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LHC Machine Parameters

Proton-Proton Collider

Circumference: 26.7 km (using LEP tunnel)

Beam Energy: 7 TeV  (Injection E: 450 GeV, PS->SPS->LHC)

1232 MR dipoles B=8.33 Tesla, L=14.3m, 1.9K (2-in-1 magnets)

368 MR quads B'=223 T/m, L=3.1m /

No. of Bunches: 2808 LN A

Bunch spacing: 24.95 ns v, ‘ - g ——

Bunchsize atIP: 16 um W46 0 L5ATA ) L —

Bunch length at IP; 77 mm P 51 %

Half crossing angle: 160 prad W Lo || e

Luminosity: 10%em2st | (il AN S ———

& LA N

Heavy lon Collider = o o' Ineves

Pb-Pb E,,, : 1148 TeV = &

Pb-Pb Luminosity: 10%’ cm2s1

~23 pp coIIisions/c@




Luminosity (c2DLVT

The event rate N for a physics process with cross-section c is
interaction region

proprotional to the collider Luminosity L.
N=Lo
— D) B —

Y T eas T T | KN KNPy
47[0'20'; dr B &

To maximize L:

* Many bunches (k)

* Many protons per bunch (N)

* Small beam sizes Oy y= (B "e)Y?
S~ beam envelope (optics)

£ . beam emittance (phase space volume occupied by the beam)
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TOEFER




Run Number: 152221, Event Number: 383185

Date_2010-04-01 00:31:22 CEST

\;\\

p,(u+) = 29 GeV
nu+)=  0.66
E ™= 24 GeV
M. =53 GeV
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W-puv candidate in
7 TeV collisions
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Total Integrated Luminosity [pb™]

LHC #& 43 luminosity (20104E )

10°E rrr T rrr 1 I ~— B0~ 1 o]
3 = ATLAS Online Luminosity Vs=7Tev = "é u ATLAS OnI|ne Luminosity Vs=7Tev 7
10°E" [ Lhc Delivered 5 2 50— [Hc Delivered -
107 = [ ] ATLAS Recorded = é : [ ] ATLAS Recorded
10 Total Delivered: 48.1 pb™ § 40 1otal Delivered: 48.1 pb™
1 Total Recorded: 45.0 pb'1 ‘E’oj : Total Recorded: 45.0 pb'1
1 £ 30
10 o -
% L
10° E 200
10° 8 -
10°5 O |
24/03 19/05 14/07 08/09 03/11 24/03 19/05 14/07 08/09 03/11
Day in 2010 Day in 2010

Peak luminosity: 2.1x1032 cm-2s! R
ATLAS int. luminosity: 45 pb! Desin Juminostty




LHC #& 43 luminosity (201 14E)

TF‘ B —
o 75 ATLAS Onllne Lum|n05|ty \s = TTeV -
E’* - LHC Delivered ]
§ © - ATLAS Recorded >
E  B5F 1ol Delivered: &AL
5 - otal Delivered: 5. 644k ]
-l - ) -
g A Total Record E
© - .
U} —
g oF 2010 ND~501%
— - — y
g 2= DT7F—2==F
(@ L
= :
s %
0 : o ——_, 3 S Y N () [ N (Y Y T ) B | |||||||
28!02 30/04 30/06 30/08 31/10
Day in 2011

Peak luminosity seen by ATLAS: ~ 3.6x1033 cm2s™!
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Muon Detectors Electromagnetic Calorimeters A T I A -
For

Solenoid

SPDPS yea M2 End Cop Toroid
Magnet 3C, ¥

\ T3 RICH2

MI

Vertex
Locator _ |

Barrel Toroid Inner Detector

CMS-PARA-DDI-11/07/37 aaee




General purpose detectors
for pp collisions

VAN \
/ \ \ \\ -
o N i \\ Forward Calorimeters

End Cap Toroid

Length : ~45m Length : ~22 m
Diameter : ~24 m Diameter : ~14 m
Weight : ~ 7,000 tons Weight : ~ 12,500 tons
Solenoid: 2T Solenoid: 4 T
Air-core toroids Fe yoke

