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Higgsino 0000 200 Higegs 0000000 Hy, H, 000, pi,H, 000000,

B:Higgs mixing term

0000000 Higgs00O0O (BuHHy,) 0OO0ODOO.

0000000000000000 EWscaleD0OOOOOOOODOOOO, B, xp0000
0200 Higgs0OOOODDOOO0OODDODOOOD (0000D)00000 tenB0 p0O
000000000000 0000000a0.

mSUGRAOODODO, 100GeVODOODOOODOO SUSYODOOODOODOOODOOOOO.
M0 7000, D= Mzcos23000,

m?*(§) = (2.8my )

6

(4r)
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0 1.7: Contour showing ¢, ¢ mass for A=0, tang = 10

susyoooono

gg prod. gq prod. gg prod.
9 1L e T | af? | &
g . g _ g .
g d qa g q
R
a
A

O 1.8 SUSYOoooodQo

LHCOOOOODOOOOOOO00O000,0 180000, §§, 44, g¢00000000. O
00000 §O0O¢oO000000000,0000000000

e m(g) = m(q) = 500GeV : o ~ 100pb

o m(§) =m(q) =1TeV : 0 ~ 3pb

e m(j) =m(q) =1.5TeV : 0 ~ 100fb

00000. LHCOOO luminosity O low luminisity 000 1000 10f6~' 00000, 1TeV
OsSuSsyoooooonooo,10ogo 30000000 SUSYODOoooooooo.

0 1.90 SUSY O mg —my /o 000 cross sectiond 0 0. g/G pair production 0000000
49,43, g¢0 0000000000, §/§x associate production 0, § 0 00 ¢O, gaugino(x*,
{)00000000000000,0000000 a,00 000000, §/§ pair production
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“===-~.._gluino/squark - x ass. pro
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gluino,squark pair prod. ™.
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800+

My (GeV)
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D_D_2040¢

Ag=0,tanfp =35 >0
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O 1.9: SUSY O cross section

00O cross section 0000, 000, g000 x%,x* 0000000, m, 0000000
DoOoO0oooo0oooooo.

1.2.2 SUSYUOO4ooQo

max(g.q) T

o e <= (high) Pt jet
min (g,q )
l ~—— ptjet
’)?’1‘ ‘JFZ i, éjet
& (missing) epron
Higgs->bb

O 1.10: SUSYO QO GOooO

ooooddgdgU,01i00bb0obobooobbogbog,bbod jetb0dd. mode OO
O0,lepton 0000000000. mSUGRAOO ROOOOOOOOODODOO, LSPO y?
gbooooooob,0o0bodb»000000000000000, missing Exr0000.

P 0000000000000 000000. 000000 1.11000.

e I0DDOO, m(Y) —m(xY) >m() D00, X390 10000 Xy =11l - 000
020000000. 0000 lepton0000000000000O0000. O 1.120



~t o ~0
Z:, A> Decay Mode

1000

~ — .
: B - m(Z (> m(E)
- — — h.; 4
28005 T i Zotvotzy
£ |3 BT er7
1% m(E)-m(F)>mp| BT TR
600 - nohy Decay to W/Z
i - . m(h)> Am>m(W,Z)
B > W Z;] ~p n-u( ) (
' L
400 - e
; 7 noWa
500 i I]I /__, ."'-.—:":_\'-.,-5-'.\_ \-f.:_-\';:_‘\ Amc.m(W,Z)
| I\ -0
; No EWSB B o0E
0 500 1000 1500 2000

m, (GeV)

0 1.11: x5,x°000

tanf =10, >0, A=00000,000 isolated lepton(e, ) DO OO0 . lepton d O
00 Pr > 10GeV,|n| < 2500, efficiency 0 100%00000. 100000,0000
OO0 lepton0 00 O0O0O0O0O0OOOONO.

e IOOOODO, m(x3) —m((x}) >m(R) 000, x5 —-xh0000 Higgs0ODOODODO
000. HiggssOOO h—b6b00000.00 200 b quark 000 jet(bjet) OO0 OO
Higgs 0 mass [0 reconstruct 000 . OO0, 00000000 ¥y —-xZ20000000
000000,Z0 -0 H00000000O0O0.

e HIIDDOODO, m(h) >m(X3) —m(x}) >m(2) 000, %3 -xXZ0000 ZzOOO
O00000. h—b00000000,~Z0 -0000000000,000000
O000000. Standard model 10 ZZZ 0000000000000, x0,x500
higgsino 0000 D000DO00D, Y- ¥Z00000000000000.

e IVODODOOO, m(Z)>m(x3) —m(xY)000, N0 - ffO03000000.

00000 X000 missing Br 0000, SUSYDDDODOODODODODOO, multijet + missing
Er + (leptons) OO O .
01130 10000000000 bjetd (Pr > 30GeV,|n| < 2)000 .efficiency 0 60%0

0D00000. 000000000000, 460 0000000000, §—bb,§— it0O
Dooooooooo.

1.2.3 SUSYOUOoooono
susyooooooooooao,

e 0 lepton mode
Isolated lepton DO O OO OOOO.00000O00DO,000 backgroundJ O OO .
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0 1.12: 00O lepton(e, p) O O 1.13: OO bjet O

e 1 lepton mode
Isolated lepton(e,) 0 10 0000000.00000000,00000 background
oooo.

00000o0.00000,00000000000000, backgroundJOODOOO.

0 1.140 ATLASOOOOO [3]000. 40000 tenps O 10, 30,50, 5500000000
Oooooolood 0lepton mode, 11000 1leptonmode D0 OO OOOODO, 00000
my, 0000000, SUSYOOOOOOoo0o. 0000000000, Ermiss000 missing
Er0000000 modeO0ODOODO,200SO0000000000 200 lepton 0 mode O
oooO,20S8S000000000 200 leptond modedO OO OO |, 310 leptond 300
mode 000000 OO0ODOOO

moO0 0000000, llepton mode 00 0000000000000, 011101000
000,x3—=100 -1\0000, lepton 0 2000000, 2leptons 00000, jet 000
0 OO isolated lepton O nonisoleted lepton D O OO OOOOOOO, 1 letpton mode O 0O
00,000000 1leptonmode0000000O0O0OOODO.

01150 CMSO SUSYOOOOOOoOOO, ATLASODDOODOOO. CMSOODOO0OD
000 0lepton modeD OO ODDOOOMO, 0 lepton mode O background D 0D OO0, 000
0 missing Fr O resolution 0 000000000, 000000000000 DOOOOODOO
oo0o0. Missing Er 00000, 13.100 500000000.

1.3 SUSYUOUoooooooooo

Oo00,susydOOoonod event selection 00O O O00OOO0OOOOOOOOOO. O 1.16
01190000 SUSY signal0, g0 ¢gOOO0ODO 1TeVOOOOOOOO.

1.3.1 Missing Er

1.220000000,000 missing £, 0 SUSYOOOOOOOODOO. Background O O
0,70 WOODO neutrinod missing Fr 0000, SUSYD LSPOOOOOOOOODOOO
goooo,LSspO0noooooooooogn, background 0000 OO missing £ 000
000. 01160000 luminosity 0 10f6~' 0000 missing Br 00000000000
0000 background 0 missing EFr D0 000,000 SUSYOOOOO missing £ 000
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O 1.14: ATLASO SUSY OQOOO

OOo00O000600GeVO7T00GeV OODOOOOO, 0000 SUSY O missing Er 00000
goboooon

Missing Fr O calorimeter 000 0000000000000 OOOO. ATLASODOOO

12



m;, (GeV)

1200

s JL dt=10 1"

Ay=0, tanf=2, p=0

10404

R
. %

0 200 M} M} 500 1000 1200 1400 1600 1RG0 2000

m, (GeV)

0 1.15: CMS O SUSy ooodQd

Missing Ey OO0 OO0, 0500000000.

1.3.2 Hard jet O jet O

0 1.170 leading jet 0 P, 00000, ¢O gO0O x50 )ZliDDDDD,DDDDDDDD
00 PrO0O0OD0 jet00O0D0OOODO.

0 1.180 SUSY O QCD background 0 00000000 (Pr >30GeV, |n| <2)000. QCD
background 0 200 quark 000 00O ,pp collider 0 00 ATLASO OO OO cross section
0000 background OO O. SUSYODOOOOOODOOOODO, QCD background O 00 jet
OO00oO00ooogno. QCD background O hard scatter 0 0 0 00O jet O Ppr O 2800 560GeV
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= nE @ ttbar+lets
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0 1.16: Missing Ep 0 O (SUSY signal O background)

gboobooboooboo.

— SusY
sum of all BG

. @ tbar+Jets
10 > A W+lets
?'{{((’J/ ¥ Z+Jets
; ”ll’;‘i'//// I QCD real+fake

counts/10GeV/10fb-1
=

Pt (GeV)

0 1.17: Leading Pr 00O (SUSY signal O background)

1.3.3 Transverse sphericity

Transverse phericity(Sy) O, jet 0 Px 0 P 0000000000 SOO0O00 A, 00,
ogooooooooaa.

>P3 Y PxPy

S = 1.13
2X9

St = 1.14

r A+ Ao ( )

Transverse phericity J, jet 0000000000 00O0DOOO,000000 10000
goo. susyodooobooooooo,0obo gogbbboooboogo, go goooD
0000000000, 000000,0000000000 jet00000, jetD PPOODO
0o0oooboog. 0o, QChb O backgroundd 2 -2000000000000000. OO
0,0 1190000, QCD background O transverse sphericity 0 0 0 00O, SUSY O QCD O
oo1o0o00.
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0O 1.19: Transverse Sphericity 0 O (SUSY signal O background)
1.3.4 Effective mass

4
Mg = |Prje,| + Er (1.15)
=1

Effective mass 00 1.1500000, PrO00O0000O 400 jet O |Pp| 0 missing Er 00
Jooooo. quooooboodd wp00d00O0OoOoO, g0 wp00000OOOOOOO

Msysy = Min(m(g), m(ir)) (1.16)

O000. 0120000000, Msysy OO0D0O0O0DOO0ODO0OO,SUSYODOOODOOODODO jet
O PrO00 missing B 00000000. OO0, effective massO jet 0 |Pp| 000000
o0o0,01.2100000000 Mgysy UDODOUOD. g0 uwpgO0O000O00OO0O0ODOOODOO
godd,g0qUODOO00O0O0onDbObO0ooooooon.

1.4 LEPOOOSUSYOOOOUO

0000 LEP(Large Electron Positron Collider) D00 SUSYOOOOOOOOOOOO.
LEPO, 000000000 DO0O0OO, 198900200000 0000000O. 19960000 LEP
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0 1.21: Effective mass 0 O 0O OO Msusy

100000000000000 90GeVOOOODO,1990000 LEPIIOODOOODOO
OooOooo200GevOODOODOO.

01220, tanp = 10,A =0, > 00000 mo-my, 000 exclude 00D OOO0O00O0O
O0. 00booo,boboooooooon, EW symmetry breakingO OO OO0 OO0O, O
ooooooooooooon. Z2-XY3Y000,Z—-op000000000000, Z0O
invisible 00O 000000000, 000000, Z0O invisibleDODOOOOOOOODOO
OexcludleDOO. OO000D00, x* 0000000 excludeOOO. DDDDDD,?DDD
O000exclude000. 000000, 000000000000 HiggssO0OODOOODO
exclude O O O.
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20 ATLASOUOO

ATLASOOOD,00 22m, 00 4mO00000,0000 7,000t 0000000000
J00d0d. ooooogo 21000, OOO0O0O0O0O0O0O inner detector, calorimeter, muon
spectrometer 0 0000, 000000000000 OO00ODOOOOODOOOOO. LHCO
00O luminosity 0 O O O O, photon, electron, muon, jet, missing Er 00000000000
0oo0o0poooooOo,00000o00obo0ooooDoooooon.

Muon Detectors Electromagnetic Calorimeters

; Forward Calorimeters
Solenoid G

End Cap Toroid

| Toroi Inner Detector - . iy o
b Hadronic Calorimeters Shielding

O 2.1: ATLASOODO

e EM calorimeter 0 00 0O OO electron 0 photon O O O O, hadron calorimeter 0 O O
0000 jet O missing By 000

e muon spectrometer 00O OO0 muon OO0 OO0
e JO0ODOUOODO highPrlepton DO DO OOO, photon DO DO, 0000O00O0O0ODO

e JJ00UDOODDUUD((*UDODODDUDDODO

*n 0 pseudo rapidity 0000, 000000000000 A0OOO
n=—In(tan(6/2)) 00000O0.
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e JO0ODOOODOOO electron, photon, muon, jet 000000 OO

o OO DODO

0000 ATLASOO0O00,00000000000000000 (g <10000,000
00000000000000000000 (1<|p)020000000000. 00000
000000,000000000000000000 (1<|p <19 00000000000,
000000 (p>19)00000000000000000.

