fHREL
T Missing Er OFIFEICIZEEFNRVWAD, Fr—Y—/ L ISR Jet ZHLHERPER I N/ RFZ,
high pr Jet + large Missing Ep 238l N5, L EX D trigger & LT, high pr Jet + large
Missing Er(JetMET trigger) 2%k 4 %, JetMET trigger @ threshold & L CTi&, Jet pr > 80
GeV 2> Missing Er> 80 GeV #%Rk7 %, 7272L, ZO trigger 1 L1 T Jet pr > 40 GeV,
Missing Er> 50 GeV Zili> 72 b DI L TEMEI NS, £/, 2D trigger T 9 Missing Er
X, AR Y RX—=F DA SFHEI N Missing By TH D, muon DHFLGIFFHEICET N TR,

¥ 72, lepton HIK D background % #EE 3 % 72 D Tag&Probe %179 72 ® 1. single lepton
trigger ZH\> %, T % trigger ICOWTE LD DVE52 TH S,

5.2.1 Signal @ trigger efficiency

EVTALEY Y IVEHCT signal(F v —¥ — 7, B 400 GeV, %1 0.4 nsec) @ JetMET
trigger DL LY ZHEGR L 7 (X1 5.2a~5.5), Missing Er trigger ® resolution 238\ 728 75
EBDIEHFEOMETRVD, BB LZ Jet pr > 100 GeV 2> Missing Er> 140 GeV T trigger
efficiency 235 12> TWw 5,

5.2.2 data & MC comparison

W(— pv)+jet IZEHL T, *E data & MC sample T trigger efficiency OB Z D0 72,
5.6a, 5.6b DX Iz, W(— pv)+jet EEHT 52 7 F VD topology 13T WT, 2D trigger
O MET DFHAIZIE muon DFEGBEENm\0720, 1ZIZFEZED condition THO NI TE %,

W(— pv) DA ZESTDIT,

1. isolated single muon trigger (pr >20 GeV)
2. muon DAY 1. 5D electron DEDS 0,
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3. muon pr >30 GeV
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5. mr >50 GeV
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5.2.3 Kinematic cut ZERURDIIE EHD
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5.3 Kinematic Selection
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5.11: JetMET Trigger %> 7z event ® kinematic 474, Missing Er %7fi. Leading Jet
¢ TR E BRI E N5,

5.3.1 Bad Jet Rejection

YPEN 7% process A6 K 25512 & 5T, Jet VMR I NTL 9 2 & 3H % (Bad Jet
event), ZD7®, TD X))k Jet 121 2¥k & TMEDDH 5, Bad Jet 23F4ET 5 process & LT,
Flz22iaiionsd, —2k, AV A=FD /) A ZXDBFEEDH D, b IH—Di%, collision LAD
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FRIC L 25D TH 3 [26],

Calorimeter noise

AV XA —=FTREMNIZTL DD NVICKER ) L ADFEAT 5, coherent 7/ £ ADFEAT
27 L T, EMHNZ Jet BHRINTL £ 2 &23H %, Hi#& 1 HEC(Hadronic EndCap
Calorimeter), & IIEMA T Y A =5 TELHET S (K5.13), ZDK) BHRIZ, Jet DRI
¥F—LLT, 120V EF, L1 DOMBHRLZTOIZNLF =03 Jet BEDZRLF —DN
DRELRIIZEDOTVE, 2D, FEDTITI RN F —D fraction DIFEFITRKE VI & %
7. L DHEAH LD 5H 513 quality 25 L DEIEDS > Jet ZTEETIET, 2DXIHI %R
HREWNHT 2 EDBTES, ZOXI %/ A XEWHT 27010, UTOEMEEZLT Jet 23b 2%
R% . Bad Jet event & L TRET %,

cell

2. fem > 0.95 and |f5*| > 0.8 and (QgA) >0.8 and |n|< 2.8
3. | Encgative| > 60 GeV

L. fupc > 0.55 and |55 >0.5 and (QL4F) >0.8

2T, BEBOERIIUTD LI 25T V13,

e furc : Jet DT F VX —DN, HEC 285 %44,

o fem: Jet DZFNUVF—DWN, BRATY X =350 5EE,

o [GFC: HEC hOE DM (QLF DREW)LAr A1V X =5 L OHA,

o fEM  LAr An ) X =5 O EOE: (QL OREFWV)LAr 1y X =8 2L OElf,

cell

o (QUA) : pulse shape 7 5 FHHE N7 FKE L D quality

cell

® FEhegative : LD energy deposit ZHf2 €L DIV ¥ —DH]

non collision background

collision SBAR L 2 b D & LT, KRELC 2255, —2iF, FHM (FIT muon) I2Xk2bD, b
) —2lF, BN LD FHITHRTF%Z loss 542 & TR TFVHAEL, 2D muon DIIHERIZAD
Bad Jet £ %2 bDTH % [27], L, € —24 current ., LHC @ condition IZEFITK E 2
T2, 20X BHEREWHT 2720, BBV X—FIFLALEZRIVLX—2VELE L T0RWLI
TOF&MZNT2T Jet 3% % event ZFRET 5,

1. fem < 0.05 and feharge < 0.05 and |n|< 2.0
2. fem < 0.05 and |n|> 2.0

ZHUT

k
. Et'r‘ackeJct ‘pgfac | 5 12
d fcharge . pjet ( . a)

T
ThH s,

% 7z, Run2 Tli& beam HIZKD background 23RHZIEMIL 72 (¥ 5.11d TD ¢=0, m D peak 23 Z 11
), 2D event (& EFLD & 9 % cut TR TFAITEL R0 d, JetMET trigger %> 7z event
IR L. Leading Jet 28LA N D cut 2fi7z 9 2 & 23K T 5,
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5.12: Leading Jet pr > 140 GeV. Missing Er> 120 GeV, A¢ >1.5 O cut Z» ). |n|>
2.4 DFIHD Jet IZDWTHAD D, NWERIITERD cut 2301755 0w, %< D fake jet
DD foharge PV 72\ event, fmax 23K E > event 3%\,

DL ED cut 223 725054 HM 5.14a, 5.14b, 5.14c. 5.14d TH %,

BRIREZR kinematic selection

Multi-jet event (/" Fr ¥ 2 F 4 4 —I12E W T d K E % background TH %, Multi-jet event
13 Missing Ep 2VNS K b7, KRENTTHERKT % large Missing Ep OERZ w7\, Ll
%6, Missing Er @ resolution ° Jet @ I %)L ¥ —® mismeasured 7 & D 7212, Missing Er
MDRECRZZZEDH D, ZOXIBHREELTLOIC,

e min(d¢ (Leading Jet, Missing Er), d¢ (SubLeading Jet, Missing Er)) > 1.5

ZHRT %, T 2T Leading Jet L1, b pr DiE Jet, SubLeading Jet & 1% 2 HHIZ pr 255
W et ®Z & TH%, Multi-jet events DRFIL, subleading jet & Missing Er 23F U A% [ 2
EWLWID, D cut THDS % (X5.14¢),