BAT IIL—THSM Compact and modular

16



Muon Detection and Magnet System

ATLAS A Toroidal LHC ApparatuS CMS compact Muon Solenoid

17



ATLAS

CMS

Si pixels + strips

Si pixels + strips

TRACKER | TRT — particle identification No particle identification
o/pt ~ 4x10™* pr © 0.01 o/pr ~ 1.5x10-* p; @ 0.005
Pb-liquid argon PbWO, crystals

EM CALO | o/E ~10%/JE uniform a/E ~ 2-5%/JE
longitudinal segmentation no longitudinal segmentation

HAD CALO Fe-scint. + Cu-liquid argon (= 10 A) Brass-scint. (= 5.8 A + catcher)
a/E ~50%/JE @ 0.03 a/E ~ 100%/J/E @ 0.05
MDT, CSC, RPC, TGC DT, CSC, RPC

MUON a/pr~7 %atlTeV a/pr~5%at 1 TeV

standalone

combining with tracker

18
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ATLAS Tracking Detectors
2 Tesla solenoid o/p; ~ 5x10* p; @ 0.01

("R =1082 mm

TRT

TRT%
\_R =554 mm

(R =514 mm

R =443 mm
SCT

i

R=371 mm

L R =299 mm

R =122.5mm
Pixels { R = 88.5 mm

Transition Radiation Tracker (TRT)
(4% 10° channels) with e/n
separation

1106 mm

617 mm

Si Strips Tracker (SCT)
(6 % 10° channels)

88.8 mm

R=0 mm

PlerS 272‘2172:02505 21182 1771.4
(0.8 % 108 channels) TRT entcap

1399.7
299.9



Calorimetry

Tile barrel Tile extended barrel
Coverage
In|<5 /
LAr hadronic

end-cap (HEC)

LAr electromagnetic

LAr electromagnetic
barrel

Electromagnetic Calorimeter
barrel, end-cap: Pb-LAr
~10%/VE energy resolution ely
180’000 channels: longitudinal segmentation

Hadron Calorimeter
barrel Iron-Tile, EC/Fwd Cu/W-LAr (~20000 channels)
o/E ~ 50%/NE @ 0.03 pion (10 A)

Trigger for ely, jets, missing E;




Muon System

Thin-gap chambers (TGC)
.

Cathode strip chambers (CSC)

Resistive-plate
chambers (RPC)

_ &‘ e ——
| "
g,,

Stand-alone momentum resolution

ApT/pT <10% up to 1 TeV

2-6 Tm |n|<1.3 4-8 Tm 1.6<|n|<2.7

~1200 MDT precision
chambers for track

-

~600 RPC and ~3600 TGC
trigger chambers




A%asn@ ATLASSES®: HADOERA

|| muummm\mW\ m =
LHC Computing Grid

R4 122 5 — E— LRIRR
HE R
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Hadron Collider Basics

1y 1 E
Rapidity: | v= 5 In ( +pz> — Ay : Lorentz inv. in z-direction

6 _ _on
. - . E“lntan_ 1’]—0(—)9—90
Pseudorapidity: | 7 5 Lo a0
2  154°
(y—>n, asm->0) 3« 5.7°
4 — 2.1°
cost = p,/p 5 o 0.77°
Transverse mass”. m2 = m? 4 p2 + p?
(Transverse energy)
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x f(x)

Parton Distribution Functions

MSTW2008 (NNLO) |:

wW=10 GeV?

x fix)

0.8 -
0.0 -

04

C

cl

MSTW2008 (NNLO)
@*=10,000 GeV*

g/10
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QCD Processes and
Experimental Complications

Jet cone/kr Fragmentation o .
- Parton distribution function (PDF)

- Underlying events

- Matrix element (pQCD calculation)

- Parton shower (ME+PS matching)

- Fragmentation (Hadronization)

- Jet finding algorism

- Jet energy scale calibration

- Pile-up events

"
=

\ /

Underlying Event

28



Z =2 U event with 20 reconstructed vertices
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q e,

E;Mss distribution for events with e or p with p;>20 GeV

:.-.106 L B L L I I L I I > T T T T T T
8 ATLAS Preliminary —— pata 2010 s = 7 Tev) 310 ATLAS Preliminary E%aﬁﬁim@ﬂmw
10 10° [ Jw—ev 10 CJaco
N (EJaco i10° Bz
Iy |:|W—-w —~ N
_g 104 -Z—’EE .3104 E‘;‘I—’TT
_'::: Bz -E B
|-|J103 1 I w4
] 10 _ -1
. det=36pb1 det-35pb
10 fee

."

