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The LHC and its experiments

The
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LHC cryodipole I8
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Design parameters
pp collisions at Vs = 14 TeV
L = 1034 cm-2st
40 MHz bunch-crossing rate

ATLAS and CMS :
general purpose

27 km LEP ring
1232 superconducting
dipoles B=8.3 T

LHCb :
pp. B-physics, CP-violation
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Expectations for 2010

Startup scenario:
— First Collisions at Vs = 0.9/2.3 TeV in Nov./Dec. 2009

— Start collisions at 3.5 TeV per beam in Feb./Mar. 2010 aiming at a
long run (9-10 months, possibly extending beyond 2010)

Instantaneous luminosity of up to 1-2«1032 cm=2 s!
— No more than 2-3 proton collisions per bunch crossing (pile-up)

Integrated luminosity (delivered by the LHC) up to 200-500 pb-1

CERN/LHC strategy for 2011 and later not fixed yet

— Preliminary outcome from Chamonix LHC workshop, last week:

The LHC will run at 3.5+3.5 TeV in 2010 and 2011, until the experiments collect an integrated
luminosity of ~ 1 fb-1. Only a short technical stop is foreseen at the end of 2010-beginning of
2011. -- The 2010-2011 run will be followed by a long (~1 year) shut-down, to redo all
splices and thus enable the machine to operate up to the design energy (7+7 TeV).

A firmer plan can only be made around June, after experience is gained with the machine
operation and performance (e.g. in terms of luminosity) at 3.5+3.5 TeV .
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Impact of reduced beam energy

J.Stirling
http://projects.hepforge.org/mstwpdf/plots/plots.html

e Most physics simulation studies done so far 0
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The ATLAS detector

Muon Spectrometer (|1 |<2.7) : air-core toroids with gas-based muon chambers
Muon trigger and measurement with momentum resolution < 10% up to E, ~ 1 TeV

ile Calorimeter Liquid Argon Calorimeter

Muon Detectors

Length : ~46 m

Radius : ~ 12 m

Weight : ~ 7000 tons
~108 electronic channels
13000 km of cables

3-level trigger
reducing the rate
from 40 MHz to
~200 Hz

p.
K \E“" |

Inner Detector (|n|<2.5, B=2T):

Si Pixels, Si strips,

Transition Radiation detector (straws)
Precise tracking and vertexing,

e/n separation

Momentum resolution:

o/p; ~ 3.8x10* p; (GeV) @ 0.015

A\
/
/

—

Toroid Magnets SCT Tracker\ Pixel Detector TRT Tracker

Solenoid Magnet

EM calorimeter: Pb-LAr Accordion HAD calorimetry (|1 |<5): segmentation, hermeticity
e/y trigger, identification and measurement Fe/scintillator Tiles (central), Cu/W-LAr (fwd)
E-resolution: o/E ~ 10%/E Trigger and measurement of jets and missing E;
E-resolution: o/E ~ 50%/VE & 0.03 —
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ATLAS in pictures...
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LHC is back !l

©We are all very excited about it ©




First observed collision candidate at 900 GeV,
November 23 2009

2009-11-23, 14:22 CET
Run 140541, Event 171897

Candidate
Collision Event

N Note: Solenoid off and Si detectors off or at reduced voltage (no stable beam)
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Detector Hardware Status

Pixels a0 M 97.9%
SCT Silicon Strips 6.3 M 99.3%
TRT Transition Radiation Tracker 350 k 98.2%
LAr EM Calorimeter 170 k 98.8%
Tile calorimeter 9800 95.2%
Hadronic endcap LAr calorimeter 5600 99.9%
Forward LAr calorimeter 33200 100%
MDT Muon Drift Tubes 350 k 99.7%
CSC Cathode Strip Chambers 31k 98.4%
RPC Barrel Muon Trigger 370 k 98.5%
TGC Endcap Muon Trigger 320 k 99.4%
LVL1 Calo trigger 7160 99.8%

m=) READY FOR PHYSICS!
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Collisions Data 2009 (mostly Vs =