ATLASOOO00000000 21000000, beam000 ZOOO,LHCOOOOOO
0000000 XO0000,X00z00000000 YOOOOOO. ¢0X-YOooooOo
00 XO0OOOOOO0OO0OO,00000000000.

00000000000000000000000.

2.1 Inner detector

inner detector 0 0000000000 DOO0O0O0DODOOODO, 2000000000000
00000000000, O 2.20 inner detector 0 OO0 OO . inner detector 00000 O
0,0000000 (Pixel), 000000000 (SCT),000000000 (TRT)O 300
ooooooo.

0dodooooo,dooo0doodooooo,0oDoooooooo.ooboooog
00 50umx300pm 000000000000 0O0O0. OOODOOODOODOOODOOOODOOO
000000,00 granularity 000, 00000000000 DODOO,

D
U—E (2.1)

gogooaon.

SCTO,000000000 8um,00607TcmI000000000O0OODOOOODO0O
ooooo,dbogo20000 40mred000000O00O0OODOOOODOODOO.

TRTO,00 4me 000000000 36000000000 0DO0ODOODODOO. ODODO
0 200um O PixelO SCTOODOOODO, TRTOODODOODOODOOODOOODOODOO,000
U0 reconstruct UD O ODOOOOO.

Inner detector 0,0 000000000 reconstructiond Pr 0000000, |n| <250
J0000oo00oooobogd. oood, inner detector OO0 00O 0O OO, electron, muon, bjet [J
identification(ID) O |n| < 2.5000000.

2.2 Calorimeter

Calorimeter 000000, electron0 v0O,jet 000 00000,00000000. ATLAS
O0000000 4000 calorimeter O, EM calorimeter [0 hadron calorimeter 0 2 00 [ [0
000000000,00 p00000000. 02600000000,0000 calorimeter
ooooooooooo.
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TRT

Outer SCT

Forward SCT

Inner SCT

0 2.2: Innder detector 0 O O

2.2.1 EM calorimeter

EM calorimeter O, 0000000000 0OOO0O0ODOOOOOOOOOCOODO,0000¢0
000000. 0000000000000 0oOO0o0D0DooOoOOOoUUOO/oo0o0boOo
oooooooboo 26000000, electrond photon DO DO OOODOOO. OOOO EM
00000000 0000000000000D0DD 20X, f00000. 00000000
o0, EQ electron U energy O 0 O,

A .
75 _ 95% o 079 (2.2)

"E  VE
ooodo. D100¢eectron00 NODODDOO E0QDOODDOODDOOODODOO
oobDOooooob, 0200 clibrationDO0O00O0000OOOOOOOOOOD. DOO,
E=100GeV 0D 0OD00O 1%00000000000D0.
0 2.3 0 EM calorimeter DO O OO0, EM calorimeter I 300000000, 1000 n
OO0DO00ooooouobobod. OO0 solenoid magnet OO O OOOOOOOOOODOOO
O¢e0O0O0smear O 000000, o0 0000O00ODOODOOODOOOODOODO.

2.2.2 Hadron calorimeter

OoobOobo0ooboOooooooDOobooDbOobOoOobDOOd calorimeter DO OO0
0.(0 24) 000 calorimeter 00 250000 300000000,

goobogooboogooobooboboobbooo,bbooobboooboobooboboog
calorimeter 000000, OO, 00000000000000000DODOOOODOOO

"Xo 0000 (Radiation length) 000, electron 000D O00O00O0O00O, EMO0DO00ODO0O
000 1/e000000 1X,0OO.
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Towers in Sampling 30
A@xAN = 0.0245x0.05

Square towers in 0
Sampling 2

0 2.3: EM calorimeter

0 2.4: 00O calorimeter
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sampling

0 2.5: 000 calorimeter 0 O O

00000000000 00000 calorimeter OO0 OO0, OO0OO EM calorimeter O [
dooooo,0b000bo0o,boooooo,jetbd000O0O0OD0. OOOO0DOoOoDOao
11\, 000000000 14 foooo.

ooooooooa,

A 2.

% — % _% ®1.7%- - Barrel (2.3)
A 62.4%

% — —EO ® 3.6% - -+ Endcap (2.4)

oooo,biocgboboooboooob,0 200000000, OO, E=100GeVvODOOO, O
5%000000000.

2.3 Muon spectrometer

MuonOODOOOOOOOOOODO, ATLASOOOOOOOOOODODODODOOOOODOODOO
O0000000000. Muon spectrometer 1, 000000000 MDT(Muon Drift Tube),
CSC(Cathorde Strip Chamber) O, 00 0 00O RPC(Resictive Plate Chamber), TGC(Thin
Gap Chamber) 0 400000000000, ATLASO0O0OO0O0O00OD0O0O0OOODOOOO
OO00O. Muon spectrometer 1 O OO0 27000. DOOOO MDTOOOODDOOOOO
0oooooboooooogo. esCo,00pdoooboooopoo. RPCOOODOO,
TGCODODODODOoOoDooDbooooo.

0280 RZO0ODODOOODOOO,OD0D0ODLODOLD 30bUbDUOODLOoUbOUbOo. boo
goboboobooooobobooboobbooob,bo0bobbo0obbooboooo

ADODO (interaction length) 000,00 000000000000 O0O0O0OO0O0OOOOODOOUOO
O.

22



EM Accordion
Calorimeters

Hadronic Tile
Calorimeters

|~ Forward LAr
Calorimeters

Hadronic LAr End Cap
Calorimeters

0 2.6: Calorimeter 0 0O O

goooooooooooooooboobooo,0ooob ouooooDOOobOOoO. 0Ob o0
oooooooo RZO0OD0ODOODOODUOOD muon O OO0, 30000000000 0O000O
goooog.

Cathode strip

Resistive plate chambers
chambers -

Thin gap
chambers

P Y

Monitored drift tube
chambers

0 2.7: Muon spectrometer

2.3.1 Muon Detector 0 0O

Muon OO OOOOOOOO0O0OOOODOOOOOOOOO, muwonOOOOOO 650m [
O000. 000, muon O calorimeter 0 minimum ionizing particle(MIP) D 0000 OO,
calorimeter ] J 00 0000000000000, MuonO PpO00O0O0O MDT O sagitta(O
2900 s)000000O0OO,000000000OOOOO0ODODODOOO.

Pr(GeV/c] = 0.3Bp[T - m| (2.5)
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MDT chambers
12m

Resistive plate chambers |

10

Thin gap
chambers

- 6

End-cap
toroid

Cathode strip
chambers

ﬁ%“ : = —— = »

0 2.8: Muon spectrometer(R-Z 0 00 )

L o 0
= = sinz ~ < 2.6
o sing ~ 5 (2.6)
2 92 03L2B X1+X3
ol —cos2y e OB LEB o Xt A 2.8
s=p(l—cosg) ~pg = By 2 5 (2.8)
p:0000 [m]
B:00 [T]
L:0000 [m]
0000 sagittald P, 00000000000000.000,
1 8 3
My = 2 o >
(5 =03 B2V 27 (29)
OPr 3 8PT
P\ [Zo(X 2.1
Pr 2" XN 03BI2 (2.10)
000.000000,0000000N(>3)000000000000
op, |3 Pr 720(N — 1)3 1
TP [2e(X 0.045——— 2.11
Pr 2 )O.SBLQ\/(N—z)N(N+1)(N+2)+ BVIX, (2.11)

00000.0200000000000,P000000. MDTO, N=3, L=6[m], o(z) =
60[um], 0 00, Pr=100[GeV], BL=4[Tm| 0000, 3+ = 0.0082 = 0.82% 0000000
oo.

24 0OOO0O0OOOOO

ATLASOOOOOOO,0000000000,0000,0D0000000000D0000
gooooobo3googb,bogboobooboboo. goboooboobo 210000, 0
gboooogoog,sboogbogobooooogooosbooooooobooobogoobooog,
OoooooboobonD 2~6Tm, 000000000 4~8TmO0O0. OOOOOOpO0O0O
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O 2.9: Sagitta 0 0O O

goooooooboobooboob 211000, OO0O0oO0DOOOO0 pOOooboDOOO, O
0000000000000 00,RO00000000 (O 2.12).

0 210: 000O00oOo0O0d

2.5 Altasd Missing Er resolution

000 4-vector 00000 generator 0000, 0000 reconstruct 000 > Py OO0 A
ooo.

A= Z PX(PY)generator - Z PX (PY)reconstruct (212)

missing Er O resolution 0 X, YO OO (U(P}}lf;s)) 0,AD0000 Gaussian O fitting 0 0 O
gboooooogboboo.
000000000 resolution O,

o(PY%*) =0.46 x \/>_ Er (2.13)

oooo0O. 021830 A—-7000000000D0O0O0O00O,021300460000000
gooboooooooobooboboooboon.
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0 211: yO00D0O00DO0ODOO 0212 X-YOOOOOOOO (z=10.5m)
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Er:;..: *  full simulation in |n|<5
B 10
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0 2.13: Missing Ex(Ey) O resolution

ALTAS OO dead material 00O crack DOO0D0O0, 00000 jesO0O0ODO calorimetor O
jet0 000000000000 0DO0OD00O0ODO0O0. O000,000000 enery resolution
0000000000000, O 2.140 dead material 0 n dependence 00 0. 1.4 < |n| < 1.6
O000000 cryostat DD O DOOOOOOO, dead material 00O 00000 OOOO0O
ggd.

0 2.15 0 jet 0O calorimeter D0 OO energy D00 OO O. EM calorimeter O 0 00O O,
Inl =150 |n| =3.2000 calorimeter ] 000000 00O, hadron calorimeter D 00 0O,
Inl =120 |p|=32000.

0 2.16 O energy O 30GeV O electron O, reconstrudted energy/30GeV 0O 0. 1.4 < |n| <
1.6 0 O, incident energy [0 00 0 O reconstruct U0 0 energy 0, 0000000000000
O000. 000, dead material 00000000, 14 < |p| < 1.6 0, EM calorimeter O
barrelJ endcap D 000000000 OOODOODO.

02170 jet0 energy D000 0OO0O0O energy OO0 OD0O0,00000 50GeV O jet O
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0 2.16: Electron J reconstructed energy [ in- D 2.17: Deadmaterial 0 0 energy loss

cident enegy U [J

0000000 200GeV O jet, OO 2TeV O jet DO OOOO0. energy DO ODOOOODOO 2
0000,14<p <1.6028<|p<35000.14<p <1.6000000000000
barrel J endcap 0000 0000000,28< | <35000000000000 endcap
Oforward 00 O00O0OOOOOOO.

00000, ATLASODO calorimeter 0 energy resolution 00000000, 0 213000
OO0 resolution 0 0000000000 OOO0OO0OO. OOO0ODOOOOOOSSO0000O.
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[0 30 Detector simulationl] Object
reconstruction

0000, 0000000000000 object reconstruction 1000, ATLASOOODOOO
0000000 Athena 10.04000000000000000. DO00O0OOODOOODOOO
O00,geantd(5| 0000000000000 000O0O00OO0O0O0ODO00O0O0OO full simulation
0, generator 0 0 00O full simulation 0 00000 smearing 0 O fast simulation(Atlfast) O
ugd.

3.1 Full simulation

Full simulationO0 000 40000000.

1. Event generation
Pythia[6] 0 Alpgen[7] 00 O generator D 000,000 4-vector 0 0 00 O. event filter
gooooooooono.

2. Geant4 simulation
Generator U0 000000, 000000000 energy00D0OD0OOD0OOODO. v —
efe" O conversion 0 000000000000 OOOO.

3. Digitization
Geant4d simulation U0 00000000000 energy0 0, 000000000000
oooooooobooooog.

4. Reconstruction
Uoooogooooo, jet, electron O OO object O reconstruct U O . Missing Ep O [
ooooooooo.

3.1.1 Event filter

Full simulationd geant4 00 0000000000000 OODOO, fast simulation 0 0 O
0ooo0oooooooonD. oo, 00b0b0oob00oo0obobDgn event filter OO
OO000. 000 event filter 00 generator 0 000000000000 OOODOOOODOO
000000000,00000 FullsimulationOD 000000, Atlfast 000000000
00000oo0o0ooobOon. 03100000 event filter0O0OODO0OOOO.

000000000000 000 Atlfast 000 O, fast simulation 0 O O jet O electron O
00 reconsruction 0000, 000000000. event fiter 00000000000, jetO
electron 000000000, event generator 00000000 O0O0OOOOOODO. OO
00000oo0oOobobonog filedDODO, geantd simulation 0 0000 O.
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all events selected
Event Generator

events
Alpgen&Pytha —> Event Filter —_>» File

all events
Jet, isolated electron
muon, isolated gamma

Atlfast etc

0O 3.1: Event filter O O 0O O

3.1.2 Calibration J correction

0000, e/hO000 calibration O cryostat D 00 energy O 0000000000 O0ODO.