10 10
1 1
=1 i
10 0 20 40 60 80 100120140160180200 0 20 40 60 80 100120140160180200
miss ,
ET [GEV] E?ss [GEV]

31



W transverse mass %%
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Top quark pair production
at hadron colliders

« Gluon fusion (dominant at LHC)

0 a%wm/t * v ¢ Tevatron LHC(7TeV) LHC(14TeV)
o 8 Ng sms 1t T 150y 85% 90%
« Quark-antiauark annihilation
: ¢ 85% 15% 10%
6><m.m< i c~ 7pb 165pb 885pb
g - M‘S_HVZODS (NNLO) % Mzs_Twzoos (NNLO)

-~ \g/10

0.8 |-




Top quark decay

20% 10% 70%

all hadronic o

7))

st

Q

lq g

4 K3

T~ 7))

2 3

g o
bon |

2 8

Q2

W decay mode

ev/uy TV

tau plus jets 10%

k!
5

dilepton lepton plus jets e

B et/ut
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Top quark pair production

E T T T T I Ll T T I | T T 1 T I T _I 1 1 I T I T T I T 1 1 T I T T 1 _
ATLAS &.~ ~ —NLO QCD (pp) ® Atlas (up to 0.7 fb™', prelim.) )
© - HApproC NNLO®R) oo a6 ot prelim) ot |
. —NLO QCD (pp)
m T T T T I T T T T I T T T I T : T T T I T T T I T T T T I T 1 02 — - A NNLO .- —
E ! - Theory (approx. NNLOD) E ppro():j. t0 4.6 i‘:ﬁ; E
2 _[Ldi =35 pb™'(L+jets, 2010) m, = 172.5 GeV C :EE(FS Gfb_l} ' B
o ILdt = 0.70 b '(dilepton, 2011) ¢ B ' .
~J : - -
o L+jets w/ b- tagging .-_._H_. 186+ 10 *2) +6
Z | Dilepton wio b- tagging P 1716 *1§ +8 10= E
8 Combination e 176+5 ‘7 +7 c, ]
1 H r r N
V) L+jets w/o b- tagging ikt 171£17 *% +6 - // 7
;‘ Dileptan w/ b- tagging - 177+6 *11 *% 4 i
H ; b
{ | | | E | {S[aﬂil[sfsﬂi'{lun:l} 1 i TR [ L1 L1 L Ll
0 50 100 150 200 250 300 1 2 3 4 5 6 7 8
olpb] Vs [TeV]

o7 =176 £ 5 (stat.) + }8 (syst.) £ 7 (lumi.) pb.

CMS 9% DIR/ET
Measurement Cross section [pb] Weight E m Eﬁ E *E iau E

CMS l+jets+tag 150 £ 9(stat) £ 17(syst) = 6(lumi) 58%
CMSdilepton 168 + 18(stat) & 14(syst) + 7(lumi)  42%

oy = 158 £ 10(unc.) = 15(cor.) £ 6(lumi) pb
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Summary of main electroweak

and top cross—section measurements

.| Outer error: total

\s=7TeV
Theéry

o Data201

| ; 07t
o
= R

|
E 1 05 . Inner e:rror: statist:ical ATLAS Preliréninary ATLAS
O

I L dt=0.035-1.04 b

= Data 2010 (~35pb™)

Inner error: statistical
Outer error: total

- g

w bz bwy Izp e ot Tww Iowz T ozz

— SMFREEL—E
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Production cross section [pb]
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By ARIF (SM) : LHCRA#RRIDAK;

Ay?

m, . =158 Ga¥
LJ

6 July 2010
| ' (5)
5 N Allog = ]
* 1 — 0.02758+0.00035
1 T % - 0.02749+0.00012
4 - L % e ingl. low Q° data —
3 i
2 —] —
14 | N
0 Excll Udilad . f*:. £ Preliminary
30 100 300

m,, [GeV]

EiEERR(LEP)
M, > 114.4GeV (95% C.L.)