Total number of collisions candidates:
917K

— JL~ 20 ub! ( ~1 s of data taking at the
expected luminosity in 2010)

Collisions candidates @2.36TeV: 34 K
Data taking efficiency ~ 90%

— Total
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CATLAS
A EXPERIMENT

2009-12-06, 08:25 CET
Run 141749, Event 133538

900 GeV)

ATLAS Collision Candidates
MBTS A/C-side Coincidence Trigger

— During Stable Beams

12 14 16
Day in December

FARREN | /s - 2 36 TeV

\\‘
-\
g j \
Collision Event with 2 Muon Candidates |
http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.html

http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.html

CATLAS

Ia

A EXPERIMENT
2009-12-06, 10:04 CET
Run 141749, Event 406601

Collision Event



Start-up of LHC physics: Goals for 2010

Threefold approach (not fully sequentially):

1. Detector and reconstruction understanding with collision data
— Beyond extensive commissioning with cosmics
— Using well-known physics samples
. e.g. Z —» ee, uu : tracker, ECAL, Muon chamber calibration and alignment, etc.
. tt —» blv bjj: jet scale from W — jj, b-tag performance, etc.

2. “Re-discovery” of Standard Model
— Establish how pp collisions really look like at LHC

- Followed later on by precision measurements

3. Search for new physics beyond the SM

Channels (examples ...) Expected events in ATLAS after cuts
[s= 10 TeV, 100 pb!

J/V —-up ~ 10¢

Y Sup ~ 510

W= v ~ 3108

Z —pup ~ 3 10*

tt =WbWb—pv+X ~ 350

QCD jets pr>1TeV ~ 500

24 m~1TeV ~.5




A selection of first results from 2009 runs

2009 BEAM
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Minimum Bias Stream, Data 2009 {f5=900 GeV)

ATLAS Preliminary Both tracks: p_> 100 MeV, Si hits >6 ]
Kg Invariant Mass cos(8) > 0.8, flight distance > 0.2 mm

@ Data
1 Simulation
— Gauss (+poly) fit

p= 497.5+0.1 (stat) MeV
o= 82%0.1 (stat) MeV

PDG (2009) M= 497.614 + 0.024 MeV
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Invariant mass distribution of two track vertices.
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Missing Et resolution in collision events.
Use cells in calorimeter clusters (noise suppression)
EM scale to start, no specific hadronic calibration




PYTHIAG.214 - ATLAS
.......... PYTHIAG.214 - CDF tune A
PHOJET1.12

Standard Model “rediscovery”

dN,,/dn at n=0

LHC
® minimum bias properties

6 PP interactions
® underlying event structure ’
® jet production 2 | ATLAS
» Ccross-section

> di-jet mass and angular distribution, shapes ’ 10° 10° W sl

> Challenge is Jet energy scale determination ————

. . %3000 . sgbéxlramlatw Background :
e direct photon production - CE

® Drell-Yan lepton pair production 1500
» incl. low mass resonances (J/vy, Y) 1ooof '

e W/Z production | simuations "~ e

» uru- asymmetry distribution (-> u,d quark pdf)
» W mass (c ~150 MeV after ~ 200pb-1)

20 40 60 80 100 120 140 160 180 200
Invariant Mass Mee (GeV)

10*E

® di-boson production
» gauge boson self coupling

103 ;:-'.

® top quark production

102
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First top quarks in Europe

3 jets p> 40 GeV

*+ Top signal observable in early days with no 1jets py> 20 GeV
b-tagging and simple analysis.
¢ For the golden-channel lepton-jets:
tt -bW bW —blv bjj
expect ~ 350 events in the m channel (eff~4%)

with 100 pbt at Vs=10 TeV (250 pb- at 7 TeV) | E,miss > 20 GeV
(~ Tevatron sample)

1 lepton p> 20 GeV

tt > bW bW
— blv bjj

-
-
-
-

T T T T T

100 pb-':
508 signal events
(muon channel)