F 7, AfEHTTH =77y & LT3 signal I3 lepton Z U L7 \>, — T, high pr Jet+large
Missing Er @ event & L TIZ W — v 8k b %>, D background %2 & 37 ® 12, lepton 73
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ATLAS 2015-06-13 18:59:32 UTC source: JiveXML_267638_64379604 run:267638 ev:64379604 lumiBlock:413 Atlantis

- j Fﬁﬂiﬁm’ﬁq B

5.13: non-collision background @ EventDisplay. #80 YJ X —% O —#IZ DA K Z 7% energy
deposit 3% %,

BB ERERT S,
¥ 7. trigger @ efficiency DAEWZ /NI K T 572012, Jet pr & Missing Er D cut % trigger
TERLMELD bEL,

1. Jet pr > 140 GeV
2. Missing Fp> 140 GeV

28K 5,

25 D selection TH - 7z event 23X 5.15a, 5.15b, 5.15¢c TH %, F 744 selection THE - 7z
event % data & MC THILL 72 D23 5.3 TH %, Kinematic selection 2l > 7z event DN, &K
D fraction Z HDBEDH Z — vv event THDH I L3005, LL, Z — vv IZARMHTTEKT
% X9 % track 2RI W d, KIT fraction 23K E W W — 7 event 23E % background & 7% %,

% 7z, high pr Jet, large Missing Er DFHIE T, data O##E2 S5 %, 2 #11% non-collision
backgroud DFHEROTPIEK > TV LD TH S (X15.16), ZOEBIFHEITHL I L, F7,
Z @ background & track ZI1F LA EEI R EDE, TOHRIC K ZERMENZERADOFEILIE
I,

5.4 Disappearing Track Selection

track 2SBHER DB TIH A7 Z & 2 RAET 57201,
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5.15: Kinematic cut %l > 7z event ® kinematic 77, b %> backgound 1& Z — vv
event TH O, 2HFHICKRELREFLII W — v TH 5,

DEIFICH B Z E#FRT 3B,
B ORI HFED track 2% L $7-0.

o AR, (track, Jets (pr > 50 GeV)) > 0.4
o AR,in(track, Electrons ) > 0.4

o AR,in(track, Muons ) > 0.4

o AR, (track, MS tracks ) > 0.4
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5.16: Kinematic cut Zil > 728 D feharge/ fmax o feharge/ fmax 2MEV & AT, data &
MC 23&-> Ty, Ziu, Bad Jet 28 data 12> T3 Z L ZRLTWw5,

2 5.3: Cut Flow, signal i m=400 GeV, 3.3 fb~! T,

Cut DM ‘ data ‘ Signal ‘ W—ev | W= | W10 ‘ 7 — 00 ‘ Z — vv ‘ multi-jet

top ‘

trigger 1.6x107 | 2.1x10% | 1.8x10° | 3.7x10° | 2.5x10° | 6.6x10* | 2.9x10° | 8.5%x10°% | 2.0x10°
Jet Cleaning | 9.0x10° | 1.9x10% | 1.5x10° | 3.4x10° | 2.3x10° | 6.0x10* | 2.6x10° | 7.5x10% | 1.9x10°
Lepton veto | 8.4x10° | 1.9x10% | 5.7x10* | 8.3x10* | 1.8x10° | 9.3x10% | 2.6x10° | 7.4x10% | 7.0x10*

Abmin 1.4x108 | 1.8x10% | 4.3x10* | 6.5x10* | 1.3x10° | 5.4x10° | 2.2x10° | 1.0x106 | 3.7x10%
Leading jet pr | 1.1x10% | 1.3x10% | 2.3x10* | 3.5x10% | 7.4x10* | 3.0x10% | 1.2x10° | 8.6x10° | 2.1x10%

Emiss 2.3x10° | 1.2x10% | 1.6x10* | 2.3x10% | 5.2x10* | 1.7x10% | 1.0x105 | 2.1x10* | 1.4x10*
| faction (%) | - | - | 69 9.8 225 | 07 | 445 | o4 | 62 |
2RI 2,

WE O track ZFRINT 2720, W DODDRF X =8 T cut ZH U}, track D quality % ik
5,
hit B2 b0 E LT,

1. Pixel #H#5TD hit 231 DAL

2. WEOE 7 2 RRIEEIC hit 23S, 22202 ZIThit 23H 5 2 &
3. Ganged pixel IZ X % ghost hit 2372\ 2 &

4. hole 2372\ Z &

ZYIRT 5, B TR X912 (K 4.16a), fake track 13245 D cut THS 5 2 L%
Impact Parameter IZB43 2 b D & L T,

1. |do| <0.1 mm

2. |zpsinf| <0.5 mm
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%< 5.4: Disappearing track selection CutFlow, truth matching & LT AR(track, truth)<0.05
ZHER L TWw3, signal & LCTHE 200 GeV, %1 0.4 nsec DY ¥ 7 V2 H»TWw5, F72, signal

IZB9 L T3 Kinematic cut 25 2 & 22K L Tw 3, fake track (3 hadronic tau T s,/, >10 %
FORL Tw3,
‘ Cut O ‘ signal ‘ hadronic tau | electron muon fake ‘
Reconstructed & pr > 20 GeV 1 1 1 1 1
Isolate 9.7x1071 | 6.0x1071 | 9.8x107! | 9.9x1071 | 2.3x107?
OR Jet 9.7x107! 4.5%x1071 9.4x10~" | 9.8x10~! | 1.5x107!
OR Lepton 9.6x107! | 4.4x10"! | 4.3x1072 | 1.9x1072 | 1.5x10~!
0.1 <|n <19 8.1x1071 | 3.2x107Y | 3.2x1072 | 1.5x1073 | 9.8x1072
quality 7.8x1071 | 3.0x107! | 2.3x1072 | 1.5x1073 | 6.1x1072
Hits requirement (7272 L TRT hit ®ZRi3Z L) | 7.6x1071 2.6x1071 1.4x1072 | 1.3x1073 | 2.7x1072
Impact parameter 7.6x1071 2.3x1071 1.4x1072 | 1.3x1073 | 1.9x1072
TRT hit 7.0x1071 | 2.0x1072 | 3.8x1073 | 6.7x107° | 8.8x1073

Quality Z{RAES 5 7 (T
1. Fit probability > 0.1 (IXI 4.20b)

YR T 5,
HIECTHBH L 72 X 912, Jet 1F fake track Z1ED T W72 &, track 23 Isolate L TW3 Z &, T4
bbb

o ponedd /pr < 0.04

ZERT 5, 72720, BHEICHE S track 1X. Primary vertex &R HIfTII SN T3 b DICRS, X
512, Isolate L 7z track DM, i d pr DE track DARITIZH S,
L Selection %Zi#- 7z event % Signal Region(SR) @ event & EF&T 5,