H1 style caliblation

Hadron O calorimeter 00000000, hadronO energy U0 OO0 00000000000
goodd,electrond photon DO D OOODODOOOODOOODOOO. OOOODOODOO electron
0 hadron 0000000, calorimeter 000000 e/h000. HI style caliblation O cell O
energy U calibration D00, e/h000000. 00000, wOd00OO factor, ag, a1, ag 0O
ooooooo,

w = ag + a1 X exp(—asEy/V) (3.1)

Oooogo. EgQ celld energy, VU celDODODOO. EM OOOOQO hadron 00O 0O O
ooDooo,EMO000000 hadeonDOO0OO0OD0OOO0OD0O0OODO energyO00ooonQ
energy density D 00 0. 00O, energy density(Fy/V)0000000 EM likeOOODODO,
wd1000000000000000000. 00, Ey/VOODOOODOO hadron like OO
O0000,w0 10000000,e¢/h000000O.

Cryostat 0 0O

Cryostat 0 0 00O energy(Fey) 0000000000,

Eiryo = w x () EEM3 x plilel (3.2)

EEM3 0 EM calorimeter 0 3000 Er 000, EF 0 hadron calorimeter 0 1 000 Ep
000. Cryostat O EM calorimeter O hadron calorimeter 0 OO O O, cryostat 00 00O O
energy 0 EEM3 0 EFilel 0 energy 00000000, 000000000000, wOOD
000D000,0000000000 cryostat 00000 energy 000000000000O.

3.1.3 Cluster J 000 jet reconstruction

Full simulation 0 O 0O O jet U reconstruction [, [0 [0 longtudial 0 [0 O calorimeter O energy
0000 towerUODODOO object OO0, 00000 cluster 00O OO jet d reconstruct [
oogd.
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n-p00 (n:5~5,¢:—nm~m)050x640000000, (Anx A¢) = (0.1 x0.1)00
O000. 0000D000dn segment 00000, O segment 00O longtudinal 0 00 EM
calorimeter [0 hadron calorimeter [0 energy 0 O [0 tower DO 0. OO OO calorimeter [ O
OO0 cellDODOO segment O OOO0OO0O, cell energy O segment 00O O0O0OO. OO

0,0320000000 cellJ 400 segment 00000, cellO energy 0 1/40 00, tower
ooo.

cell

segment 1

segment 2 z

O 3.2: CellO energy 00O

segment 3
segment 4

Cluster 0 0O O

Cluster 00000 0OOO Sliding Window Algorithm OO0 O0O00OO.

O 3.3: Sliding window

1. Tower DOOOOO0O0D0OO0O0O n-¢00O0 5x 5segment U window O O OO cluster O OO
ooo.

e n0 00 window £lsegment 0000000 (O 3.300), windowO O Epr 00
O00.00,¢6000 +lsegment 000000 (0 3.300)0 windowO O Ep O
O000000 cluster 0O0O0OD0OO0O, window OO tower 0 00O OO object O
cluster OO OO0,
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e Window O 0O Ep 0O 15GeV 00
ooooog.

2. 000, cluster 000000 An, A¢p0OD00O 2segments 000000000000, O
ooooooobooooDoOo,0bbo0gb custer00gooog.

e 200 cluster  transverse energy J U0 0.90 0000000, H000 transverse
energy J 00 cluster OO OO

e 200 cluster O transverse energy 00 090 00000000,0000000
transverse energy O 0 0 0O cluster DO OO 0.

Cluster 0000, 3 x 3segment(0 3.300)0 E, 00000000,

Jet reconstruction

towerzenergyZ{ELMEZEICY—H

yes

energyHhIE

no

7X7 DEEFH Tenergyx L. NUIILRE
energy#1E(Z9 5,
enemyNEDHEITERTS

ROGFHE~NED
I

O 3.4: JetTowerNoiseTool

Jet OODODOODOOOOOO 2000, seed0000 R*O0O celODOO jet DODO cone
algorithm(R=0.7, R=0.4) O, soft O collinear O cluster 0 merge 0 0 jet 00 O KT algorithm
OO00. 0000 cone algorism DO UOOOOUOO. cone algorithm OO0 00000 O0OOOO
oooooooooooooooo.

1. JetTowerNoiseTool( 3.4) O negative energy O tower 0 O O tower 0 merge 0 0 00O
U0D000boobOoUob. energyUOOO0OO0OO 7x7000000 towerddO. 0O
O0Oenergy UODOODOODOODOOODO tower [ seed 0 0O . negative energy U [
oo, 00000000 o,ogooooooooooag.

2. JetSignalSelectorTool/InitialEtCut O jet O reconstruct 00 0 seed J cut 00 00 00O
oooo0. 0000 citdooonono.

*R=/An? + Ag?
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towerzenergyZ{ELMEEFIZY—k

/\ yes

energyHMiE

no

7X7 D EE Tenergyz &L .
energy#1EIZY %,

INH

IR%E

enemyNEDIHETEIET S

ROBEH~ED
|

O 3.5: JetConeFinderTo

JetMcandidateh®
overlapLTLV%

overlapfEl®energy ~05
overlapL T\ \%jetDenergy

OverlapfEigZ=2I221+5% 2D MjetEmearge

ol

JetZR7%F

O 3.6: SplitMergeTool

32




jet1 jet2
jet1

jet2@energy® 5 LU LA EE>TLVD
jettizhnz 4 jet2iznz
0 3.7: Jet 0 merge
0 3.8: Jet O split

3. JetConeFinderTool/ConeFinder(0 3.5) O cone algorithm 000000000000,
jet O seed 00O RO cone OO OO energy U0 OOO. Reconstruct OO O jet U
candidate 0000 seed D000, An <0.05,A¢ <0.0000000000000O. O
00000000bO0,seed0000 coned O energy O ODOO0OOO,seedd 00
OO coneO00energy 0000, n¢0005000000000000. 0000000
OO0O0ooooo. 00, jetO candidate 0,000 An > 0.05,A¢ >0.050000000
goooooo.

4. JetSplitMergeTool /SplitMerge(0 3.6) O jet 0 candidate 0000000000 ,000
o000 split000, merge0O0O00O0DOO0OODOO. O370000,0000000
energy D000 jet O energy DOODOOOOO, 200 jet D merge O 100 jet U
O0.00000000,03800000000000 segmentO0O0O00O0O jetdDO
oooo, 0000000 splitd 0.

5. JetCellCalibratorTool/CellCalibrator 0 Cell calibration0 0 0000000. 3.1.20
O00e/hO0000ccyostat 000000, OO0D0O0OODOOODOODOOO,n, ¢000
0 energy 0 OO0 OO collection O OO .

6. JetSignalSelectorTool/FinalEtCut 0 0 O 0O jet O candidate 00000000000,
Er > 10GeV 0000000,

3.1.4 Lepton reconstruction

O0O00d, electron 0 muon O reconstructiond, 00 fake OO0 O OO OODO.

Electron reconstruction

3.1.3 0000 cluster O, EM calorimeter J hadron calorimeter 00 OO O OO0, EM
calorimeter DO OO0, 7 x 7cell OO OO cluster d EM cluster 0O 00 O. Electron O
reconstruct 0, EM cluster U0 D00 OO0 cat OO0 O0O0OD0OOOODOOODOO.
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0 3.1: Hadron calorimeter leacage cut

n] | threshold

0008 | 3.5(0.01046 — 0.0121[5] + 0.002°)
0.80 1.5 0.008
1.501.8 0.03
1.800 2.0 0.02
2.00 2.47 0.015

0 3.2: Shower shape cut

n] | threshold
00 0.8 0.915
0.80 1.5 0.91
1.501.8 0.89
1.80 2.0 0.92
2.00 2.47 0.91

e Hadron calorimeter 0 0 OO 00O,
Electron O 0 O O energy U EM calorimeter U [0 U 00 0 [0, hadron calorimeter [ J en-
ergy 0000000000000, EM calorimeter 0 2000 3 x TeellO Bp O EEM2)
hadron calorimeter 0 1000 Ep 0 EX' 000, BEFY/EEMIOD 310000000
gooooooooao.

e Shower [0 shape 0 0O
Electron O shower U0 OO OO shower 0000 OOOO, shower O shaped 00O OO
00000. Shower [0 shape 0 EM calorimeter 0 2000 5 x ¢=3 x 7cell 0 7 x 7cell
O Fpp000,03200000000000000.

e 00DDDDODOOOOO
O0000 EMcluster 000000,000 E/PO10000000000. Default
00, E/PO00.7~40000000. OO0 20000000000, «t0 EM
calorimeter 0 energy 0 D00 00000000, E/PO 100000000,

e Isolation
Jet 00000000, electron 0000 energy O deposit 0 DO O O0O0O0O0O0O. b/cO
semi-leptonic decay 0 0 00 electron 0 7' 000000 (7 — e ety) 000 electron
U000 hadronO0O 0O energy DO OO OO, isolation 00000000000 OOO0O
uon.

0 3.90000, Electron O fake 0 photon O pair productiond e"e™ D00, 00000
soft 000000, 7*0 «°000 photon 00000 DO00ODOO, B/PO 1000000
O000. ATLASOODODO calorimeter 0000 000000000000, 7702000
photon OO O DOO0O0ODO, 00000D00 fakeOODOODO. JetO electron 00000000
00000 10#400000000.
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Electron

v PSDpair production Tl nWzkBy )
Fi-F5 Delectronddsoft IrEl-Er Ly HELTE/p~1

ATLAS EMCALlZsegmentationd it
DT INFEAER PN

0 3.9: Fake electron

Muon reconstruction

Muon 00000 100MeV OO0 electron 000 2000000, PhotonO0 DO OO000 1/m* 0
000000, muonO calorimeter 0 Minimum Ionizing Particle(MIP) O 00O O, calorimeter
O00000 muonsystemUOUO 000000000 OOODOO. Muon reconstruction [l muon
spectrometer [0 inner detector U0 0000000000 OODOOOOO. ODOO, muon O
isolation 0 0 00 0000, reconstruction D 0000, b/c O semi-leptonic decay O 0 O O
muon 0O OO0O0OOO, isolation0 000 OOOOO.

03100000 muonO fakeD OO0 7% O calorimeter 0 00000000 punch through
O, 7+ 0 calorimeter 0 000000 muon OO0 decay in flight 00 0. Jet 0 muon OO0
0000000000 104 00000000.

Muon
Pion punch-through Pion ‘fiecay in flight
HCALTminimum ionization P v NSNS

0 3.10: Fake muon
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3.1.5 Missing Fr reconstruction

Full simulation 0 missing Epr D0 0000 cell base 0 0 0. Missing Er 0 Fp, missing Ex
0 Fx, missing By 0 Fy 000, missing Ep O,

Fxy =—Q B + > EYY"™ + 3 ERY™) (3.3)

Er = EX + EY (3.4)
Dooooo.

oD 1000000 £20 0000000, cell energy DO OOODOOOO. cell O
energy U 3.1.20 000 HI style calibration0 OO0 0O0. O 200 cryostat DO OO OO, Jet
O calorimeter U0 OO OO0 ceryostat D energy O OO0 O OOOOO,00000000. O
ooboodjetddn, 3120000000 energy UOOOO. O 300 muonl energy [ [
0. Muon O calorimeter 0 MIPOOOOOO, energy OO OOO0OOOO0OO, celOOO
Oenergy OO0 DOODODOO.

3.2 Fast simulation

Fast simulation 0 Atlfast(9]| D00 00000. 000000000000 full simulation
gooobooooboooooon,

1. Event generation
2. Atlfast 0 0 0O detector O smearing simulation

020000000. Atlfast O full simulation 0 0 0 0 0O O, reconstructed object O smearing
0oooooo. oooooO full simulation0 000, 000000000000O000O. LHC
O high energy, high luminosity D00 000000000 O0OO0OO. O0OOO,00000
0o0oboooooooboooooooobD,000b0boo0oog fast simulation 0000
oo.

3.2.1 Jet reconstruction

Atlfast O generator 0000 4-vector DO OO, cellO energy OO0 OO 0. CellO OO jet O
reconstruct [J [J .
Atlfast O cellO, n—¢ 000,

e 0.1 x0.1 for |n| <3
e 0.2x02for3<n/ <5

000000. 000 cellDODO OO, neutrino, muon, SUSY LSPO OO0 00O energy 000
cell 0 energy O O O.
Jet U reconstruction 00 00O OOOOOOO.