—

¢+ Top quark events contain all relevant 250

signatures: (e,u, jet, Etmiss, b-jet)
— Excellent sample for e.g.:
commissioning b-tagging,
set jet E-scale using the W — jj peak

(a)

200
150

100 e ATLAS
* Cross-section determination using dilepton

channels

lIIIlIIIIIIllIIIllIIlIII

Number of events / 10.0 GeV

0 1 I i ' L 'l I L 1 1 i i 1 1 il
100 150 200
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Higgs search

* Tevatron has excluded my~170 GeV with
3fb-1 per experiment
— H —> WW — Ivlv most sensitive channel
— Expect 8-9 fb! end of 2010

ATLAS will profit from much larger cross
section and better S/B

— Factor~30 for gg—»H for My=170GeV

— Preliminary studies show that to reach

end 2009 |

Tevatron Run Il Preliminary, L=2.0-5.4 o

K N I L B B R DA B
:.LEP_Exclusion &r...Tevatron

s Exclusion

0 -

PRSETVE!
+1c Expected

+
+26 Expected

95% CL Limit/SM
=)

' November 6,2009 -

100

,A,”,;,‘,’H‘H N T HHE Uff’x ; et
110 120 130 140 150 160 170 180 190 200
m,(GeV/c?)

Tevatron level at Vs = 7 TeV, ATLAS needs af
least ~500 pb! (per experiment) (~200pb-!
at 10 TeV)

e Discovery significance vs c.0.m energy for
1fb-1:
— Atleast 2 fbl (e.g. 1 fb! per experiment) are

needed for a discovery in the M, range [140-
180 GeV] with Vs = 10 TeV

— Not for 2010

Significance

(5]

=]

~

o

Combination of 0j and 2j, Hto WW to Il

1fb?

m,, =130 GeV o

m, =160 GeV v
m, =170 GeV *

IA TLAIS pre/ilminanl/ estimlate

6 8 10 12 14
\'s (TeV)
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New Physics Beyond the Standard Model?

WARNING:
¢ Finding a deviation from SM predictions may be easy
e Proving that it is real new physics is much harder

¢ What we need to care about:

— Detector response: Is it really understood?
efficiencies, fake rates, energy/momentum scales, non-Gaussian resolution, dead channels effects ...

— Is SM background under control?
cross-sections, kinematic distributions, underlying event, ...

— try to obtain as much information as possible from the data themselves

Examples of topics for the first few 100pb-1:

« Compositness ( di-jets ET spectrum)
- Not limited by statistics but requires a very good control of the jet energy scale
 Supersymmetry

« New gauge bosons and high mass resonances (dileptons, dijets, ttbar...)

Extra dimensions, black hole search

Cape Town O



High Mass Dilepton Resonances

i ) ) — 14TeV, 2/ > ee
* Anarrow Z’ resonance decaying in 2 leptons is 3 | aras ]
predicted in many GUT extensions of the SM e i
e Such resonances also predicted in models with extra- |3 §
dimension (e.g. KK excitation of vector bosons in ) 1
Randall-Sundum models ) "
I 70 P ' S
& 10— v ﬁéﬁ‘. - 10-2? —— 1 TeV ZY - parameterization ‘5
~ E —h— Z'n 7v/'// E —_—= DreH—Yan—pparammerizaﬁon E
— e 70 P T it [ 1 TeV Zy - ATLAS simulation
7' discovery - it 1030560570060 800 1000 '1'1'0‘0'a'z'o'a'1a'ad'1':‘?g'e'1vs)oo
pOtentIa| (5(5) 1% Z’ y model mass spectrum
for vs = 14TeVv o 50 | “ Ideal
§ B i © 100 pm
4 / l ATLAS s 4:_ T v 300 um
10 = gt = 1000 um
— W 8 r ﬂ
g3 $
f;/, : ; ATLAS
10% 9000 1500 2000 2500 3000 a3 g‘;
M,. (GeV) - v 9
T ey
Even with Vs = 10 TeV and 200 pb-i, Dilepton
resonances can be discovered up to a mass of 1.5 TeV : ; 0B e
~J -1 i —
(1 TeV and 40_0 pb~* with Vs /7 TeV) beyond Invariant yp mass distribution for
Tevatron exclusion reach. = several misalignment scenarios