5.5 Background

AT CTEHT 2 REFMF v —Y— 2 IFH A LIRS track 27 L, »oEwil#E)E % £
D, DX % track ZAEAHT background & LT, FIiC 3 20YMEENEZ 515 (X5.17),

1. pr mismeasured : it 7z fZfEATL E o4 DIC, HAL LI TR A S track, JEWHEIY
7% high pr 2822 3D 570, KEHTICE T 2K D background TH 5,

2. "Fu ik : hadron RIS N CTIERERGELZE I L2 20lc, AL LI ICRZ S
track, low pp #HI# T3 % background & 7% %,

3. L7 hvik: L7 by RICHBRDO/NS WEFOHEBSE 2K TR E L THILT 5 2 i
k0. 2ofmERESHMIFoNIDIC, HATLXIICRZ S track, AFITICE W TIEZ
NIEEEDL R, ZOFLEBMETZ2HRETH S,

high pr ZFOHRRIFD background Z KD 57 DHI1Z, T35 3 DDMWEFED background 734 A
M9 track pr i % E data 225 H#EE L. Z D pr spectrum % V> % Z & T high ppr FHIEDIHE I
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¥ background % FfES 5, Z DI, signal & 49, background D A2%H 5 selection(Control

Region(CR)) z & L. Z DI TD 704 2 Hv> T Signal Region TD pp D2 HEET 5, 7272
L. SCT hit @7 \» pixel-only-track IZ2W T3 HREREZ%ET 5, &¥7% 51X, pr resolution 73
EFICE P TH DL, Z2D7®, low pr background (hadron background, lepton background)
IZ2WTld, SCT hit 282 ML EdH % 2 &2 ERK L WHEERRIFICOWTEZ S, —J7 T, high pr

background (pr mismeasured background) I22WCi%, JEWBNZ track TH Y. pr AL, pr
iam 9 5 ). pixel-only-track % & T background

resolution, SCT hit 12 L 2\ 72 & (5.5.1 HH Tk
DFHliZ 79, ZOHiTIX, T35 D background @ track pr A DHEE HIEIZOWTELET 3

a8
ot

Ayﬂ‘//
\

A

~
)
~
)
~
2
~
W/

(¢) pr mismeasured

()0()0

(a) hadron (b) lepton

5.17: Disappearing track & 7 % background, XI'F2>5 . Pixel #ithigh, SCT fitigs, TRT

a2 R T, 1 ROFHRIIYHEN R FEN T2 2T, HOomIE&MmHERTo hit TH %,
(b) : lepton A3llE)

(a) : hadron 2SFEMIERGELZEE Z L. track 2N A 72 X 9T % b D,
Mo HZRATLE iz, B

HPHELIC LD WA K IICRZ2b D, (o) :
IZEV pr 28D X 9 18k o 7 track(FRRAYFREL S 1172 track),

5.5.1 ppr mismeasured background
High pr #Tlx SM model HZRDOYBN 7 track IZIEF IR, £, A Y XA —FITKE
BRIINX—ZIFELETDICYHA 7Y 27 F (Jet ® Lepton) & L THENINP TV, ZD%
&, Jet % Lepton & ® Overlap Z /.5 Z &2k D, 2D X9 % background 137% & F 2 ETE 3,
it > T, high pr FEIECEUH S 12 WRREFD background (&, FEVERAZLAIC L > TEL DD

“N =

Thd, 518 DEkHic, EHoliltLEZHEATLE 70
WEHDSEIR SN 2 DD 5, TD L) RFIFRDY, T OWHEMD I % background TH 5,

. BEOMGEEIR XD b@ENICKRE
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5.18: mismeasured track candidate (¥ data 2>5), ZRDOFEDY high pt disappearing track T
SCT & 2 J§H £ T hit 2% %, fkEDild shared hit TH %, vX v ¥ L1 low pt track T
H Y. pixel I hit 23780,

mismeasured track DFEIR

pr mismeasured track I3#% > 7 fiFA L2 HEATL o 7% track TH B, 2D X % track 23 TE
HHERIE, track A D @ hit BEIKET 2, 20720, FC Jet HORL T2 pr mismeasured track
IHER DI,

Z7tT @ MC sample T 7 %% hadron IZHiE$ % event # H\» T, Disappearing track selection %
WD track, F7ZDW, P S 172 track 23 high pr (pr > 100 GeV) L% 2 b D% plot L7z
DHK 5.19a, 5.19b, 5.20a, 5.20b TH %,

5.19a. 5.19b 7*5 ., high pr & 7% % background 13, low pr ? track #% hit Zi#-> THATL
Fo%dIZ, highpr Kk bDTHD bbb, £, || Hfi%xkl5 L, mismeasured track
X | DBIRE W TRICE K o T3, T4k, forward FEI% T Id hit O BREEDSHI IR W
2L, WED forward ST W Z EDFERAE LT RETF6NS,

F ¥ —I—/ track & mismeasured track DL * Control Region Selection MRE
MC sample % >, hadronic tau H2K® mismeasured track &7 ¥ —3— / track ® track
property % g L 7z,

1. track pr > 100 GeV

2. pixel hit 2 > 1

3. TRT hit £t < 5

4. 8q/p <3 (F¥——/ sample D#H)
D cut Z0FCHIEL72b DK 5.21 TH S,

do FARICHEZF B VDR S5, Z4Ud. pr mismeasured track (&, #o i EfEA TV S
B, dy BREGIIZEDPTONETHZ, AT, Signal(Fr—Y—/) @ |do| HZDIFEAL
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Count

10

-

Disappearing track selection
o and prTeconszrucled>100Gev

o Disappearing track selection
° All

Cod vl 4

FATLAS Simulation |,

30 40 50 60 7080 100

300 400 500
P, [GeV]

n
200 1000

(a) Reconstructed track pr

Count

10

uﬂ URRLLL AL I YRR T URALLL

Disappearing track selection
o and prTeconstrumed>lOOG eV

o Disappearing track selection
° All

HM \\\\HM \\\\HM \\\\HM \\\\HM \\\\HM

300 400 500
truth P, [GeV]

200 10

(b) truth pr

5.19: high pr mismeasured track & 72 % track ® pr i, i\ pr % reconstructed
track 1 low pr particle HRTH 2 Z &30 %, EHD pr D5E\OKFIE calorimeter (2K &
7z energy V& & 720, Jet & L THIL I 17 (| disappearing track selection % il &