1. Cell energy 0 1.5GeV O OOOOOOON initiator OO O.

2. Initiator 0 Er 0000 cellO0 R=0.4000 cell D000 cluster OO0 00O, cluster
00000 cllOOOOODOO.
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3. Cluster 00O OODO, energy 0 5GeV OO OOOO cluster 0 0O 0.
4. Er > 10GeV, |n| < 50 cluser O jet 00 0.

Oooboobodf,energy 00000, 00 clusterDjet DO DO OOOODOO.

Jet O flavour tagging O, generator 0 O 0 0O OO, reconstruct 0 O O jet 0O R=0.2000
O Pr>5GeVODb,c,000 R=03000 Pr>10GeVIOUOO tee 00D OO0ODOOODODO
0. TaggingOOOO |p| <25000.

Jet O energy smearing J jet 0 energy 000000000000, low luminosity 0 0O 0 O,

e [n|<3000
AE _ 0.50

@ 0.03
E VE
e 3<|n<b000O
AFE 1.0
— = —=®0.07
E JVE

gbooboodo.

3.2.2 Electron, muon, photon reconstruction

Electron, muon, photon [J reconstruction 0 generator U O OO0 O00OO0O0OOOONO.
Electron:

e selection criteria O |n| < 2.5GeV, Pr > 5GeV

e isolation criteria 0 R=0.400 00 cell D energy 0 10GeV OO
Muon:

e selection criteria [0 Pr > 6GeV

e isolation criteria 0 R=0.400 00 cell D energy 0 10GeV OO
Photon:

e selection criteria O |n| < 2.5, Pr > 5GeV

e isolation criteria 0 R=0.400 00 cell D energy 0 10GeV OO
Enegy smearing [, low luminosity O O O [,

e n|<3000
AE. 0.12 0.245

= @ @ 0.07
Ee vV Ee /Eg’

e 3<|n| <5000
AE, 0.1 0.245

= 2]
By VEy BT

oooood. pilevpdD00000oooonD 2000000.

@ 0.037
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3.2.3 Missing Fr reconstruction

Atlfast 0 missing Er 00 0000 full simulation 0 0 0 O, object base 0 0O 0.

Exy = (3 B + 3 punused cell S~ peny (3.5)
Br=\Fx + BY (3.6)

oooooDo.
Jet, electron, photon, muon [ energy [J smearing [0 0 0 OO0 O, missing Ep U smearing
ooooooog.
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040 SUSY Signalll Background [ [ [

4.1 SUSY signal

1210000000, LHCOO §§, 44, 600000000, 00000, SUSY signal O
0000, m(g) ~m(q) ~1TeV O signal 0 0 0 0. SUSY signal 0 Pythia 6.2000000
ggd.

gooooooboog,

O 4.1: SUSY signal 00000000000
00000 | mg | mip [tamp| Al
| O [ 400GeV | 400Gev | 10 [0 |+ |

gooooboooo,

0 42:00S8USYODOOO
‘ SUSY particle H UR ‘ g ‘ b% ‘ Xf ‘ XY ‘ ho ‘
| D0 [GeV] | 88139653 | 315.3 | 315.0 | 162.6 | 114.8 |

0 4.3: SUSY 0 00O process [ cross section
All included subprocesses 1.53pb

g+gld —g+g 0 0.079pb
qg+q—q+q 0.353pb
q+g9—q+g 0.628pb

m(g) ~m(q) ~1TeV 0000000000, Parton Distribution Function(PDF)(O0 0O A
00)00o0oooooooooO0o000 0200000000000, DOODDDODDOOO,
gluon 0 O 0 valence quark OO OO 00000000, g4+¢g0 — g+ ¢gUO cross section [J
ooooo.

4.2 Background

SUSYODOOOOOOOOO, multijet + missing E7 + (leptons) OO0 000, 000000
000000 process U background O 0 [0 .

39



00O 0 background process U0 44 00000. Missing Er 0000 00O O, neutrino
00000 process O background DO 0O. 7 - 77000000000, tauOOODODOO
neutrino0 0 000000, background O O O .

Generator 0 0000000 parton000 0,0 44000 jet 0O 0ODO. Generator O [
OO0 cut0O0000O00O0ODO C2,0C400000.

0 4.4: OO background process U generated event [J

Generated process cross section | # generated event | L(fb)
tt+Njets (WW - 1v Ov ) N=003 ~ 1nb 1 x 107 90
tt+Njets (WW - 1v qq) N=003 ~ 1nb 2.5 x 107 60

W+Njets(W - 1v ) N=20 6 ~ 10nb 3 x 107 20
Z+Njets(Z -v v ) N=206 ~ 1Inb 2 x 107 40
Z+NjetsO Z -1 1 ) N=206 ~ lnb 1.5 x 107 70
QCD QQjj (Q=b,c) (4jets) ~ 10nb 1 x 108 20

QCD mlutijets (4 jets) ~ b 5 x 107 10

QCD backgournd O 200000000O.

e Real missing:QQJJ (Q=b,c)
Real missing 00 0 00 QCD background 0 b [ ¢ O semi-leptonic decay OO0 000000
O neutrino0 0000000,

e Fake missing
Detector O energy miss-measurement [0 0 0O, fake missing Er 000 0. QCD O cross
section 0 signal 000 6 00000 OO, fake missing £ 00 O 00O background O O
O. Fake missingD O OO0, 0500000000.

4.3 Generator

Background OO OO ,0410000,000000000 hard scatter 0 parton J Matrix
Element O Alpgen 0000, 0000000000 0O0O0O0 collinear O soft 00 0 O Pythia
000 Parton Shower 00 00O O.

4.4 PSUO ME

0000, Parton Shower(PS) O Matrix Element(ME) 00000000, 0420000,
000000000000 00 parton0 MEOOOO, 00000000000 PSO parton
O00000. Factrization scale d PS scaled parton 000000000000 ONO scaled O
O, factrization scale 0 0 PS scale 000 parton DO OO0 PSOODOODODOONO. Factrization
scale 000 000000D0O0ODOODOO0OOODOO,000000000 PDFOOODOODOO
ooo.
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T MGng .

Matrix Elemant
Parton Shower

0 4.1: Event 0 OO

Factrization

PS scale
scale

- |t

AlpgenTIEME
Parton Shower PythiaTI2Ps

Matrix
Element

0 4.2: MEDO PS

4.4.1 Matrix Element

Matrix Element(ME) O 0 O parton 0 0 O O, Feynman diagram 00 O cross section O O O
0, 00000000000 fdgo. booobooobooooooooooooogoog
ooodoo, ,pPOO0DOODODOO, Parton Shower 0000000 OODOO.

4.4.2 Partion Shower

Parton Shower(PS) 0 100 parton0 200000000000 parton00 0000000
O. DGLAPODOODOODOODONO, parton O virtuality 000000000, 100 parton
020000000000000000000. Parton OO0 000000, 000000 jetO
ooooogopsSOOOooon.

4.4.3 PSUOMEUOODO

PSO ppO00O0O0OO0DODOOOCODO,00 PrOjet0goooooooo.ob,MED
oooooobooooognD, ppPOODjet00D00O0O0DO0O0. 00O, MEODOO collinear [
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O00soft 0000000 0O0OOCO.0000000DOO0 PSODOOOODOO.

[ hist_temp_2002_Inin_| [ el
| Entries

Mean 1233
100 AMS 1128

=
)
o

entries/5GeV

-

o
T

5

T L
AP AP LSNP I ] AP A TN NG o YA
1] 100 200 300 400 500 600 700 800 900 1000

Pt (GeV)

O 4.3: MEO PSO jet O PrOd0O

RQQQQQQ ., t

0 4.4: tt+jet O Feynman diagram

0 4.3 0 tt+jet(0 4.4) O additional jet 0 PP OO0 000. OO0D0OO0O0O0O PSO jetd Pr
0400GeVOOOOOODODODOOODO,D000000 MEDO jetO PrO 90GeVOODOOO

ooooogoo. oooooo,b0o0 pPSOD0O0O background DO OOOOOOODOOOO
good.

Matrix Element 0 Parton Shower 0000000 Z+jetsd process 0000000, OO
oooooo

1. Maxrix Element(ME)

Alpgen 00000 Matrix Element 00000 . 6jet 0000 MEODODOO, Tjet OO O
OpPSOOODOOOO.

2. Z+1jet + PS (Z1j+PS)
PythiaDOODOOOOOO. Z+1jet D OO0 Matrix Element 0O OO, 000 jet O
Parton Shower 0000000,

3. Drell-Yan + jets(DY1j+PS)
Pythia O Drell-Yan(DY) OO O O0O.000000000, JjetOOOODOOOOOO
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00000, Matrix Element 000000000 DYOODOOODOOO, jee0000O
Parton Shower OO QOO OQO.

a E 22 Sum of ME "a10° 2] Sum of ME
5 —_MEZ2) 5 — ME 22
% ol —_ME Zz3j % . —_ME 3
$10° _ ME z4j G10 _ ME z4j
s F __ME z5) 2 __ME 5
£ ME Z6j+PS E10° ME Z6j+PS
310° -]
o E ©
C 102
10° &
E 10
10 ; 1
105 ) o
00 800 900 1000 0
'+ (Ge'
0 4.5: Pr distribution of leading jet O 4.6: Pr distribution of 4th jet

7] Sum of ME
—_ME 22j
—_ ME Z3j
— ME z4j
__ ME Z5j

ME Z6j+PS
e ZA4PS
-...DY+PS

-
(=]
>

Counts/10GeV/10fb™
;m
“ﬁ%ﬁ@“
\ w5 -"’;;

-y
o
w

-
o
~

10

0 100 200 300 400 500 600 700 80 00 1000
Misslong ET (GeV,

O 4.7: Missing Er distribution

04.50,leadingjet0 PrO00O. MEOODOOOQO Z1j4+PSO leading jet 0 Matrix Element
oooooooog, ppPO0OODOUOLDOOD. U4060,40000000 jet PrOO
Oo0. Matrix Element U0 O O0OO000O0O0 MEOOOOOOODOO,00000000
0000000 PpPO0jet00D000. 00470, missing Fr 000000, cut000000O
ooooooooo,coobbooobbooobooooooboon.

0 48,0 490 1.3.40000 Effective Mass 000 00O 0. Effective Mass O jet 0 Pr O
scalar sum U missing By OO0 000000000, 00 PPO0O0Ojet0000OD00OOODOO
OO0 PSOMEOOOO, Effective MassO OO OO GOO.

4.5 Event generation

00000, background O generation O Alpgen(version 1.3) O Pythia(version 6.2) 0 O O
ggd.

00, AlpgenD jet 00000 MEOOOD,O00 PythiaD PSO0O0O000. 0000000
00000 AlpgenO Pythia 0000000000 Prordering0 00000 . Pr ordering O
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Sum of ME
—MEZ2
— MEZ3j
~ MEZ4
772 __ME 75
v ME Z6j+PS

-
Q
3

—ME
"o - Z1j+PS

Normalized entries

Counts/400GeV/10fb™
=)

m e --DY+PS

-

-
=)
&

.......

-
o
&

OJHHH‘ T T T

-
]
%

I T T D N DU S |
500 1000 1500 2000 2500 _ 3000 3500 4000
Effective mass (GeV) Effective mass (GeV)

0O 4.8: Effective Mass distribution O 4.9: Normalized Effective Mass distribution

o00O0O00,04100000000000000. Alpgen0DO00OO0O00O0ODOO, Pr>40GeV
O000,jet0jet0 AROO0.700000CDODO. PythiaOOOOOODODOO AlpgendODODO

0000000000, Pr<40GeV (soft)0 MEOODODOD jet 00 RO 0.700 (collinear)
ooo.

4.5.1 Double count problem

MEO PSOO0OO0D0OOO0O0ODOOOOOOOOO,00000 double countingdOOOOO
00o0.000,PSOMEDOODODODOOOD jet0000D0O0ODOODOODOODOOO. O
4100000, partond PSO gluonOOOO00O0O0O0, parton000000000O virtuality O
oo00. 000, MEODO virtuality D 000000 O0O0O0O, 000 Parton Shower scale [ [
000 MEO PSOOO virtwality DO OODODOOOOOOOOO, double countingO0 0 O0O.

virtuality

Double counting

0 4.10: Virtuality

PS

4.5.2 MLM method

MLM method 0 PSO MEOOUOOOOOOO jetdO0O00O0O vetoODOOOODOO. O
00,7 - wiNjets 000000, MEOOODOOOOO, Er > 40GeV, jet O jet 0 AR
0070000000, PS jetO soft(Er < 40GeV) 0000 collinear(ME parton O jet O
AR<0.7)0000 jet0000000,0000000 vetoO O (matching).
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04110 MEO 4jet000000O0O0, MEO 5jets 0000000000 double-counting
O00D0DO000ooOoOo0. 00000, MEpartonO jet0000000. 00000 PS jet
O collinear O OOOOO0OO, collinearJ OO0 PSOODOOOODOOOODO,DDO jetdO
oobD. oO0,000b000b000PSjetd00 PPO0OO,100jet0 20000000
00000, Er>40GeV O jet 0 MEODOODODOOOOOOOO,0000000 bjetsO

MEsample0O0OOOOOOOO0O.