Cape Town 01/0 19



W’ dlscovery potentlal
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Mi{TeV] M, [TeV]
= =]
- - 2 ATLAS 18
e 50 discovery potential > 10°F 2 49
— Including systematics: 3 | 18
generator (higher orders, pdf) £ i 8 12
Energy scale and resolution of lepton g 107 L} ﬁ s
E 1 10
and jet - ] 5 Sttt 1P
- impact on missing ET I - - W’—:E: | &
) L&
¢ Reduced reach for Vs =10 or 7 TeV 10¢ : . Wy (ystomatics) 3
~ . _ r m Wapwv ematics
— e.g. ~1.5 TeV with 500 pb! at 7 TeV s . mi;‘mff "‘“"Hc}s)
= . .
1 2 3
Js=14TeV M(W’) [TeV]
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Supersymmetry

e R-parity conserving SUSY could be found rather quickly if it is
actually at ~1TeV mass scale

— Large cross-section for qq, gq, gg production

« e.g. expect ~ 100 evts for 200 pb! (v/s=10 TeV) in the spectacular golden
dilepton channel (for benchmark SU3 SUGRA point)

Dark matter candidate

[¥/ndf  105/16

12061 Ul & J é.ob 0.839
[ 1.7k Norm 70.07 + 8.971
100} A SU4 M1+M2  67.71:8.267

edge
mg,

Entries/4 GeV/ 0.5 fb”

= M0 — Mo
L2 Xy

| il L L . | | n
0 20 40 60 80 100 120 140 160 180 200
m(ll) [GeV)
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mSugra - generic searches in ATLAS

MSUGRA is merely a convenient framework to

account for SUSY breaking (only 4 free parameters
+ 1 sign) for assessing the discovery potential for

R-conserving SUSY with °; as Lightest Super-

symmetric Particle (LSP, Dark matter candidate).

The search strategy is largely motivated by the
cosmological constraints on the DM relic density.
Taking into account LEP and Tevatron results, define

benchmark points in the (my,m;,, plane):

co-annihilation with
nearly degenerate
lightest sfermion
(usually stau)

channel sfermion
exchange

{M= < Mi?

charged LSP!

0.1 < Q;h? < 0.3 1

no EWSB j

17

Higgs resonance in

\
annihilation through
the s-channel

/heavy sfermions. \

annihilation and co-
annihilation with
NLSP chargino in
both s &t channels
via large coupling to

\EW bosons /

m, - sfermion mass
m,,, - gaugino mass

u2 <0

A, - trilinear coupling
tanf - ratio of Higgs VEV'’s
sign(p) - set by EWSB

RG evolution of scalar and gaugino masses in a typical SUGRA

Mass [GeV]

L L ' L | L | ' | L | s |
2 4 6 8 10 12 14 16 18
Log10(Q/1 GeV)

Other SUSY breaking scenarios lead
to different EW-scale phenomenology,
e.g. Gauge Mediated Susy Breaking:
e with gravitino LSP and y%; NLSP
e with gravitino LSP and meta-stable
slepton NLSP
— Heavy meta-stable particle with low
velocity
— Signature: penetrating tracks with
high pT and low j
- > ¢/f this morning talk on long-lived
sparticle at LHC




What to expect in 2010? 200pb1@ 7 or 10 TeV ?

Many channels (n jets + m leptons) being investigated:
« Jets + E;{™ss channel: highest reach
*1-lepton + jets + E;™ss channel: more robust against Background uncertainties

II|l"|"'|"'|"4 0‘5nTbV.'_. T “l‘II‘Illll‘I|III|Q{15T¢§V)I

jets 0 1ept ]

ATLAS Prellmlnary s 4 jets 1 lepton — Pre||m|nary = 4 jets O lepton
i === 2 jets 2 leptons OS] e 4 jets 1° le ton
. L —-2|et32Ieb;ons SS T Mmszcovew J P
MSUGRA tanfs 10~ = 1 00 TeV)]

B MSUGRAtanB- 0 T gm 00 Tev]

rlll\ll

\
\

\
\
N

lllll[llllw

g (O /o TeV

o g (0. TST&V

Itillltn

)

~ ' GO5Tev)" .