00

AR
£ A B T A A z T R R N
S (o1 q oroo 0000000 o o000 o000, o 8 Fo g ore—o e 014 ore
8] ] L ]
10° Disappearing track selection— 0 e Disappearing track selection 5
E ® and prTeconszmcted>100G eV E E ® and prTeconsuuued>loOG eV 3
L » Disappeasing track selection | e e leg o o aring track sélection_|
X E o Al E
10° = = F =
B ] 107 =
0 E ; 1
E E 10 | ‘+ . 3
H R E [ 9
10 - F B
FATLAS Simulation |, L EATLAS Simulation [ L 3
-25 -2 -15 -1 -0.5 0 0.5 1 15 2 25 -25 -2 -15 -1 -0.5 0 05 1 15 2 25
n truth n
(a) Reconstructed track n (b) truth n

5.20: high pr mismeasured track & 7 % track @ n 434fi, mismeasured track {3 |n| 23K

EVRHDDBL e, THUE, |n] BIREGHEHIRTYWEDSS - & |n] 23K E > & hit [ ORI
IR 7012, BT mZ2RIP T A->TLE ) 2 EIGERT %,

250.1 mm AN ICIEF->Tw 3,
D5, Signal Region @ track pr FAIZHEE T 272 DIT, |do| PR E > event, Tab b,
Disappearing track selection T dy cut DA% ZH L 72

1. 0.lmm < |dp| < 10.0mm

%723 event % Control Region event & L Ti#.5,
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- - 0l
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é r e background ] § E B
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- — E e background B
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FATLAS Simulation |, ‘ e FATLAS Simulation o 3
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by E © chargino 3 by E e chargino 3
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(e) nSCTHits (f) Quality

5.21: ¥ ¥ —Y—/ track & mismeasured track @ track property 734 D g, dy 73461
FRHCRE LR A S L, |do| 23K E R HIHIC 1T signal 1213 & A ER\,

Signal Region & Control Region T® pr distribution M LLEE

MC sample % F\» T, Signal Region & Control Region T pr spectrum % HiE L 72 & D 23]
522 TH %, low pr #IHTIX, IEL < hit ZFEA K track DBUZEDNTE 70, pr DARICAED D 5
D3, pr > 70 GeV ORI T, MFDSMIT LIS L T35,

F 7. SCT hit HDOE VI K D pr DADOENE Rz DH, X 5.23a, 5.23b TH %, pr mis-
measrued track 1% pr DSIEVERI 2 fH % £ track TH D, pr resolution IZ L > TZDFIFED S
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s, 2078, SCT Hit B & % pr DA ~DHEIZ D,

= = =
> ]
8 & ]
£ E e Control Region 3
<] = e Signal Region 7
= e ]
107t = =
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107 = =
10 = =
,[ATLAS Simulation B
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P, [GeV]

5.22: Signal Region & Control Region ® track pr 77 DL, high pr #EIEK TIE Signal
Region & Control Region T pr shape 27213 L & 4172\,

T
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[

Tracks [/GeV]

® SCT=2
e SCT=0,1

® SCT=2
e SCT=0,1
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5
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.
5}
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FATLAS Simulation, | N I i 1 ' FATLAS Simulation, | ] L
30 40 50 60 7080 100 200 300 400 500 1000 30 40 50 60 7080 100 200 300 400 500 1000
p, [GeV] p_[GeV]
(a) Signal Region (b) Control Region

5.23: %73 % SCT hit B2 X % pr FMDOHE, pr > 100 GeV Bl LD track B THIEL L
ThHs, £556D Region TH, SCT hit B2 X % pr FADEOTIUI RS\,

£ data @ Control Region
Signal Region ® high pr TO3 i % R % 72 HIZHE data D Control Region T pr spectrum %
fit L7 (X15.24), pr spectrum OBIEIE & L TiZ

fla) =2 (5.3)

Wz, £/, fit HPHIZ. pr % mismeasured L TWLZRVEE D track DFGZHS T72dD, pr
> 70 GeV & L7z, fit 87 XA—=%133 5.5,
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O_+_\ TTTT

Tracks [/GeV]

.+_
.+.
Lol

10"

TLAS Work in progress
\s=13TeV, 3.3

-
S
s

\HH% T \HHH‘

| L
10° 10°

p, [GeV]

5.24: % data Control Region T track pr 234, pr > 70 GeV T fit L T3,

7% 5.5: mismeasured Control Region fit parameter
LR fill
ag 1.89 £ 0.12

%< 5.6: Signal Region T®D pixel—only—tmck(NpsifCl only) PHEET L, Control Region T pixel-only-
track DHE (Npixel only/Nngor>2) %K. Signal Region TD Nger > 2 @ background track
B(NRJE ;) & shape Z )T\ 7 fitting iIC X > TRk 5, WiH2#THbES LT NIE) o %
9,

Signal Region | Control Region

plxel only pixel only Npixel only
SR CR
NSCT 2 2 NNSCTZ2 NNSCTZ2

pixel-only-track @ background ¥

pixel-only-track (% p resolution 23 < | low pr background @ pr spectrum %% Signal Region
& Control Region TR Z { Z1fLT %729, Signal Region T pr shape % fit 3 % F¥L T high pr
mismeasurd track background % WAEdH 2 2 EDEEL v, Z D7 &, Signal Region IZ A % pixel-
only-track @ background DHEE Fik & L Tlk, shape Z H 7z fit THEZHEE T 2 FHETIE R L,
4 mismeasured track (2% 9 % pixel-only-track OEI&GZHEE T2 2 LIk D, pixel-only-track @
background (% FHHE 3 % (% 5.6).
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MC sample % H\>T, Signal Region & Control Region @ SCT Hit #7340 % ik L 72 d D D3]
5.25a CTd %, Signal Region & Contral Region ? selection D&\ % dy DA TH %55, SCT Hit
BOFMICHRELZITEENL D,

MC %5 3K & 72 pixel-only-track ®#|& & H data @ Control Region 2> 5 R & 7z pixel-only-track
DA % H T data @ Signal Region T pixel-only-track O#El&% I TFOXICHE> TR T %,

N(data, SR, SCThits < 1) _ N(data, CR,SCThits < 1) <N(MC, SR, SCThits < 1) , N(MC, CR, SCThits < 1)

N(data, SR, SCThits > 2)  N(data, CR, SCThits > 2) X N(MC, SR, SCThits > 2) /N(MC, CR, SCThits > 2)

=0.64+0.25

7272 L. MC sample (ZH 2D alignhment D XL 7 £ L D FEEED data % IEMEICIZFRELL 22\,
Z®D7=%, MC sample > 53K 7 Signal Region & Contral Region @ SCT hit B Aa DAY, 465
D data TIFZLT 2 A[EEMED D 5, 206 O RHRAIZEKNIC alignment 2§ & L 72 geometry
Z MW T tracking 2 LIES & & L CiHiZ 1T XETH 205, T 2 TlE, RFINIC 50% O RfiatE
MHbHETD, Tiabb,

N(data, SR, SCThits < 1)