L Z+4jets

I U
;

“Jet wa emitted_r

*“collinearly » N
£ | == . / (

O 4.11: Double-count O O

0 4.120 Z - vv,Pr > 50GeV,|n| <50 jet D000, O 4.13,0 4.14 0 leading jet 0 Pr
b pOobob0O,04.15 041604000 PPOO0ODO jetd PPOOOpOOOOO.
MLM method OO OO 206jets 0 MEOODOOOOOODOOO. Jetd O, PpPOO,n0O0
000000oobobO, matchingOOOOOODODOODOODOODOODOO.
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- -
=) =)
® ®

-
o
S

counts

10*
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““““““““ 2~6jets stack
—— 2jets
Sjets
— djets
Sjets
— GBjets

=}

0 4.12: Z — vv, Pp > 50GeV, |n| <50 jet O

“““““““ 2-6jets stack
—— 2jets
Sjets
— djets
Sjets
— GBjets

600 700

100 200 300 400 500

P
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P, (GeV)

O 4.13: Leading jet O Pr Q0

2~6jets stack
— Djets
Sjets
— djets
5jets
— GBjets.

T T R
50 100 150 200 250 300

350 400 450 500
P, (GeV)

0 4.15: 4th jet 0 Pp 00
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0 4.14: Leading jet 0 n OO

““““““““ 2~6jets stack
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30001 S!els
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0 4.16: 4th jet 0 n OO




0 50 Missing Er

1.220000000,SUSYOOOOOO0O0ODDOO multijets + missing Fp + (leptons) O
00, Missing Er 0000 SUSYOODOOOO. O000,0000 resolution0O00000O0O0
00O, neutrino [ neutralino 00000000, missing - 000000000 fake missig O
E-r000000. 0 5.10 full simulationO0 00 QCD di-jet 00O O0O0O0OO0OO0OOOOO.

_‘

0 5.1: Event display of QCD di-jet

O0jet000000O00OODOODOOO0OO0OO0,0D0jet00D00O00DOOODOOOO
ooooono,b0DjetD0O0 oU0O0 missing Er 00000000, OOOOO0ODO nutrino
000000000 0,0000000 missing BFr 0O fake missing B 000 .

0 5.2 0, full simulation 0 0 0 QCD 4jets sample C(O 0O C OO C.4, 4jets sample ¢ 0 0
0) O fake Missing Er 0000 0. 300 ~ 400GeV 000 O fake missing Fr 0000000
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ST Love o Lo Lo bowy | \\‘\ﬂ\‘\\\\

P Ly
50 100 150 200 250 300 350 400 450 500
fake missing Et (GeV)

o

O 5.2: Fake misssing Er distributon in QCD multijet

O00000. QCD jets O cross section 0 0 10ub 0, SUSY O cross section O 10* ~ 106 0 0
OO00. 000 QCD O jets 0 missing £ O resolution 00000000 OODO background
000, fakemissng 0000000000000 OO00OO.

5.1 Full simulation O 0 0 missing Fp 0 0O

0000, missing £ O resolution [ topology dependence 00 O OO0 0.

5.2 Missing Er resolution
Missing FEr fitting

0000 missing By O resolution 000000 0. Missing BEp 0000 (VE% +F%) 00
O, Gaussian OO0 O O0O0O00OO0DO, missing £r0 XOOOODODO missing Ex 0OOO. OO
O, fake missing Ex 00000000 O0ODO.

fakel x = reconstructedf'x — Truel x (5.1)

reconstructedx 00 0000000000000 000O0O missing Ex 000, Truefx
0 Generator 0 00000 O nutrino 0 neutralinod Ex OOOOO.O0O0O0O00O0 full simula-
tion(athena 10.0.4) 00 muon 0000000000000, reconstructedfx 0000000
0 muon 0 Ep [0, generator U D OO OO DOO.

Jet 0 O ElectroMagnetic(EM) O 00O HadronicOOOOOOOOO. EM OO0 Hadron
0000O0opDo0oDoooo, EMOODODO0O0OOOO. OO0, AtlasO calorimeter 0 EM
Calorimeter 0 Hadron Calorimeter 0 0 0 O, Barrel 0 Endcap 00 00000. OO0, reso-
lution 00O O0OO0ODOOOOO, resolution O single-Gaussian 0 [0 0 O, double-Gaussian [J
gooooo.

05300 540 QCD 4jets 0O OO0 fake missing Ex 00000, Y EFx = 1200 ~
1300GeV 000 0O0OO0O, single-Gaussian fitting(0 0 ) O double-Gaussian fitting(0J O ) O
000. Single-Gaussian fitting(0 0 )0 000000000000 fittingDOOODOOOOOO
0000000, Fittingd 20,
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ExSum=1200~1300GeV

ExSum=1200~1300GeV

counts/5GeV

counts/5GeV
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=1
=1
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fake missing Ex (GeV)

o
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0 -150 -100 -50 0 50

100 150 2|
fake missing Ex (GeV)

O 5.4: Fake missing Ex distribution O

O 5.3: Fake missing E'x distribution O fit
fit(logscale)

e single-Gaussian
x?/000 =178.5/52

e double-Gaussian
x2/000 =51.13/49

000, single-Gaussian O 0 double-Gaussian 0 00 00000,000 fittingODOOOOO
00000000. 000,00000 resolution D000, fake missing EFx 00O double-
Gaussian U fitting O OO0 O00OOOODO.

Missing FEr7 resolution

resolution (GeV)

narrow component —>X—
80 [ broad compnent +— -+
60 Z
{,%"*' +
401 - Z)
| o __
+ 7 s
| A g e
t | 7.5
20 ! ). %
B
s
%"
o L

0 200 400 600 800 1000 1200 1400 1600
ExSum (GeV)

O 5.5: Component of missing E7 resolution

O 5.50 double-Gaussian fitting D OO0 OO OO narrow D00 broad 00 OO0, Y Ex O
100GeVOODOODOO,O0 binOO0OO fittingd OO resolution0 00 0. O binO fit0O0 OO
oo,00 BOoOoood.

TDR(O 2.13) 00O, missing Fx(Fy) O resolutiond > Ep 00 000000. 0O00O0OO,
missing Fp 0 reolution 0000000000000, missing Ex(Ey) O resolution 0 0 0O
000, N Ex(XEy)00000000000000000. 0000, jet activity D YO O
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Oo00o00o0d, fake missingd YO OO OOODOO, resolutionD Y Er 0000000 Y Er
000000 fakemissing ExOODOODODODODODODOOODOO. 0OO0O,0 5.500 fake missing
Ex O resolution Y Ex O0O0ODO0OOOOOOOO.

0 550000 double-Gaussian 0, 0000 ¢ 00 00O0O0OOOO, narrow component [J
broad component 0 GaussianO0 OO0 000000. O00,00000000, 200 Gaussian
Oconstant OO0 binOOOOODOOOOODOO,00000 fast simulation d O feed back
0000000,200 GaussianO constant 000 1/500000.

> Ex=3000 400GeV, 4000 500GeV O bin 00, narrow component [1 broad component [J [J
0000000000, doble-Gaussian 0 0 fitting D OO OO OO. > Ex=12000 1300GeV
0O bin0 O OO0, broad componet 0 7.78 x 10*GeV 0D O OO00D0,0000 fittingOd OO
oooooo,oooooo.

5.2.1 Topolodgy dependence

0000, missing £ O topology depencence 1 0 OO O OO,

TransverseSphericity |

| Entries 33360,
— Znunu+3jets| Mean 0.2163]
4 RMS 0.2001
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3.5 TransverseSphericity

o Znunutbiets| I iries 37871

normalized entries
w

v v ;%é g Mean  0.4032
250 RMS  0.2165
Z+3jets Z+Bjets 2F
rectilinear spherical and isotropic 15E
1=
0 5.6: Z+3/6jets 0 00O 0O 05
(1] = I N I PRI I PRI U

01 02 03 04 05 06 07 08 09 1
TransverseSphericity

o

O 5.7: Z+3/6jets O transverse sphericity

Z+3jets O Z+6jets 0 missing Ex 0000000 ODODOO, topology dependence O U [
00o0d0o. O56000000, Z+3jetsd jet 00000000 DOOODOOODOODOOO,
Z+6jets 0 Z+3jets 1O OO0 O0DOO0ODOODOOODOO. O 570000 transverse sphericity [
000, Z+6jets0 00,00 spherical DD OO ODOOODO.

0580, > Ex =300 ~ 500GeV 00 00 fake missing Fx 00 000. Z4+3jets 00 0O O
0 Z+6jets 0 0 0O 00O fake missing £x 00000000, topology depencence 0 0 0O 0O 0O
ooo.

000000 QCDO 2jets0 0000 4jets00000D00O0OODODO. 0590, Ex=
800 ~ 1100GeV U O OO fake missing Ex 00000, 2jets 00000 4jets0 000000
0o0000ooooDbOo,QCbodbdbooOngd topology depencence 1 00O ODOOOMO.

5.3 Fast simulation [0 0 feed back

QCD O cross section [0, SUSY 0 cross section 000000000000, missing Ep O
000000000, 000,fast00000000000 Atlfast O double-gauusian 0 O O
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0 F
-?_E’ [ ExSum=300~500GeV .- —_ Znunus3jets
5 oo
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fake missing Ex (GeV)

O 5.8: Fake missing E'x distribution in Z+3/6 jets sample

13
£, )| EXSUm=800~1100GeV =~
) E P = 4
z P . 4!ets
% B ; & — 2jets
gm" 3 ; 1
o bl
L by
Ew PR O P Y Y O (NN TAN U USTUSurin | | )y P 1 1 A
-150  -100 -50 0 50 100 150 200

-200
fake missing Ex (GeV)

O 5.9: Fake missing E'x distribution in QCD 2/4 jets sample

oooooboooon,s20000000,0000 fittingd OO single-Gaussian O 0 0 0O O
background DO 00000000, Atlfast 0 missing Fr 000000000000 0OCOOO
000,520000 double-Gaussian O fitting0 OO0 0000000, Atlfast 0000000
O missing Exr DO OO 0.

TDR O resolution(0 2.13) 00 ax /> Er 0 fitingD OO OO, 0 55000000000.
000, narrow component DO OO0, ax . Ex +b, broad component 1 OO OO, ex . Ex
O yfittingO OO O

OO0DO0O0oOoon, Y Ex=3000400GeV, 4000 500GeV, 12000 1300GeV O bin O, fake
missing Fx 000 double-Gaussian 0 0 0 fittingOD OO0 OO O000O00OO,00000 fitting
0oooo. 00, > Ex 0O 1700GeV 000 bin 0 signal 0 0 1000 0 0 00 O, resolution [
ecror 000000, fittingODOOODO. Y Ex=300GeV OO0 binO, narrow components [J
broad component [ fitting O OO0 DOO0O0OO0OOODOOO0OOO0OODOO, fittingOOODOO.
OO0, fiting0OOOOODODO 55000000000000.

FittingOOOOOOOOO.

e narrow component
ax Y. Ex +b0 fitting, x?/000 = 5.55/9
a = 0.0171304, error==0.0003882(2.054%)
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b = 5.69599, error=-+0.3272(5.745%)

e broad component
cx Y Ex O fitting, x2/000 = 5.35/10
¢ =0.0336178, error==0.0028(0.8329%)

broad component 0 0 O narrow component 10000000 (D000 300GeVODO)O0O,
single-Gaussian 0 0 0 0 0 0O O, resolution 0 0 narrow componet 000000 .

Ex,EyZsme ring?;'é)_x
Jetl ZEETR D ( ™. )IHTLED

O 5.10: Fake Ep 00O 0O

0.9

Full
—— Atlfast

double gaus smaer

normalized entries
o
=

double gaus smaer jetaxis

o
o
LN AN AR AR R L RN Rl L AR R

o
o
o
-
-
o
N
N
(4
Wl

0O 5.11: A¢(jety, missingEr)

Jet [0 miss measurement [J fake missing £ 0 0 0 0O 0O, fake missing By 0 o 000,00
0000 jetd000O0O00O0O00O00O00. Y Ex O > Ey OO fake missing ExO OO O
oo,05100000,000000 jet00000D00O0O fake missing Er 0000000,
full simulation 00O OO0O0O0O. O00O,000000 jete000O0OO energy sum 000
O energy sum D 000000000, fake missing Er O0000. 000000 jet0O000O0
00 energy sum 000000 energy sum 00000000, fake missing Er O jet 00O
00000000, 05110000000 jetd missing Er 0 A¢p 000, "Fudl”(ODO) 0O
full simulation 0 0 O ,”double gaus smear” (00 ) 0 X, YOOOOOOOOOOOOOOOO
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00O ,”double gaus smear jetaxis” (OO0 000) 0000000 jet 000000000000
J00b0o0oob0ooobOoonD. DbOooOo,”double gaus smear jetaxis” O O [ ”double
gaus smear” 000,00 00000, /2000000000000, full simulation OO O
O00.000,X00YUOOOOenergysumOOOOOOO,000000 jet0000OOO
O0000 energy sum 0 O000000000O0D00O, 00 fullsimulation000000000O
ooooooo.