..I..wl—.«..l...l...l...l

T
A
i Jlll‘l’]‘L

. 0 q[DETeV}'

||-<||‘Ir|>||J|||'

m, (GeV) m, (GeV)

o

@ Discovery up to m ~ 750 GeV
+ discovery reach beyond Tevatron expected exclusion (~400 GeV) for Vs = 7 TeV

@ Requires very good understanding of backgrounds, in particular fake missing
transverse energy coming from instrumental effects (noise, cracks, ..)

¥ Ultimate LHC reach: m ~ 3 TeV
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Large Extra Dimensions (ADD model)

e Large flat Extra-Dimensions (LED) in which gravity can
propagate
— could be as large as a few um
— SM particles restricted to 3D brane

e The fundamental scale is not planckian:
— Mg= Mpjg4ny) ~ TV
— Present exp constraints => number of extra-dimension n>2
— Mg > 1 TeV from Tevatron

e Signatures:
— Real graviton emission: in association with a vector-boson
* (mono) jets + missing ET, V(e.g. g)+missing ET
* Not for the first few 100 pb-!
— Deviations in virtual graviton exchange
+ e.g. Excess above di-photon or di-lepton continuum >
+ Mg discovery reach for 100 pb-! at 14TeV: 3. - 4.3 TeV

1000 1500 2000 2500 3000 3500 4000
 (GeV)

24
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Universal Extra Dimensions

In UED models the SM fields can propagate into 4 + 5 dimensions, the extra
dimensions being compactified at a scale 1/R >300 GeV.

Similarly to SUSY each SM field has a Kaluza-Klein partner (but same spin).

Momentum conservation in the universal dimensions implies the conservation
of a KK quantum number (the KK parity) =>KK particles are also produced in
pairs with a Lightest KK particle (LKP).

I|IIII|IIII|IIJ_

ATLAS Preliminary —
10 TeV
UED model

Significance

« Analysis similar to the R-parity

conserved SUSY.
» 3jet+Olep
« In this analysis: 5=1.

ATL-PHYS-PUB-2009-084

m 2jet+1lep
+ 2jet+2lep OS

IIII|IIII|IIII|IIII|IIII|IIII|IL

1 1 | L1 1 1 | L1 1 1 | 111 1 | 11 | | 1 | | I N | | 1
300 400 500 600 900 1000
1/R [GeV]
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Micro Black Holes

« For Large Extra Dimensions or a strongly
warped ED, the fundamental scale of
gravity can be as low as the electroweak
scale. If the Planck scale is low enough,
black holes could be produced at the LHC
leading to spectacular events very high
multiplicity (challenging for high level

trigger)
_ . ATLAS ~ho?
« Black holes decay democratically to all T Vs =14 TeV “nea
particles of the SM and are characterized | "
by a large number of high energy and S107
transverse momentum objects: =
— Selection: Z|pT| > 2.5 TeV, 1 lepton withp | § |,
>50 GeV £ .
1 -1
— the primary SM backgrounds are states . B
with high multiplicity or high energy jets W e
10°E
10555 6 65 7 75 8 65 9 95
BH Mass Threshold [TeV]

Accessible mass threshold largely reduced for Vs =7 - 10 TeV

Cape Town 01/02/20



Conclusions

First LHC physics run in 2010
— Vs = 7 TeV (with possible upgrade to 8-10 TeV)
— integrated luminosity of 200 - 500 pb-!