: =0.64+0.41
N(data, SR, SCThits > 2)
£E9 5%,
= S B - z
S, = ! <] i
@ = 7 o
3 £ Control Region
= L e Signal Region
A’Aﬂ i 10— Control Region -
g ‘ E F ]
L | ‘ - | i
102 0 —
F [ E
& apa el ] . _
r M 7] F ATLAS Work in progress -
FATLAS Simulation | [ T I S R B R 1\5:‘1?’-[6‘\/"3:?1%;1‘ 1]
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
number of SCT hits number of SCT hits
(a) MC (b) data

5.25: Signal Region & Control Region @ SCT hit 853 O ML (pr > 100 GeV)

5.5.2 hadron background

hadron 25HH#R N THGELT % 7 & L T, TRT ~® extrapolation 233 % & | Disappearing
track candidate 1272 %, hadron 2 &N CIEMMERGELZ T 2 WER I pr ITHKAEL 0D T, Bl
BFICIE L S REFDSFRERR S 1172 track 2 T, INFIARERE HHER N THGEL L 72 track @ pr shape
ZHEET B,

Track selection & L Cl&, Hi¥H® Disappearing track selection & [A%D b D% H\> 225, JHEH D
BGEL L T Wi 7254 729, SCT Mg, TRT MILERIC hit 23 +71cdh 5 2 &, £/, hadron
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track 7217 25T 72 (electron/muon 27 £ T70) 12, B BPREWI L, Au Y X —=FI+57
7% energy deposit 23 5 Z & 2 KT 5,
Disappearing track selection 2> & D% pi 1

1. TRT Hit % > 15

2. SCT Hit # > 6

3. E$me20 > 10.0 GeV

4. Erfpl“s‘lo / track pr > 0.6

T%%o

Signal Region & Control Region @ pr 3 DELE

MC sample(Z — 77) 2> 7T, Signal Region & Control Region @ pr 73 % K L 72 b D3
5.26 Td %, Signal Region & Control Region T pyr ZHICA LA 5,

Zti, Control Region TEK T % Cut Tpr FMICHEZIZTHDDDH 57D TH 5,

e Jet &£ D Overlap
Signal Region 127 % track (&, % < SNIEBMREME LA N CIEMEEGELL 72 b DThH B, 2D
72&, WL L 222> 72 hadron &R L T, Jet ZES &\, DL I Jet D ppr DSIEL
BRI T ECHEBO N TLE) 2B, 2D, 50 GeV L) ALy aL K
fHE<TIE, BELL 28T, T4 B Signal Region @ track DA% (S 2 L1k %, Jet
& @ Overlap Removal % L &> 72RO 3403, X 5.27 TH 5,

e TRT hit
Signal Region & Control Region O |n| 774z L7 b DA 528 TH %, TRT Bt
Barrel & End cap DD T hit 8034 7% %%, ZD7- &, Signal Region Tld, Z D
18T TRT ~® extrapolation 23K 2HERDE S 2 D n] 12X % bias 3FAT 5,

e cluster energy
background Zv% & 72 DICER L ARV A= I FRAF—DIZFNLX—TD cut b pr 7
MICHEZE XITT, B2V —2ERT 2513 L, pr spectrum (& hard IC4 %,

NS DHERE DM, FFIZ Jet D Overlap 12X 2 b DIk, KE 7% bias 23000 pr FHBET %,

Z D78, Signal Region T pr 74z H T 7212, Control Region TD pp 734G IZHIIEZ 221
%, MC 253K 7 Signal Region & Control Region Dt (X 5.29) Z H\> T, pr I weight %
2T T it 2179,

£ data @ Control Region
data Control Region % MC %> 5 K& 7z Scale factor THIE L 72#. fit L C. pr shape Z Ko

%, BBOBE L,
f(x) = g0 loe(®) (5.4)
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5.26: Control Region & Signal Region
D pr FHOHEL, high pr I THMH DI

ZFnBiRonz,

Tracks [a.u.]

o
-

5.27: Jet & @ Overlap Removal % L 7%
Do 72K D . Control Region & Signal Re-
gion @ pr DK, Jet & D Overlap
b o (M5.26) L HEKT % & high
pr TR T UL RS 1L v,
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5.28: Control Region & Signal Region T® |n| 3D L, TRT hit DERD 720 |n]

WZNA T AP0 5,
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5.29: MC sample 2» 5 K& 7z Control Region & Signal Region @ Scale Factor, Signal
Region Tl Jet & ® Overlap 23222 D 95\ 728, Control Region @ track & H %< %&

%,

% >, unbinned likelihood 12 X b fit ZfTo 7z, K 5.30 23 fit §EHTH %, fit L7ZBFDI/8T X —
FOMEEZDLT7—I1FRBTDEEYDTHS, £/, fit LEFFOZI—<FY v 7 R

Elrol,

2.851

aWWm%):<OMW1 0.05829

0.4071 ) (5.5)

10

Tracks [/GeV]

10%

10

.

FATLAS Work in progress
- Vs=13TeV, 3.3fb™

5.30: hadron Control Region T pr 77fi% fit L72d D
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% 5.7: hadron Control Region fit parameter
B A il
ag 1.9 £ 1.7
a1 0.90 &+ 0.24

5.5.3 Lepton background

Lepton 23R EANCTHELT 2. b L BHIEBH 2RI T4 E L TZ DMK E C iz &,
Disappearing track candidate (272D 9 %, electron (FA VY X —FICRKRERIFNF %K LT
72®. Signal Region IZ A % electron & low pr Db DWBIFLEAETH S, —JT, muon (TAH 1Y
A= TCOIF LT —HBEBZNZEKRE 272, high pr muon b Disappearing track 1272
D9%, L2L, muon (FEHEPRKZWVWAORKEZLEELZEZ LIZC K, HEMRBFE ZRDIZ Wi
&, HAXIZ Signal Region (2% b DIZIEH I 7\,

lepton 12 £ % background % A& D % 72912, lepton 2% Disappearing track candidate 127 % fiff
H (PYs) % | Tag&Probe I & h k@72, F72, Kinematic cut %3 5 truth lepton D34 % data
POHEEL, MHEZEITHHOES Z LT, Signal Region T background % HfEd 5, Thabb,

dis
NSignal Region — NKinematic cut X P (56)

& L T Signal Region T lepton background % K& %,

Disappearing track selection %8 % s

Lepton #° Disappearing track selection %l 2 ¥ % Z — (0 FR% H\»7: Tag&Probe £ & >
TR, 2Tl Tag &£ LT, Quality DR\ (Tight quality cut Zi#i-> 7z) lepton, Probe & L
T, electron DEEITEHEA TV XA —F 27 5 2% muon DH{3id, Muon Spectrometer Track(MS
track &BE9) Z MW7z, tag & probe TEHEZFHA ZRFIZ Z boson D'E & (91GeV) IZIE W IRFZ,
5D Z boson DHIEIC K DR TE D, probe fllICED lepton 23R T 5 2 & Z2{RGET 5, 2D
probe lepton il V) C disappearing track candidate Z#£L . lepton 2% disappearing track I 7 % fiff
BrRol,