Full

=
<)
%

—— Atifast

=
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3

double gaus smaer jetaxis

normalized entries
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fake missing Ex (GeV)
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O 5.12: Simulated fake missing Ex

0 5.120 QCD 4jets sample C O fake missing Ex 00000 0. Fast simulation 0 0 0O O
fake missing Er0, 0000000 full simulation 00 O00O0O00O. OO double-Gaussian
O fittingOD O OO O0OO0O0ODO fake missing £ 000 full simulation 000000000, O
000000 QCD background 000000000 OOODOO.

-
o
%

-
o
@

real missing Et
fake missing Et
fake missing Et (Atlfast default)

counts/10GeV
R o o
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100 200 300 400 500 600 700 800 900 1000
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O 5.13: Real missing vs fake missing

0 5.130, QCD 4jets sample C O real missing Fp 0 fake missing EFr 00000, 000
real missing Ep, 000000000 double-Gaussian 0 0 000 0O OO fake missing Ep, O
00O Atlfast O default O fake missing £ OO0 0 00 O. QCD 4jets sample C O light flavour
000000000,ISROFSROODOOOO gluonD, bb, cc0000000000,000
heavy flavour O quark O 0 0 00O O, real missing £ 0 00 0O . Heavy flavour 0 quark O 0 0
ooboooooboodn, real missingOD OO0 00 binODOOOOO0ODODODOOO. Fake missing
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Er 0 real missing Er D0 0000, 20 300GeV O O O missing £r 00000, fake missing
00000, real missing0 0000000000, O00O0,000000 SUSY O selection O
O00,000 missing Er O0O0O00000O00O0O0O,QCDOOOODOOO background O
0000, fake missing Fr 00 0O real missing £y 00000000000 OOOO.

Crack 00O

250000000, crack000O0 calorimeter OO0 O00O0OOOOO, energy measurment
O resolution D0 O OO0O00O. ODOOO, crackOOO jet 0OO0DOOODO, missing £ O
resolution 0 000000000000, full simulation0 0 000O00O0OO.

O0000,000090jet00000000000 (All eta sample) 0,00 100 jet O
crack 00000000 ODODO (crack sample) 0000, crackOD000O, 14 < || <160
0,¢00000000000.00,0000000 PPO0O0DbLINOOOOODOOO.(OOC
oo C.a)

102

10?

ExSum=1300-1400GeV
Sigma1= 28.238
Sigma2= 52.974

Constant1=1602.060

ExSum=1300-1400GeV
Sigmail= 46.077
Sigma2= 46.077

Constant1=693.442

T T
-+

counts
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8
ST

- vl b b b NG NG PRSI 10 ) Y S | S N T (O T S S Mt 11 1 A
450 -100  -50 0 5 100 150 200 200 -150 -100  -50 0 5 100 150 200
fake missing Ex (GeV fake missing Ex (GeV)

O 5.14: Fake misssing E'x distributon in All n 0 5.15: Fake misssing Fx distributon in crack
sample sample

resolution (GeV)
100

crack narrow component —xX— %
|
80 all eta narrow component- > -
all eta broad component—+3— |
% x
60 [ J
Lok g f :
¥x 1
£ % - ¥
| I 1
40 ! ¥ o
X & |
*
L *
20 *
n e
0
0 500 1000 1500 2000
ExSum (GeV)

0 5.16: Resolution in all eta and crack sample

0 5.14,0 5.150 > Ex = 1300 ~ 1400GeV O fake missing Ex 000 00. 00O single-
Gaussian O fitting 0 0 0,0 00O double-Gaussian U fitting D 0O 0. Crack DO OOO0OOO
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all eta sample D OO0 OO resolution 0 00000000 OO0OOO. OO0O, all eta sample O
double-Gaussian 0 O 0 O, crack sample O single-Gaussian 0 0 O .

05160 Y Ex 0 100GeV OO O binODO0OO, O bin O double-Gaussian O fitting [ O
0O0000. Double-Gaussian [ fitting D0 OO0 binODOOOOODOO0OOO. ODOOODO
bin 00 00O crack sample [0 narrow component [J broad component 0O OO O, single-
Gaussian 0 OO0 00O0O0OO. Crack sample O sigle-Gaussian 0 0 00 00O O, all eta sample
0 double-Gaussian 0 0 0 O O, energy resolutotion 0 eta dependence 00000000 O0O.

Crack 000000 fast simulation 0 00 00000. OO00,0000000000.
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060 Background[ ][]

6.1 Event selection0 00000
0000 SUSYDOODOO selectionD 000 OOOO.
L. Br > max(100GeV,0.2M )
2.40000 jet (Jn| <2.0,Pp >50GeV, 000000 jet O Pr > 100GeV)
3. Transverse Sphericity > 0.2

SUSYODOODOOODOOQO multijets d missing £y 00000, missing Er 0 jet 0 400

goooo.doo,1330b000ooo,sysyooogoo,bboooboooooogooo

0000, Transverse Sphericity 0 O O selection 0 00 O .
1.230000000,SUSY0O00ODOOOODOO 20000.

1. 0 lepton mode
Isolated electron O isolated muon (Pr > 15GeV, |n| < 2.5) 000

2. 1 lepton mode
Isolated electron O isolated muon (Pr > 15GeV, |n| < 2.5)0 10
0000 selection 0 O O O, transverse mass(Fr, lepton) > 100GeV

1 lepton mode 0 0 0O 0O O, Wjets O background O O 00O OO O, transvese mass 0 O O O
Oo00oOooooon. W4jets O background O O 0O O, transverse mass 0 WO OO OOO
80GeV O OODOODOOODO. resolution0 0000000000 100GeVOOODOO.

Background 000000000, lepton O efficiency 00O 6.1, Fake ratio 0 light flavour
000 heavy flavour OO OO 00,0 6.2,0 630000,00000000. Efficiency O
SUSY sample 0 SUL(me=70 GeV, my/5 = 350 GeV, A = 0, tanf = 10, sgn(p) = +) O full
simulation 0 0 0 O, fake ratio O 4jet sample O full simultaion 00000000 . Isolation O
000 electron 0 5GeV, muon J 10GeV O OO, conesize 00000 04000. O0ODOOO
0000 fake lepton 00000 Prrange0 O OO0, 100 fake lepton 000000, O 6.2,
06300000000000. Efficiency 000 00O, isolated lepton O O O full simulation
0o00oO0Dooogboo, fast simulation O efficiency OO OO, O 6.1 0000 fake lepton
00000, full simulation 0000000, jetd lepton 00 0000O. OO0, tagd DO OO0
O electron 0 jet OO OODO.

QCD background D OO OO, 5.300 00 double-Gaussian 0 0 0 00O O, fake missing Er
oooo.

0 6.2 0 0 lepton mode O Effective mass 0 [0 00, Background O Parton Shower O O 0 [
oooooooO. O 6.30 Matrix Element O backgournd D OO0 0OO0O. O0OOOODOO,
Matrix Element [0 study 0 Parton Shower 0000, 000000000.
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0 6.1: Lepton efficiency

Py range (GeV) H electron muon

Pr 15-35 0.68  0.72
Pr 35-50 0.71  0.75
Pr 50-80 0.71  0.76
Pr 80-130 0.67  0.76
Pr 130-200 0.54 0.75
Pr 200- 032 0.74

O 6.2: Lepton fake ratio(light flavour O O )

Py range (GeV) H electron muon

Pr 15-35 5.62 x 1074 2.43 x 10~*
Pr 35-50 3.22x107% <215 x10°°
Pr 50-80 2.26 x 1074 < 1.88x10°°
Pr 80-130 2.14 x 107* <214 x 107
Pr 130-200 1.31 x 1074 <263 x10°°
Pr 200- 731 x107% <731 x107°

1. Background 00 O O factor 2 ~ 50

2. Background 0000, signal 0O OO0OO.

MEODOO studyO0O,0000 SUSY O selectiond 0 SUSYOODOOOOOODOO, selection
oooooooobooooooo.

0 6.4 0 1 lepton mode O effective mass 0 00 0. 0 lepton mode J 0O 00O, SUSY O signal
J00O0oO0,00000 background DO O OO. 1 leptonmode [0 dominant background [J
tt+jets 000000000000 0000O. #+ jets O cross section 00000000,
background D OO0 10000000, 00000 background 00O OOODOO0OO. OO
00, 1 lepton mode 0 0 lepton mode 00 0D O0ODOOODOODOOO.

6.2 Selection 00O

0000 selcection D00 O0O0O0OO0O0O0O.

ATLASOOODODODODO significance O, signal 0 0 0O s, background D00 6000,

gbooood.

Sp=-—=
=W

(6.1)

00, me0 0000 100GeV~2000GeV 0000 100GeV O O, my /o 00000 100GeV~1500GeV
0000 50GeVO000000,000000000. 000000 SUSY O signal O Pythia
00000000, 00,0 64000000, missing Er(Fr), leading jet O Pr(Pr,), 20 4
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Unused muon

Not tagged muon

Atlfast muon =»<Muon efficienc Used muon
Fake muon
Atlfast jet —#<_Fake ratio Used jet

Not tagged electron

Used electron

Atlfast electron‘

0 6.1: Lepton fake and efficiency

K4 LHC Point 2
10 g
-8 75 o
10 7, 10

: g
3 oF 310° — susy
010 & sum of all BG
o E S @ ttbar+Jets
g = % 10* A Walets
a 10 3 V Z+lets
E 10 §_ o 10° B QCD real+fake
g af i
B10 = 10°¢
° E E

42 10 7
10 _
E 1 NN AR A A A A AN b
- (] 0 4000
10 -13 . Effective mass (GeV)
0 1000 2000 3000 4000
M, (GeV)

0 6.3: Effective Mass 0 lepton mode(ME

. study)
0O 6.2: Effective Mass 0 lepton mode(PS

study)
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0 6.3: Lepton fake ratio(heavy flavour O O )

Pr range (GeV) H electron muon
Pr 15-35 1.32 x 1073 2.38 x 1073
Pr 35-50 1.28 x 1073 < 4.27 x 1074
Pr 50-80 < 3.65 X 1074 < 3.65 x 1074
Pr 80-130 1.14 x 1073 < 3.80 x 1074
Pr 130-200 4.75 x 107 < 4.75 x 1074
Pr 200- <361l x107* <3.61 x1074
»'F
%105; — susy
g E 7 sum of all BG
] ns @ ttbar+Jets
g10' A Wilets
5 E V Z+dets
8103 ; »,» [l QCD real+fake
102; ..g.
% /‘ % 777
-9 A
‘i, 7
L 500 1000 1500 2000 2500 3000 3500 4000

Effective mass (GeV)

0 6.4: Effective mass 1 lepton mode (ME study)

000 hardO jet O Pr(Prpog34), transverse sphericity 00000, S, 0000000000
ooooo.

0 6.5,0 6.6 0, mg-my o 0000 missing B U selection 00000000, ATLASOD,
SUSYOODOOOODO signal000 10000000000000O, signal000 1000000
OSuSsYoOooooDoooDO,0000 missing EBr0000000. 0 lepton mode 0 OO
00, m;,00000000,000 missing B 0000000. 000, my,,000000
oo X?DDDDDDDDDD,missingETDDDDDDDDDDD.

0 6.7,0 6800000 leading jet O Pr(Pr;) 000000, SignalOO0O0O0 10000
goosuSsyoooooooooo,0bog ppOOOOCDOOO. O lepton moded OO 0O,
my, 00000000000 P,O000000000, min(m(d),m3) 0 m(x3), m(xi) 0

00 6.4: Scan variable

variable lower limit upper limit
Fr 100 1000
Pr 100 1000
Prossa 50 500
transverse sphericity 0.1 0.3
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missing Et (GeV) missing Et (GeV)
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0 6.7: Required Pr; for 0 lepton mode 0 6.8: Required Pr for 1 lepton mode

goooooo, ppPO0OO0ODO jet0000OD0O0OODOOODO. DO,0D000DO0DOOO0O,
m(g~)>m(t~)>m()~(8),m()}{t)|]DD,DDDDDDDDDDDjetl] PrOO000OO0O0ODOO
gooo.