EWs % Al e
M,=89 GeV+35-26GeV
M, < 158GeV (95% C.L)

95% CL Limit/SM

-—y
o

—

Tevatron Run Il Preliminary, L < 6.7 b

------':::::::E:;;.';;IZZZZZEJ-GIS'EG"E":1

LEP Exclusion; || | Tevatron

- | Exclusnou-
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158 GeV < M, < 175GeV (95% C.L)
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Gluon Fusion(ggF)

0 H

g

Vector Boson Fusion(VBF)

10

o(pp —H) [pb]

r1|'|||1|1rr

\s=7 TeV

q _7H

M, [GeV]
W/Z BE{E A Rl (WH/ZH) ttbar B84 4 AR (ttH)
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10

10

10

= —
= i
. fmy R eessesnaskinanng, b
.....................
lllllllllllll

- —
B= —)

ond
= —

o=
- =4

-

/ —
s —
- —
B2 =]
= —

44



1‘“?§=E )bl:‘/72*.‘i.7ri?§§

\\ATLAS pp > H+ -

? EXPERIMENT 2> vy t+ -

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

LHCOIE F IR F&HRT
EVIARFHERSH
2R F(H28R)ICHRR
TRRROEM.

INVDIFREES
e AN

45



Events / GeV

900

800

700

600

500

400

300

200

100

2RFDARRERH

Selected diphoton sample
® Data 2011
Background model
_________ SM Higgs boson m, = 120 GeV (MC)

\s=7 Tev,j Ldt=4.9fo"

IJ-IIII|IIII|IIII|IIII|IIII|IIII|III

4+ +
P

a _||I||I|II -I-H‘IIII_-Illllll
o

P S S S TR A SO S ST S A S T TSR R ST SR SR S S
110 120 130 140 150

7
(o)
®
S

46



Exclusion Limit
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Combination: Sensitivities

|
E : J ¥ ! v ' T T T T ' T T T T T 1 rrn '1 T —
n C H-yy Exp.(49fb") see--- H— WW — lvqq Exp. (4.7 fb")
E — 4 e Hott Exp. (47fb")  eeaaa. H— ZZ— il Exp. (4.8 fb™) -
(o) TN H— bb Exp. (4.6-4.7fb") o H— ZZ- liqq Exp. (4.7 fb™) 7
c Y eeaaaa H— WW- Iviv Exp. (4.7 fb™) R H— ZZ— livy Exp.(4.7 fb7) 7]
O — - esaasas Combination Exp. (4.6-4.9 fb™) —
,— 1]

E 10 / I Ldt~4.6-4.9 b, {s=7 TeV —
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Every channel contributes, H>WW-=>Iviv

has the best sensitivity between 125 GeV and ~200 GeV
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EXIRE (SUSY) —|ezea
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SUSY signals at LHC

(1) mE; B3 4%F# (conventional ) (2) BFHAFHE (B & Lexotic)
max( g.q) i) <= (high) Pt jet GMSB stau, AMSB wino,
min (g.q) Split SUSY model Gluino #3&
[/ J— “ _____ o= Ptjet
> Y - (1) Missingh'HHEDEHY
L v | e exclusive’ZBA{R TIHGL<, —#RIZIX
| missing) " —MELEIcme ARAS_ENSL
S (2) DMIEMSSMERI DELD L EITIE D,
> (3) RHBITEVNERNSTREBRMIC
=1
multi leptons
E.. + High Py jets + b-jets
T-jets ......
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m;, (GeV)

Discovery Potential of SUSY (mSUGRA)

1400 -

1200 -
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Ldt=1, 10, 100, 300 fb!