Electron

DUF D X9 ICHRZ2EINT 5,

e single electron trigger
® |Miag probe — 91GeV| < 5GeV
e probe condition
— pr > 15 GeV
- 0.1<n<19
e tag condition

— tight quality
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— pr > 40 GeV
— 1.37 < |n|< 1.52 O (crack region(2 EZM)) Ik W I &
o data DEH I Ag(tag, probe) > 1.5

KIFEHT T re-tracking 2179 722, Rk T—% - 73—y FBRETH D | 5 data DHIF
L — MCHlRD 225, T D Tag&Probe TH\» 2% Z — €l event data 121X A¢(tag, probe) > 1.5
?D selection 2975 2 T, L—FZHIL T 3,

Z D selection Zi# % event % plot L7z b DHK 531 TH 2, EWARY X—F 7 FAF —IF Jet
23 fake ZED T VD, 10% B, W(— ev)+jet HRD 6 DEL DD 5,

3 10°F =
3 = Ztautau =
- -« Zmumu b

- Zee -

o * Wtanu |

- Wmunu

104 - Wenu -
10°E =
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5.31: Tag&Probe (Electron) TD Miag probe 7o 91 GeV fFIEIC Z boson D peak 35,
Z%, —HTWHKRD event b 1 HIFLEHFET S,

% data 25 Electron 2% Disappearing track 272 2R ZH L 72 b D2Y, X 532b TH 5, —H
T, MC 25 Electron 2° Disappearing track (27 2 %2 H L 72 b D23 5.33b TH %,

low pr #EEkIZ WHjet DFGBIKRE WD, data 2 6RKD7HDIEMC L) /IS HED 1
TLE->TWw3, 22 TlE, MC simulation Df5H % {#iv>, Signal Region T® lepton background
zZ g,

Muon
Disappearing track selection T MS track 2%t { 12 % track Z Veto %, ZD7&®, Muon D

background {3 ‘ ' '
Pl = Pr(liclvi MS track veto ’ P track misld (57)

POoRD S, TN RIS track & MS track OF RS2 M @R ch s 2 L2 e
T3, MS track 23 misld § 2#ER1Z MC 226K 5,
Pis e ek voto RO BT PUT D &) IcHR 28T 2,

e single muon trigger
o 80GeV < Miag probe < 100GeV

e probe condition
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(a) 4= event isappearing track selection % @ > (b) Disappearing track candidate I27 % fE%
event

5.32: % data I2%f L T, Tag&Probe (Electron) T35 #17z Disappearing track candidate

& 72 BifEF#, high pr electron X Jet % Electron & L CTHHERK S 1159 272 &, Disappearing

track candidate 121372 DD 5\,

g
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a) 4 event & Disappearing track selection %@ 7z
(2) . PP & (b) Disappearing track candidate iZ 7% % i3
even

5.33: MC 2> 515 5 417z Disappearing track candidate & 7 2 fE¥, Tag&Probe % H\>7%
WT, BEL TV, datah6RDZHD XD HEWEE &> T3,

— pr > 15 GeV
- 0.1< /< 1.9
e tag condition
— tight quality
— pr > 40 GeV
o data DEHIE Ag(tag, probe) > 1.5

Ag(tag, probe) > 1.5 @ selection % 221} 2B IZ DT Electron D& LR LU TH %,
Z @ selection Zi# % event % plot L7 b D23X 5.34 TH 5, MS track 1. pr resolution 23%H
¥ D B 20D, background I electron & R L TIEF ARV, 207D, W — v 925 DFHL



5.5 Background 81

IFIEHITE B,
‘E F T ‘ T T ‘ L E
> , -
8 * Ztautau N
I * Zmumu N
4l Zee |
10 E * Wtanu E
C = Wmunu ]
C « Wenu n
10° £ =
107 E
ATLAS Simu .
[ TR B
100 20 40 60 80 100 120 140 160 180 200
MTag, Probe [GeV]
5.34: Tag&Probe (Muon) TD Miag probe A
dis S . N 3
F data *5 PSS s track veto & KD T2 DDA, 5.35b TH 5,

Count

Disappearing track selection
° Al

10*

Probability

10

h g
Lol

107

v il vl ]

=
S
T \HHH‘
I

>
3
—
>
"
9]
3
c
Y

-
[
L

ATLAS Simulation 7
| L L L Lo

3‘0 4‘0 5‘0 6‘0 7‘0 8‘0 ‘100 200 300 400 500 1000
p. [GeV]

. . . F—
10 10°
Zmumu Probe Pt [GeV]

t & Di ing track selection % - 7z
(a) % even 1sappearing track selechion €82 (b) Disappearing track candidate 127 % 3
event
5.35: Tag&Probe (Muon) T# 5 417z Disappearing track candidate & 7 2=, Muon
AV XA —=FICKRERIFNVX =%V L IRV, high pr T disappearing track
candidate 1270 9 %,

MC % Fiv>¢ pMS track misld % 3k 9y 22 D 23[%] 5.36b TdH %, Z ZTlE. truth muon & associate
L Tw 2 NEBTREFMR &R track 120 L. WEREMR IS track & MS track O FHEEDS AR < 0.4 %
7z I \b D%, MS track 237\ track £ L TERELTWS, 2D 5, Disappearing track
selection ® cut AR >0.4 T PMS track misld 13 351073 L 222 5 ~ 1 THIEREBH & track
& MS track @ matchng IZRMT 2RI O DIE, T OFERTHEGI R B->TED, AR<0.4
DEMEPENND ZENLVTDTH S,
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(a) 4 event & MS track %Z misID L 7z event (b) MS track % misID 7 2

5.37: MC 2*5 K& 7z truth muon 2% L TD MS track PR Z RS 21EH (n KENE),
In|~1 fHEIE. b a4 FOVEEA ORGSR FERICRHIE LT 3, 81258472 ® muon 3K
E CHIDY D . IR 28 track & MS track @ An 3KRE LS o TL v, AR <04 D5
Er ol £9,

Kinematic selection Z3&% Lepton pr 936

A&HIIC Signal Region 124% % lepton background % HiE S % 72 ® . kinematic selection % il 5
event 1D lepton 731 % K %, kinematic selection Tl lepton veto Z#RK L TWw7z23, 2T
%, 120 tight lepton 23% % &\ 9 FEFICEZ 5,