069,061000000204000 hardO jetO Pr(Prp3s) 000000, SignalO O
J1o0ooogosusyoooooooooo,0oog ppO0ODOOO0O. 0 lepton mode
oooo,me000000DOODOOOD PPOODOOODOODO.OODOODOO,g0 ¢qOO0OO
ogooooooobobon,g—ex00o0oboo. 000,q000obO0ooog, g—gy00
000000000 hardO jet 000 O000OD0OODOOODOO.

1 lepton mode 0 0 O 0O O, missing Er, Pr1, Prp34 000, 0 lepton mode 0 000000
0ooooood. ogo, 1lepton moded signal 000000000, selection 00000
OO0signal0O00O0O0O0O, S,000000000000D00O.

0 6.11,0 6.120, selection 000000000 Effective Mass 00 O00O00O. SUSY O
signal0 ,4.10000000000000000, m(g) ~m(q) ~1TeVOOO. OODOOO
O selection 0O 6.500 0. 0 lepton mode, 1 lepton mode 0 0, 000 missing E 0000,
background 0 0000 0. 0000 (O 6.3,0 6.4)000, signal 00 0O background 0 0 O O
gooooooooob,0boobooboobobooog.

6.3 SUSYUOUOgoQO

0000 ATLASO SUSYOOoOoooooooo.
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0 6.9: Required Prg 34 for 0 lepton mode O 6.10: Required Prp 34 for 1 lepton mode

-
=)
>
-
=)
c

-
=)
™

— SUsY

sum of all BG
@ ttbar+Jets

A W+lets

V Z+lets

I QCD real+fake

— SuUsY

sum of all BG
@ ttbar+Jets
10° A W+lets

V Z+dets

[l QCD real+fake

=
Q
>

-
=)
%

LRLLLLLL/ B AL I AL B L/ AL L

counts/400GeV/10fb™
counts/400GeV/10fb™
o

10?

4 7
s
s

10?

.......... Z 7

%4 i A& L P P M B
500 1000 1500 2000 2500 _ 3000 3500 4000 0 500 1000 1500 2000 2500 _ 3000 3500 4000
Effective mass (GeV) Effective mass (GeV)

0 6.11: Effective Mass 0 lepton mode (opti- 0 6.12: Effective Mass 1 lepton mode (opti-

mized selection) mized selection)

ATLASOO,s> 1000 S, >50000,SUSY000000000000000. Selection
oooon, me-myp 000 SUSY U signal DO OO0DOOO, S;000000000DOO
ooooooogd.

0 6.13 O integrated luminosity 0 1fp~' 000000, O 6.14 0 integrated luminosity O
10fp-'000000000. 00,8, >500s>1000000000000000000
ooooo,0000 my,, 0000000 SUSYOOOOOOOODOODOOoOoOooo.

0 1.70 g0 ¢O mass contour 0 000, 16~ 0 min(m(§),m(§))~1.5TeV O SUSY, 105"
0 min(m(g),m(¢))~2TeV O SUSYOO,0000000000000.

0 lepton mode 0 1 lepton mode DO OO OO, 1 lepton mode O 0 lepton mode O 00 [
O,signal000000O00O background DO OOODOOOOOOO. OODO, significance O
Sf:%DDDDDDDDDDD background D0 00 root DO O ODOOOOO, 01 model
000000000 000D0D0. OO0, 1lepton modeO signal 00000000, s>100
00000 discovry potential 0 0 O 0O O.

061500000000000000 B|00O0,00000000OO0O0O0OODOO,000
0 100GeV OO m,,, 000000000 . MED study 00O background DO D OO OODO

ooboboooobn, mypp0100GeVOOODOOODODOOODODO,DD20000000
goo.

1. Background O root OO0 S, 0000000.

2. 00 generator 00000000000 OO0OODODOO,SUSYODOODOOOOOODO
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O 6.5: Optimized selection

variable optimized value for 0 lepton mode optimized value for 1 lepton mode

Er (GeV) 450 600

Pr, (GeV) 250 130

PT,2,3,4 (GeV) 50 130

transverse sphericity 0.1 0.3

m1/2 (GeV) m1/2 (GeV)
1400 1 ?Ilaeppttoonnmmcfdd: j 1 1400 ?prﬁgnr;ngeej
1200 [ 1 1200
A | X
1000 1000 W KR
+.
800 [ 1 800 Ttk
A o RO
i HKXse s +

600 TRy 4 1 600
400 o ] 1 400
200 1 200

0 0

0 500 1000 1500 vy 200 0 500 1000 1900 1 o) 200

0 6.13: 0000 (1fb7Y) 0 6.14: 0000 (10fb7 1Y)

goog,booboooboooboobobooon.

0 6.16 O, 0 lepton mode d 1 lepton mode DO OO0 S, 0000000000000, O
00000 0leptonmode00O0 S, 000000000,000000 1 lepton mode O 00
S;00oiooooooonn. my,0 200GeVE 700GeV OO OOODO 1 lepton mode U 0 0
S;0000,1leptonmode000000000000O00O0O0OO.

6.4 U0UOOOOO0O
6.4.1 MLM methodO OO0

MLM method D OO ODOOODOOO, matchingO OO jet 0 P, ODOODOOOOO, back-
groond 00 00000000O0DOOCOO0O0. O00,Z—vv+NjetsOOODOODO, MEODO
O0000 parton 0D OO0 PrO 40GeV O DO OO0, 40GeV OO 0O jet O matching 0O OO
O0. 40GeV O jet DODOODODO 5GeV IO OO, jet O cone size 0 0 00O fast simulation O
000000, 5GeVOOO £10GeV O OO, 30GeV O 50GeV 000 jet 0 matching O 0O
O. PrO30GeVOOOO jet0000D0O0O0 matchingOOOOOODOO, 50GeVOOOO
oooooooooon.

0 6.6 0, matching OO jet 0 P, OOOO £10GeV O OODODOO, background DO 00O
ooooOoOgO. Background OO O Olepton DO O OOODO selection0 00 O0O0OOOOO
O.#040000,W/Z+jets0 700000 partond PSOODO0D0ODO, ti+3jets 000
0020000 jet, W/Z+6jets0 0000 50000 jet 0000, jet 00 matching 000
0. 000, tt+3jets, W/Z+6jets 0 00 00 00O, matching 00 0 jet 0 Pr 000 0-10GeV
000D jet000000O matchingOOOODOODODO,0000000D0OC0O0OOODOO0OO
ooooogoooo.
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14']'} | TTT | TTT I T 1T | TTT | TTT I T 1T | LI | TTT
........ e JLat=10m" T
tan(f) =10, 1> 0,A, =0

M, , (GeV)

1200

1000
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0 200 400 600 300 1000 1200 1400 1600 1800 2000

M, (GeV)

06.15: 0000000000000 (10f61)

m1/2 (GeV)
Sfol>Sf1l X
1400 St1l>sfol+
1200 [
Fox X X X X
1000 X X X XXEXX
XRXRXKXKKK X X
XXXXXEEEX XX
800 | XRXRXKXKEKERRKXK X
XXXKEEKERRXXX X
TEXIXXXK
- Xxix 4
600 I%X
+
LF XS L X X 1
400 +><><+><$ I
xiixx X X X X X X
+ T E X+ XXX X+ X X XX+
200F X X X X X ¥ X X XX XXX LEXEXT
XXX RXRXKRRRXKXERXX XX +F XX
XXX KKXRXRRRFIEXKXKXXKXKX XXX
0 . . . .
0 500 1000 1500 2000
mo (GeV)

0 6.16: Superior mode

06600,Z—-770000000,000020%0000000000000. Z—770
000000000 50%000000,MEOOOOOOO parton 0000 Pp O 20GeV O
oo, MEOOOODOOOODOODODODODODO. Z—-7U0b0O0000O0ODOODOO,
goooboooooobooboob,obooboobooboboboobon.
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0 6.6: Matching uncertainty

Pt of Jet for matching || Default -10GeV +10GeV

Process # BG(10fb-1) | #BG(10fb-1) | #BG(10fb-1) || uncertainty (%) | uncertainty (%)
tt (WW — Ingq)

Ojet 6299.85 9512.16 7358.56 —12.5 16.8
ljet 16097 14065.9 18215.3 —-12.6 13.2
2jets 12919.2 11311.5 14282.4 —12.4 10.6
3jets 6132.55 7248.91 4397.96 —28.3 18.2
tt (WW — Inin)

Ojet 16.2162 14.7523 27.7027 -9.0 70.8
ljet 395.549 345.341 519.75 —-12.7 314
2jets 1086.01 932.887 1254.32 —-14.1 15.5
3jets 1343.84 1350.75 1298.88 -3.3 0.5
W — In+jets

2jets 1259.12 1077.99 1736.48 —14.4 379
3jets 5979.56 5166.93 7189.66 —13.6 20.2
4jets 6017.22 5125.47 6927.83 —14.8 15.1
djets 2408.87 2005.09 2782.85 —16.8 15.5
6jets 981.42 1057.25 765.408 —22.0 7.7
Z — TT+]jets

2jets 80.2503 35.3268 155.494 —56.0 93.8
3jets 227.912 95.0404 432.872 —58.3 89.9
4jets 254.492 97.0703 505.078 —61.9 98.5
djets 180.597 68.209 381.343 —62.2 111.2
6jets 353.208 366.038 171.698 —-514 3.6
7 — vv+jets

2jets 359.398 304.261 582.206 —15.3 62.0
3jets 3297.64 2790.54 4092.67 —-154 24.1
4jets 5266.53 4427.16 6152.63 —-15.9 16.8
djets 2869.15 2347.49 3359.68 —18.2 17.1
6jets 1826.58 1951.83 1431.08 —21.7 6.9

6.4.2 Cross section0 0 00O

0000000000000 0000 hard scatter scale 000000000 OOO0OO0O
000, generator DO OO crosssection D00 O00O00OO0. DO00O0OOgetO 10000,00
000 1.15000000000000000002Z+2jets 00 1.152%, Z4+4jets 00 1.15* 00

gooooooog

6.4.3 0U00O0OOOOOO0

Genarator 000000 b0 0O,00000000 matching 0000, cross section 0 0 O
00000, background DO O O00O0O0O. Backgroond DD 000000000 *00000O0O0

000,S;0000 £AS; =

-5
VoxbO0OO

“Abi, Abs, Abs.. 0000000000, 000000000
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mi/2 (GeV) m1/2 (GeV)

Ollepton mode + O'Iepton mode + ]

1400 1lepton mode - —+ - 1400 1lepton mode - —+ -
1200 1200
1000 1000
800 800
600 600
400 400
200 200
0 + * * * 0 + . * *
0 500 1000 1500 mo (GeV)2000 0 500 1000 1500 mo (GeV)ZOOO
0617: 000000000 (1fb7Y) 06.18: 000000000 (1061

103 ~104fp!0000000000,signal 00000000, 06.17,06.170,00000
0000000000. 000000000000000 1£67'00 myj, 0 £50GeV, 10£5~!
00 my;, 0 £100GeV 00000, 000000000000000000000000.
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70 OO0

0000 Parton Shower O background D000, PSOO0OO0O jet00000O0O0DOOO
000000000 000.00000 Matrix Element 0000 jetO0000, 0000000
ooo.

Missing B 0 SUSYOOOOOOOOOO,0000 resolution00 000000 fake missing
Er-0000. QCD background O cross section 0 SUSY O cross section 000000000
Ooo0, QCD background OO OO0O0O0OOO, fake missing Hr 000000000000
O . Fast simulation O default 0 missing E7 O full simulation O fake missing E 0000 O
00000000bO0bOobDO0, Full simulation O fake missing £ 00000000 fast
simulation J 0 OO O.

0O00do, 0 lepton mode 00O background O PS study 0 205000000, 000 back-
ground 0 signal 0000000000000, 000 selection00O00O00O0O0OONO, se-
lection 0000000000 ODOO0OOOO. OO, 1 lepton mode 0 0 lepton mode O [0 O
background 0 0 0 00 O, dominant O background O ¢t+Njets 000 000 O, background
gooooooo,bbooooooobboooboooooooo.

000, selection 00000000, ATLASODODODOD 10f6~100 2TeV O SUSYO OO
ooooooooogooo.
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1 O A Parton Distribution Function

gooooooooooo,0o0oooooboooboooooboobooogn parton O
0000000. 0000 parton(u, @, d,d,gluon 0) 00000000 Parton Distributon
Function(PDF) 000, 0000000000000COO xOOOOOOOOOOO Q2D

filz, Q%) (A1)

00000.000,Q?’000000000000000 partonid00000000D00O0
0000 xO000O0000O0000000O0000O0.