ATLAS is ready and well prepared to exploit these initial data
— extensive commissioning (e.g. muons from cosmic rays)

Threefold approach to initial data taking

— refine detector understanding with collision data
« Detector already in good shape for physics after extensive commissioning with
cosmics
— establish properties of pp collisions at 7 TeV and possibly beyond
* ‘re-discovery’ of the Standard Model

— search for new phenomena and surprises
 first possibility to move beyond Tevatron sensitivity

« If nature is kind with us and the LHC luminosity matches our hopes (e.g. 500pb-!
at Vs = 7 TeV), discoveries are possible beyond present Tevatron exclusion
limits:

— R-parity conserving SUSY
— Dileptons resonances

— Extra-dimensions and black holes.

Cape Town 01/0C
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[ Ldt (pb~1)

150 1
140 1
130 1
120 1
110 1
100 T

90 MS preliminary, L=10pb"'

A global view of early physics

80 T il
701"
60 1
50 1

NO SNZ,
YO v
TOvav

Z peak (10pb~!

40 1
30 1
20 1
10 ¢t

J/zb T peaks (1pb

0
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 TR0
time (Days at 14TeV)

£ 3333 events at 100ph!




nggS C”SCOVEI"Y potential (prospects for 2011-20127?)

Luminosity [fb™"]

Combined Exclusion CL significance
10 — 10 . T .
I
| e, ATLAS
% H 11
8 g 8 H— ZZ* — 4l
: 3 . H-o 1t 10
H—> WW - evuv 19
6 6 18
5 5 7
16
4 =
. /5
3r 3 =4
2p ) 3
2
1
! 1
" :
110 115 120 125 130 135 140

120 140 160 180 200 220 240 260 280 300

m,, [GeV] m,, [GeV]

CERN-OPEN-2008-020

e For an integrated luminosity of 2 fb'! (v/s=14 TeV)
— 50 sensitivity for discovery: 143 GeV < My < 179 GeV
— expected range of exclusion (95% C.L.)on My: 115 to 460 GeV

=> Not for the first few 100 pbtat Vs = 7 or 10 TeV




Summary of Higgs discovery potential at the

LHC

Needed JLdt (fb1)
of well-understood data <1 fblfor95% C.L. exclusion

per experiment <5 fb! for 5c discovery
over full allowed mass range

—— 5g discovery

10 - . 95% CL exclusion

Easier region:
H— 4l

Most difficult region:
need to combine several
channels (e.g. H — vy,
ggH—qqgrt) with small
S/BorS

5
E 11 ,f*:) B
2 VA
&
o ATLAS + CMS
- (March 2006)
200 300 400 300 &0 700 BOO9001000

m, (GeV)




What to expect in 20107 200pb1@ 7 or 10 TeV ?

* 4 jets + 0 leptons

* 4 jets + 1 lepton

« 2 (or 3) jets + 0O leptons

« 2 (or 3) jets + 1 lepton

* 4 jets + 2 leptons (OS or SS)
» 3 leptons + jet

* 3 leptons + ET

* 4 jets + 1

* 4 jets + =2 b-tagged

Many channels being investigated:

SuU4, tan = 10

-
(=]
&

I [—5—su4
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Jets + E;™ss channel: highest reach

1-lepton channel: more robust against Background uncertainties
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Susy: discovery reach vs LHC C.0.m energy

e {+jets+missing-ET channel
> Not the most sensitive, but will be usable
before inclusive jets+missing-ET analysis

® Fast Simulation studies (all Vs re-generated)

® Tevatron limit currently is 392 GeV (CDF
preliminary) in this model (IMg=mMmg )

¢ Study includes a 100% Systematic
uncertainty on the background

luminosity [fb]
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=>ATLAS has a large discovery potential
with 200 pb-! at v/s=10 TeV

Significantly weakened for 7 TeV (need a
factor 2.5-3 in integrated luminosity)
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Misalignment and Z’ discovery potential

Z’ v model mass spectrum P 1IE ————— % No systematics
T * ldeal &) - _ < Trigger _
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several misalignment scenarios luminosity for 2, model

Remark: muon spectrometer alignment already at the 100-150 um level (from
cosmic studies)
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