¥ 72, Missing Er DilH. X, Missing Er 75 lepton DF LG ZRW-b D29, Thbb,
lepton SR I N2> 57 b D & L T Missing Er Z BT %, Z4uid, Signal Region IZA %
event % lepton % missId L 7 Missing Er T kinematic selection 217> T¥ D, FFIZ muon (2D
WTIEABY XA—=FANDIZFNX—HRIWNZI 72, Missing Er DIEICKE B D757 572
OTHb,
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2.5 ?D kinematic selection % - 7z lepton D434 H3X 5.38a. 5.38b T %, Electron & Muon
v/\%ﬁ@ﬂé@éw lZ. Missing Ep DatHEIEDE WD LR TS

Z.MC 268 H L 72 lepton @ reconstruction efﬁmency D% H>1F T kinematic selection
%o 7z lepton D pr Az RD %,

T UL T T T 1T ‘E 4
* Winu 7 310
-z o
 top
DiBoson 3
* data(3.3fb™) J

L T T T T 1T
* Winu

Count

= ZIl

o top
DiBoson

+ data(3.3fb™)
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102 3
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¥ 5.38: Electron / Muon pr 774, Electron & Muon T i D35 7% 5 D 1%, Missing

Er DR P ITE DD 5720 TdH %, high pr #I5T MC & data IZTNBELTR5D
13, high pr T? scale factor M2t N TV W7D TH 5,

Signal Region lepton Background

Z 2 ¥ T TR kinematic selection Zi# % lepton D pr 734, & L U lepton 2% Disappearing

track selection % il 2 ifE#)> 5 . Signal Region 12%% % lepton background % K& 7z b D 23X 5.39a.
5.39b TH 5,

5.6 FRffiiRE
Signal sample DRI AEE L TUTDOLDEZERET %,

e cross section

e initial state radiation / final state radiation

e 47 luminosity

cross section DRfat7Z X, PDF ¥ ay DT R VX — A7 — VOANEWED» SFHE I NS, SR
7z sample Tl&, EH& 200 GeV D sample (X L T 6.5% . EH&E 400 GeV @ sample (2% L T 6.4%
DRMFIRAEDEED 61T 5, ISR/FSR OAREEICOWTIE, #7425 MC Generator Z JH\»>TH
a3 HRETH 22, ZlE Runl OENT TR 72 RFERAE (10-17% ) 225 HEE L. 20% DRH
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5.39: Signal Region IZ A% lepton background, electron (% low pr T% { Signal Region
I2% %, —4 muon & high pr track 7% Signal Region (2385 23, Z D% pr > 100 GeV T
1 event Kiiii TH %,

MMAZZ O 5, B luminosity DFRFAEIZ, (28] L AERD THEIC K o> CEHii S TR D . SRl DfiENT
T 5% DENHEBS ShTw s,

5.7 BEIRFE
23 D DF k% T signal model (X9 5iHlRZ D) %,

1. Background shape % H\>C ppr 7fi4d8% fit L., signal Di8JE % K& 2 Fi% (full pr range
fit)

2. 5% pr LMD pr 74i% fit L, fit B4%% high ppr $EEICHME T % 2 &£ T high pr track @
BefE L., Wiy % Tk (counting)

Background @ pr shape (& 241 ¥ TIZi& L 72 pr mismeasured, hadron, electron, muon ®
pr shape(¥ 5.30, pr mismeasured background 13[4 5.24. electron backround (%X 5.39a, muon
background (X 5.39b) Z > %,

5.7.1 full pr range fit

pixel-only-track |& pr resolution 23\ 272 & low pr FHIED background @ pr shape % data >
LHEDZZ LML, 22T, 22T SCT hit #2352 ML ED track IZfR> T pr shape TD
fit 2479,
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Likelihood
fit 1% unbinnd extended maximum likelihood “T479 . likelihood BA%t & L Tl

L(nhynmaneanuaﬂs‘{pT}i) = POiS(ndata|nall) : H Lshape(pT,i;nhanmvnevnuvﬂs) : Lsys(ehaemvnevnuvns)
i€data
Nall — nh+nm+ne+nu+ﬂs * Mg

nhfh(pT; 0_};) + nmfm(pT7 em) + nefe(pT) + nuf,u(pT) + ﬂsnsfs(pT)
Nall
Lsys - Nh(9717 C@’;L) . Nm(am; Aen’L) . Ne(ne; Ane) : N/L(nu; An,u) : Nc(n.ﬁ Ane)

ny @ hadron background DX

Ny pr mismeasured background D#K

Lshape —

ne : electron background D%
n, : muon background D
ns : model 2> H5HIFFI 115 signal D
Cq - hadronControlRegion T®fit error
A, : prmismeasuredControlRegion T?Dfit error
An, : electron D error
An,, : muon ® error
Ang : signal DD error

ZHWS, 22T, NREEEDA 7 A34iTH D, Control Region TR 7 fit parameter 72 £
ZHIRT 2, ps Z> 7P NVOBETHD, ETNVDOFETHETu=1%,7%%, electron, muon,
signal DD AEMIZDOVTIE, ZDERDE (ne,ny,ns) DAEEE LTHHEZ T 5,

g7 —49 ZR\ I fitting

Control Region T3 ® 7z pr shape TIE L \» fitting 2MTZ2 % 2 L 2R T 572D, BT — % 21F
JK L. fitting #47-> 72, T 2T, hadron background %% 500 events, py mismeasured background
23 100 events, signal I3E &2 200 GeV, FEm@md30.4 nsec DF ¥ —Y— /035 L HT—5 %
otz ps D0 DAL 1 OHAETI100 M fit 2L, ZDfEH% plot L7z DD 5.40 TH B, ¥
TFNVOAMICBD S, IEL W fit BfTA TR 5,

Limit DFHEAE
M & (Test statistic) ZLA N D X ICERT %,

n L) 5 g

L(0,6(0)) (5.8)
Qu =19 _o1y Lb(w) 5 5.
K 21n L(a.0) 0<pp<p
0 o> p

S 00). O(p) BENEN, p 2EEL 20, BAHEERTH S, L, 0) 35 FHE L
VIR ORLHEERTH %,
BN S 17 data B3, & BIKE L 72 Model TRUBT & TWv2 %2> £ 9 %213 Confidence Level (CL) %
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5 H RN

FHCTHIWTT %5, & 5 signal model Z{K7E L 721K CL & p-value Z H\>T

CLgty = p(G, > cjzbslsignal + background) = - f(qulp)dq, (5.9)
dovs
LEFEIND, 2T, MERBDIA f(q,|pn) 3 Wilks DEHIT X D A A 2 T AiIht ) LARET
5L, 95% CLgip TD upper limit 1%

p=1-®(/q) =1—®(1.64) = 0.05 (5.10)