000000000 A1DO0DOO0O0OO0O0O00,j000000 1,2 00000000000
000000000, parton 1,j0 00000 =z, 2, 000000000000 0O0OO,00
cross sectionJ O OO0,

fi(wlaQ2)fj(w23QZ)O—Aij(plap%as(QQ)) (AQ)
O00O000O. 00O total cross-section O

o(Pr, P2) = /fz’(whQZ)fj(%'z,QQ)U%j(p1,p2,as(Q2)) (A.3)

pPz=xzP: e EE R e

Proton 2

O A.1: PDF O cross section

0 A2, 0A30 Q%= (10GeV)?20 @Q? = (100GeV)? 00 parton 0 PDFOOO. OO0 O
oooooag.

1.lowxOUOOOOOoooooooOo.
2. 0000000000 wdOPDFOO x=1/30000000.

3.Q°0000000, lowxO parton 00000
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down-bar+""

103 x 102 10 1

0 A.2: Q? = (10GeV)? O PDF

fiX, Q@)

gluon/10

103 x 102 10 B

0 A.3: Q% = (100GeV)? 0 PDF
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RGPS fi(X,Q)

i = sea quark —_— i = sea quark

-+ -+
L) fi(X, Q)

i = valence quark i = valence quark

A

O A.4: valence quark O sea quark 0 PDF

PDFO000000000000000, valence quark 0, 0000 gluon ¢¢ 0000
00000000 seaquark0 2000 PDFOOOOOOOOODO. (A4)

seaquark 0O 0000000000000 0OOOOOOO,lowxOOOOOOOOOOO
0. 00 valence quark 0 PDF 0,000 vwud0 300 quark 000000 O0ODO, 1/3000
gooooooooaa.

Q?0000000,1/Q?00000000000000000000,000 order 000
0000, lowx0O seaquark 00000 .(0 A5)

Q2MWKRELVE
BRODHRNRZSD

Q2H SN &
INSTEFEEIAN R Z 750N

0 A5 Q?00000
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0 OB QCD 4jets samplel]

double-Gaussian fiting

ExSum 100-200GeV ExSum 200-300GeV
Entries 50 Entries 674
> Mean -0.6 > = Mean 0.1409
© RMS 9.268 © RMS 10.18
e %2 I ndf 7.118/7 @ r x2 1 ndf 6.731/10
b po 75141360 5 s po 886.2+37.9
= p 476741205 E10% | pt 9.119.+ 0.550
3 p2 27.26:1942 3 = p2 -14.79+2.23
© 10— © E
10
1= r
L 1
M N PR T /SRR NI S V I A S N IR I I U G I P S
-200 -150 -100 -50 0 50 100 150 200 -200 -150 -100 -50 0 50 100 150 200
fake missing Ex (GeV) fake missing Ex (GeV)
ExSum 300-400GeV ExSum 400-500GeV
Entries 2316 Entries 4213
= Mean 0.07988 3 Mean -0.0267
3 E RMS 1257 310 E RMS 14.36
Qe C %21 ndf 103/19 @ E %2/ ndf 17.6/20
b r po 2740:618 5 F po 4650 £79.4
= p1 12604 E r pl 14.72+0.26
é 102 p2 10.81+2.26 § r p2 11.4+1.6
E 10° =
= i
E 10
1
1
CononlnonollonnalllananflonnnVidlooallonnollonan U SN IR | RN IR | RPN R RV
-200 -150 -100 -50 0 50 100 150 200 -200 -150 -100 -50 0 50 100 150 200
fake missing Ex (GeV) fake missing Ex (GeV)
ExSum 500-600GeV ExSum 600-700GeV
Entries 5506 Entries 6660
> Mean -0.05358 Mean -0.03979
©10° RMS 16.04 ©10° | 18
e E %2/ ndf 1992/23 @ E 36.28 /31
] £ po 5762+851 5 E 6613 + 88.1
b H 15+03 E C 16.73 +0.33
3 L p2 19.73+0.87 3 L 21111
Q 1<}
o o o
10° = 10° -
10 ? 10
1=
E 1=
e by b Sl b LN L Bt b A ey UINGE
-200 -150 -100 -50 50 150 200 -200 -150 -100 -50 50 100 150 200

100
fake missing Ex (GeV)

fake missing Ex (GeV)

0 B.1: QCD 4jets sample 0 double-Gaussian fitting 1. 0 0 0O pl O narrow components [J
0 (GeV), p2 0 broad components 0 0 (GeV) OO 0.
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100
fake missing Ex (GeV)

ExSum 700-800GeV ExSum 800-900GeV
Entries 7419 Entries 8793
= Mean 0123 Mean -0.2934
©10° 2037 ©10° 22.31
e E 4185/37 @ F 38.85/38
@ C 6974881 G = 7894 +91.2
€ - 1857036 £ F 20.09 +0.30
3 r -24.06£1.22 3 P 28.4+0.9
8 8
102 10
10 10
1= 1 E
b dh b e L N e M e e I
-200 -150 -100 -50 100 150 200 -200 -150 -100 -50 100 150 200
fake missing Ex (GeV) fake missing Ex (GeV)
ExSum 900-1000GeV ExSum 1000-1100GeV
Entries 9095 Entries 7534
Mean -0.1122 3 Mean -0.1245
210° [ RMS 2097 310 E RMS 26.84
Qe E 30.29/45 Q@ E 44.7/ 46
] C 7719881 G F 6155 +77.4
= - 22361030 £ r 24.04 £0.36
3 - 3263+085 3 r 34.89 +1.01
o O, 2
10?2 102
10 10—
1=
E g
b W A ey N Bt At NG
-200 -150 -100 -50 100 150 200 -200 -150 -100 -50 00 150 200
fake missing Ex (GeV) fake missing Ex (GeV)
ExSum 1100-1200GeV ExSum 1200-1300GeV
Entries 6350 Entries 5754
> - Mean -0.4967 > - Mean -0.6396
© = RMS 2891 ® = RMS 31.21
Qe C 28.68/52 @ - 53.27 /52
] - 5965 +80.6 & r 4407 + 63.9
b L 27.49+028 ¢ r 26.74 £ 0.45
3 -1.689+05 + 77755 3 -42.45 £1.25
8102 = g10°
10 10
14 & 1
I A T P PSRN ISR IUNPRRNN NSRRI |1 | I N B e DA b e L N
-200 -150 -100 -50 100 150 200 -200 -150 -100 -50 00 150 200
fake missing Ex (GeV) fake missing Ex (GeV)
ExSum 1300-1400GeV ExSum 1400-1500GeV
Entries 4861 Entries 3557
> = Mean 0.3144 > - Mean 0.8408
© r RMS 3337 © L RMS 35.32
Qe L 51.48/57 @ L 40.75 /50
@ L 3602:56.8 5 2540 +46.4
€ 28.58+0.53 £ 10% | 30.61:+0.67
3102 4441153 3 E 49.34 £2.32
o E o rC
| 10
10 E
1=
ol S e e L N e A e e L e N
-150 -100 -50 150 200 -200 -150 -100 -50 150 200

00
fake missing Ex (GeV)

0 B.2: QCD 4jets sample [0 double-Gaussian fitting 2. 0 0 0 O pl 0 narrow components [J
0 (GeV), p2 0 broad components 00 (GeV) O OO .
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ExSum 1500-1600GeV ExSum 1600-1700GeV
Entries 2188 Entries 1154
- Mean 08196 Mean -0.6293
© 3772 o, ., RMS 39.66
g a748/56 Q10" — + 2/ ndf 49.27/48
5102 1522+358 G = 752.9 + 25.0
b E 31.42:088 E E 35.47 +2.07
3 F 5195+308 3 C 49.2:8.6
o C o
10 Wl
1
L AL e b L L d N L LA e L L e Nl
-200 -150 -100 -50 0 50 100 150 200 -150  -100 -50 0 50 100 150 200
fake missing Ex (GeV) fake missing Ex (GeV)
ExSum 1700-1800GeV ExSum 1800-1900GeV
Entries 468 Entries 148
> - Mean 1.538 > = Mean -3.412
© F RMS 4236 © RMS 36.14
9 + %2/ ndf 38.79/44 Q@ - x2/ ndf 23.95/33
G r J( po 287+16.1 5 po 98.79 + 10.85
£ T Jﬁ 1 p 36.1+23 E WL pt 26.18 +3.97
g 1087:418 3 9| p2 -124.8 + 81.2
o o |
10 L
1=
1 C
o e e b e Ll L oo ENRRNIN I P 1 1 P PO PR | P L O PP
-200 -150 -100 -50 0 50 100 150 200 -200 -150 -100 -50 0 50 100 150 200
fake missing Ex (GeV) fake missing Ex (GeV)
ExSum 1900-2000GeV
Entries 94
> Mean 0
© RMS 47.65
Qe 18.04 /29
@ 10 57.7+7.9
b C 52+18.6
g = -235 + 309.4
3 L
1=
el A e e e e e N
-200 -150 -100 -50 0 50 100 150 200

fake missing Ex (GeV)

0 B.3: QCD 4jets sample 0 double-Gaussian fitting 3. 0 0 O pl O narrow components [J
0 (GeV), p2 0 broad components 0 0 (GeV) OO 0.
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[0 O C (Generated Background

O C.1: Di-jet sample

all eta sample H Py range (GeV) cross section (mb) #generated events

J1 17 ~ 35 1376 about 20000
J2 35~ 70 9.327 x 1072 about 20000
J3 70 ~ 140 5.884 x 1073 about 20000
J4 140 ~ 280 3.084 x 1074 about 20000
J5 280 ~ 560 1.247 x 1075 about 20000
J6 560 ~ 1120 3.604 x 1077 about 20000
J7 1120 ~ 2280 5.707 x 10~ about 20000
J8 2280 ~ 2.444 x 107 about 20000
crack sample H Py range (GeV) filter pass rate # generated events
J1 Crack 17 ~ 35 0.01621 about 8000
J2 Crack 35~ 70 0.02181 about 8000
J3 Crack 70 ~ 140 0.02518 about 8000
J4 Crack 140 ~ 280 0.02746 about 8000
J5 Crack 280 ~ 560 0.02697 about 40000
J6 Crack 560 ~ 1120 0.02372  about 8000
J7 Crack 1120 ~ 2280 0.01112  about 8000
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O C.2: Background generator cut

process H generator cut and scale

W—ev, uv || Pr >40GeV and eta < 2.7 for all jets
Pr >80GeV for 2jets
scale=m(W)? + P%W

Z— vv Pr >40GeV and |n| < 5.0 for all jets
scale=m(Z)? + P%,

Z— 1T lepton Py >10GeV both and |n| < 2.5
MI1l=50-500GeV
jet Pr >20GeV |n| <5 R > 0.7
scale=m(Z)? + P%,

tt = lvqq || Pr > 40GeV and || < 2.6 for all jets
Rjj > 0.7
scale=m(t)?+mean of P%J-et

tt — lvlv Pr > 40GeV and |n| < 2.6 for all jets

Rjj > 0.7
scale=m(t)?+mean of P%jet
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O C.3: Genarated background

| o () | L(fp")

W—ev, uv WH2jets || 310 15.9
W+3jets || 157 126.7

Wd4jets || 49.3 42.4

W5jets 12.3 68.8

W+-6jets 2.65 264.8

Z— vv  Z+2jets || 350 39.9
Z+3jets 96.4 42.3

Z+4jets 24.5 95.0

Z+5jets 5.70 69.7

Z+6jets 1.20 120.0

Z-— 11 Z+2jets || 122 71.9
Z+3jets 53.1 87.7

Z+4jets 20.6 102.4

Z+5jets 7.22 67.0

Z+6jets 2.3 26.5

tt — lvqqg  tt+0jet || 235.7 66.6
tt+1jet || 115.8 62.8

tt+2jets 40.4 50.5

tt+3jets 11.6 68.5

tt — lvlv  tt+0jet 58.9 88.8
tt+1jet 28.9 71.9

tt+2jets 10.1 67.2

tt+3jets 2.92 53.9

O C.4: QCD background generator cut

process generator cut

bb+2jets all 4jets Pr > 40GeV |n| < 2.7
at least one jet Pr > 80GeV

4jets sample a || all 4jets Pr > 40GeV |n| < 2.7
highest Pr jet 400GeV > Pr > 80GeV

4jets sample b || all 4jetsPr > 40GeV |n| < 2.7
highest Pr jet 600GeV > Pr > 400GeV

4jets sample ¢ || all 4jets Pr > 40GeV |n| < 2.7
highest Pr jet 800GeV > Pr > 600GeV

4jets sample d || all 4jets Pr > 40GeV |n| < 2.7
highest Pr jet Pr > 800GeV

scale=mean Pr of jets
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0 C.5: Genarated QCD background

| o ()| LY

bb + 2jets 5.52 18.7
4jets sample a || 179 x 103 0.2
4jets sample b || 1.53 x 103 9.35
4jets sample ¢ || 0.2 x 103 33
4jets sample d o1 100
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