A =0, tanp=35u>0
(3000) 0
. 9(20% %’ooj
------------ year-at 1033w
e, Eirrnss( 10 fb 1) L
"""""""""""" L. th.ﬁl.t_-._l_Qﬁ_@ _
____________ (1000)
[evatron
0 500 1000 1500 2000
m, (GeV)

N, N _Emamh,__— | the interesting region for Cold DM

DD _2101

m, /»: universal gaugino mass at GUT scale
mo:  universal scalar mass at GUT scale
tanP: vev ratio for 2 Higgs doublets
sign(u): sign of Higgs mixing parameter
Ao trilinear coupling

= If low energy Supersymmetry exists,
LHC will almost certainly observe it

= Squarks and Gluinos detectable up to
2.5-3 TeV mass with 300 fb-?

Need only a short time to cover

&M, LHCRERFBRIICIS
SoTWEDTTH,
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EXITERATFERELEASNDER

% EXPERIMENT

Run Number: 183021, Event Number: 66383304
Date: 20011-06-03 11:01:56 CEST

=0

n 1 2
) "Ir\’. o0 180 FED)
50 BD 5 7

Run=183021 #66383304

Meft(4j) = 1810 GeV

MET =460 GeV  phi=1.8

Jets
pT=528 GeV eta=0.58 phi=-1.45
pT=418 GeV eta=0.83 phi=-0.19
pT=233 GeV eta=-0.91 phi=2.54
pT=171 GeV eta=-0.47 phi=-3.11
pT=42 GeV eta=0.47 phi=1.52

Nvtx =1 with 94 tracks

Muon
pT=5.4GeV eta=-0.25 phi=1.0
MT=40GeV
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SUSY in O-lepton channel
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squark mass [GeV]

SUSY in O-lepton channel

Squark-gluino-neutralino model (mLSP =0 GeV)
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O-lepton channel
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Where is Dark Matter (in mSUGRA/cMSSM) ?
L b s @rﬁff"-@ P — mizioanst A9 =0

700 4 ‘my, =114 GeV ; 700 : my, =114 GeV
lf v | A ~
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E g 300 4
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100 200 300 400 500 600 700 800 900 1000 0l—()() 200 300 400 500 600 700 800 900 1000
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Qh?

H.Baer et al., arXiv:1202.4038

Neutralino relic density vs. neutralino mass
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ATLAS Exotics Searches™ - 95% CL Lower Limits (Status: Moriond EW 2012)

Large ED (ADD) : monojet
Large ED (ADD) : diphotan

RS with k/M_, = 0.1 : diphoton, m
RS with kIMF., = 0.1 : dilepton, m,,
RS with k/M, = 0.1 : ZZ resonance, m | i
RS with g fg —-D 20 1t — I+X, HT + Eo e
ciEntum black hole (QBH) : m .. F(x)
QBH : High-mass ,,
ADD BH (M., /M ;=3) : multijet, Ep_ N
ADD BH [M‘TH!M =3) : 85 dimuon, Nch_ part.
ADD BH (M., /M =3) : leptons +jets tp
dijat
G qqll Cl : ee, pp comblned lm"
uutt Cl : SS dilepton + jets + E

Extra dimensions

T miss

e SSR Z‘mﬂw" R \F 201200

Cr Scalar LQ pairs (f=1) : kin. vars. in eejj, ev]] |L=10" 2011} [ariv:1112.4828)
]

Scalar LQ palrs (B=1) : kin. vars. in ppjj, pvjj |£=1.010" (2011 [Preliminary]

= 4 generatmn E'.i L, WaWg [L=t.0m” 2011) fariv:1202.3389)
Z generatlon LI U — WBWD | =1.01" 2011) [arxiv:1202.3076]
£
=

4 generation : d 3 — WHEWE | L=1.0 10" (2011} [Prefiminary]

S+ A Ay 1-lep + ets+E
""" e Bited quarks” "*;rlj‘ét'r‘éééh‘é'ﬁﬁé"'m’f“““

E fie
Q@ Excited quarks : dijet resonance, m it
s Excited electron : e-y resonance, m_
e
L

Excited muon : p-'y resonance m

........................................................................................................