ED. G =1642 LB TFVEE (1) EIRETE 5,

5.7.2 counting

fit |3 unbinnd extended maximum likelihood “TfT\>, Likelihood B%iZ, full pr range fit TH
WEBDTpu=0&cLbD, T4b% signal 237\ & L T fitting 2179, 20D pr threshold
(pP™) D, Z2NZAUTOVT, " XD pr AV WHET fitting 2179 . Z D%, fitting 1<
£ o T % o 7 backgound DRIEIEZ VT, pit™ X HRE W pr ZFFD track OF%E SHF L TR
O35, 7272 L., fit 13 SCT hit 2 2 LA ED track 128 L TfTr9, T, pixel-only-track 13 low
pr track background @ pr shape D HEEDH D 3L W72 dTH 5,

% 72 5.5.1 TR & 72 mismeasured track 121} % pixel-only-track Ol % T, pixel-only-
track background D% T %,
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6.1 #ER
6.1.1 full pr range fit

Signal 2372\ & RZE L T background O AT fit Z1T7- 72 X231 6.1 TH 5, 7z, fit parameter
Ny T, e, My 1D THBY 2 FL7- DH3¥ 6.2, fit parameter DfEE ZD LT —ICOWTE LD
DH3EE 6.1 TH %, hadron background DH%EL ny, & electron background DIEEDEL n, IHEEDS
Roizh, il D background DIEBIERITBIT 15720 TH 3,

RIZ. signal % & 7 likelihood Bz T fit 217\, o7 7T VDMK (Usignal) 2
plot L7b DA 6.3a, 6.3b TH b, ELLDHBY VT NVIZOBTH S 7 F IV (Usgnar) 1& 0
EMFIETHY, 7P VORERBEEIZBI S s ho T,

signal model DFEH%ZE 2 %5, EHEDY 200 GeV & 400 GeV @ signal sample 122 T, £ lifetime
HZ CLgyy ZFTE L 2D DD 6.4a, 6.4b TH %, KD 5. signal model ~DHIR & L T,

e+ < 0.18 nsec (mﬁg = 200 GeV,95%CL)
g+ < 0.81 nsec (mg+ =400 GeV, 95%CL)

BRoN s,

72 6.1: fit parameter (Background only)

B before fit after fit
np - 440 + 42
N, - 33 £ 12
Ne 75 £+ 48 29 + 32

n, 1.0 + 1.0 1.2+ 1.0
aped 1.9+ 1.7 1.3+ 1.6
ahed | 0.90 £ 0.24 | 0.81 + 0.23
ag* | 1.89 +£0.12 | 1.91 £ 0.11
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6.3: F¥v——/ DEMIINT S pigignal PEAe fisigna1=0 (background only) & #EF /&
\(\;% %o
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(a) EfEDY 200 GeV @ signal sample (b) E#&HY400 GeV D signal sample

6.4: Fv—Y—/ DFMIINT S CLgyp DAL, ORI 5% L /NI VIR, 95% THE
HL7ET 5,

6.1.2 counting

threshold % 75 GeV, 100 GeV, 200 GeV, 500 GeV ERZE L., ZNZNUDOWT fit 217\, #
fEZ 1% background ¢ & Bl X 4172 background BUZ D W T E LD b DL 6.2 TH D, ik,
threshold % 200 GeV IZ L 72D T, signal model 12892 C L,y % plot L7z D23 6.5a,
6.5b TH 5, 200 GeV D threshold TEtHE T 5 &, SCT hit 232 LA Ed 5 2 & 2R L 72KfiZ,

e+ < 0.18 nsec (m)zli = 200 GeV,95%CL)
e+ < 0.75 nsec (mﬁ[ = 400 GeV,95%CL)
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%< 6.2: Counting i
threshold 75 GeV 100 GeV 200 GeV 500 GeV
expected number (SCT hit>2) 6.0+90 | 5748 | 3819 | 2.01 £0.85
observed number (SCT hit>2) 14 10 5 1
Fr—Y—/ (200 GeV, 0.2 nsec) (SCT hit>2) | 82+2.0 | 82+20 | 7.5+ 1.8 | 3.03 £ 0.92
expected number (SCT hit>0) 98+ 149 | 94+82 | 6.3+3.5 3.3+ 1.6
observed number (SCT hit>0) 24 16 8 3
Fr—2—/ (200 GeV, 0.2 nsec) (SCT hit>0) | 34.9 £ 7.9 | 30.9 £ 7.0 | 194 £ 4.5 | 7.9 + 2.0
E %, F7-. pixel-only-track %\ 72 RfE,
e+ < 0.13 nsec (mg+ = 200 GeV, 95%CL)
e+ < 0.68 nsec (mg+ = 400 GeV,95%CL)
&7 b full pr range fit . SCT > 2 @ track # H\>7z counting & K L T, &b EEDEORE
REk s,
_lg E ‘ E _lg = "
’ 016? ) ° E ’ F T e SCTHitz0 |
st - o . )
TR[HSEC]
(a) E&EDS 200 GeV O signal sample (b) E &2 400 GeV O signal sample
6.5: Fv¥—¥—/ DFMIINT 5 CLsyp DZAL, TOMEDI 5% £ D /NI VIR, 95% T
FTHIL 72 &£ T %, pixel-only-track Z H\>7 counting (X, FHZFMm 3T X — & 5T,
EEBR O,
6.1.3 Limit

PLED 2 DDFHED S FE L 72 signal model ~DOHIPR & HIFF I 72, MU Runl DGR % g
L72bD2K 6.6 TH S, 200 GeV D sample 22T, pixel-only-track Z M7z F¥E T, Runl
ZHZ AR SN TV S,

SCT hit 2% 2 DL ED track % i > 72 f#HrTlx. shape fit & counting, 3l ) OTFET limit % H
L7z ES 6 b IZIFAFORERIE ST 5, shape fit 2% counting & D HIEREI TR WHE L L
TlX, data 2%\ ®, pr shape Z T7ICEPE TRV EREZ NS, 5% data 3197
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2% < 72D | shape ZIEMEICIRET 5 2 £ 23T E UL, shape fit DAL counting KD HRL %3
eI NG,

I o Run2 Expected (Shape fit)
. L ©Run2 Expected (Counting & SCT hits >= 2)
o Run2 Expected (Counting & pixel-only track)
~ = Run2 Observed limit (Shape fit)
Run2 Observed limit (Counting & SCT hits >= 2)
* Run2 Observed limit (Counting & pixel-only track)
Runl Expected limit
—Runl Observed limit

‘[% [ns]
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6.6: 3.3 tb~! @ data 25145 4172 Signal model ~DHIR, FlhHF v —2— /7 OB R, #thfiios
F ¥ —Y— 7 DFMT, CLIBK% L B/37 X =8 ZHTOHR\VTWw 5, pixel-only-track % 7
counting 12 & % FIEDR O EESR ., 200 GeV OEHEZFFOF *—Y— 212 L TlE, Runl @
TR %8 2 2 f5 9 2 372, Signal Region THEIMI I 1172 data DEDHARGEIN T2 D XD HKE
Poltzd, FIRBHFEINTOREINBIFTRHDICR>TWn5,

6.2 S#D run COREFA
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