Techni-hadrons : WZ resanance [vlll} m_
Major. neutr. (LRSM, no mixing) : 2-lep +jéts
We (LRSM, no mixing) : 2-lep + jets

H™* (DY prod., BR(H“—}pp} 1) : 85 dimuon, m,
Axigluons : dijet resonance, mduet
Vector-like quark : CC, m,,,

Other

Tl |L=10107 (2011) farkiv:1108.1316]

L=1.0 b (2011) [arkiv:1109.4725]

G660 GeV

Graviton mass

KK gluon mass

M, (5=6)
M (6=
Mg

A

&
(6=6)

M, (5=2)

MS (GRW cut-off)
Compact. scale 1/R (SP38)
Graviton mass

Graviton mass

Mg

M, (6=6)

A

221 TeV 2’ mass
215 Tev W' mass

1* gen. LQ mass

i
s8scev 2" gen. LQ mass
a50 Gev. (), mass

404 GeV I.]‘1

mass

480 GeV -:!_.r mass

l_{J.LJ.

prmT mass {m(prmT)
p, mass (m(p ) =min.) +my, mia ) =1.1m(p ))
WR) =2 TeV)
W, mass (m(N) < 1.4 GeV)

mass

N mass (m(

@206av. T mass (M(A_) < 140 GeV)
' q* mass

q*

mass

e* mass (A = m{e*))
u* mass (A = m{u*))
-m(ng) =100 GeV)

Axigluon mass
Q mass (coupling ¥, = vimg)
Q mass {cnupllng Kqq = vme}

A {constructive int.)

ATLAS

Preliminary

j-‘.df = (0.03 - 5.0) fo”’
fs=7TeV

*Only a selection of the available mass limits on new stafes or phenomena shown

1

10

10°
Mass scale [TeV]
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2012 Measured vs Predicted Integrated Luminosity

ABO00L0 oo
16000.0 - © Integrated Lumi 50 (pb1) | Update Of One Of ------------------------------------------------------------
M Measured 50ns (pb-1) S- Myers RRB Slides
14000.0 +-----=- e | I i
12000.0 oo b
10000.0 + (10 fb- 1) ---------------------------------------------------------------------------------------------------------------------------------------------------------
Somo _______________________________________________________________________________________________________________________________________________________________________________
BO00.0 L
Max Ium|n03|ty 5.5 x 1033 (2011 3 5 x 10393)
Pile-up: <p> ~ 17, up to ~ 30 at the beginning of the fill
A000.0 - -----------mmmmm e : : : :
0000 o @ &— Delivered as of May 17 | e —
0.0 - ' i
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The 10 Year Technical Plan

| 2011 | 2012 | 2013 | 2014 | 2015 | 2016

I ASOND ) FMANM) )ASOND

14TeV
(ra(avﬂ. & R vosstn

ATLAS: nw pixel detect, - detect
for ultimate luminosity

| 2010

M J'AS OND I FMAMII | ASOMN

OND I FMAMI I | A'SOND ) FMAM,

Ol)J FMAM ) 1 ASOND ) FMAMI) I AS

Colli on InIR3

5fb!| " ~15fb! |

new forward

AUCE - Inner vertex system upgrade

X-Mas

CMS - New Pixal. New HCAL
(;MS - FWD muons upgrade + Photodetactors. Completion of
Consolidation FWD muons upgrade

K-Mas manten:

beam pipes

LHCh - consolidations LHCD - full trigger upgrade, new
vertox detector otc

3 {11 ] D T 0 0k
SPS upgrade SPS upgrade SPS - LINACA connection &
PSB energy upgrade
| 2017 | 2018 | 2019 | 2020 | 2021 |

Machine - maintenance & Tnplet upgrade

™ 300fb! [ Shutdown
o for HL-LHC

CMS - New Tracker

100fb-1 | Shutdown

.

—-—
¥

>

X-Masmantenance

| — 3000fb! by 2030
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Experimental Summary (Alain Blondel)

The near future is exciting!
-- confirm existence of 125 GeV effect
-- study its properties
-- study/understand what should be the next step
LHC only? Linear collider? Ring collider (e+e- or mu+ mu-?)
(much too soon to make decision)

Theory Summary (Wilfried Buchmuller)

EWSB: hints for Higgs mass at 125 GeV very exciting;
compositeness or extrapolation to GUT scale?

SUPERSYMMETRY: data suggest " split spectrum’;
hope for states in LHC reach
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