Status and Recent Results of the

October 1992

ATLAS Experiment

A.Cheplakov (JINR, Dubna)
on behalf of the ATLAS Collaboration

= ATLAS detector overview

= Highlights of recent results
o Standard Model study (and beyond)
o Heavy lon physics
o A new (Higgs?) boson discovery

= ATLAS future — upgrade program

... 20 years since the ATLAS Letter of Intent
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ATLAS Detector
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ATLAS superimposed to Muon Detectors Tile Calorimeter Liquid Argon Calorimeter
the 5 floors of building 40
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ATLAS Inner Tracking Detector (ID)

6.2m
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Si Pixels:
80M channels ;
3 layers and 3 disks ;
o=10 um [rd]
Si strips (SCT):
6M channels;
4 layers and 9 disks ;
o=17 um [rd]
Transition RadiationTracker
(TRT):
350k channels ;
0 =120 um/straw

: End-cap semiconductor tracker
<#hits> in barrel
Precise tracking and vertexing, e/m separation; ~3/8/30 in Pixel/SCT/TRT
coverage: |[n|<2.5 B (solenoid) = 2T
0.5X,atn=0;1.1 X,atn=1.8

o/p; = 0.038% p.(GeV) @ 1.5% Impact parameter resolution (0.25<|n|<0.5)
(3.8% p;= 100GeV ; <2% p,<35GeV) (040) = 10 m @ 140 um / py [GeV/c]
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LAr-Pb EM calorimeter) (|n]<3.2) :

e/y trigger, identification; measurement
o/E ~ 10%/VE @ 0.7%

Granularity: 0.025x0.025 ; 22X,

3 longitudinal layers + presampler (|n|<1.8)

180x103 channels

Hadronic calorimeter (|n]<4.9) :
Trigger; measure jets; E; .
o/E ~ 50-60%/VE®3% central
o/E~ 90%/VE ® 7% in fwd
o(E )/2E; = 55 %

T,miss

Tiles: |n|<1.7; Fe/scintilators
HEC: 3.2 <|n|<1.5; Cu-LAr
FCAL: 3.1<|n|<4.9; Cu/W-LAr

Thickness: 10A at |n|=0

Granularity: AnxA¢ : 0.1x0.1 up to |n|<2.5
Segmentation: 3-4 longitudinal layers
20x103 channels
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ATLAS Calorimeters

l“y:’

electromagnetic LAr endcap LAr forward
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Muon Spectrometer during the assembly
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Muon Spectrometer

4 Superconducting magnets: Thin-gap chambers (T&GC)
- Solenoid around ID (B=2T; 7.6 kA) .

- 3 Air core Toroids (with 8 coils each):
20kA, B,,,iq ~0.5-1T

i Cathode strip chambers (CSC)

4 chambers types gas based (|n|<2
1.1x106 channels ; 12000 m?3

Precision chambers : MDT ; CSC
Alignment accuracy: ~ 30um (e VLT T Ay PN / - N 4
MDT resolution = 80um (| n|<2) A . gl . Y . s

CSC resolution =60pm (2<

Trigger chambers (LVL1): RPC; TG

Momentum resolution (ID+MS) |n|<1.1:
GpT/pT ~10% (p; ~ 1 TeV)

Barrel toroid
GpT/pT ~2% (p; =50 GeV)

Resistive-plate
chambers (RPC)

End-cap toroid
Monitored drift tubes (MDT)
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Entries / GeV

ATLAS performance for physics

Di-muon Candidates / (0.01 GeV)
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Perfect agreement with Monte-Carlo simulation
Check detector performance with known resonance particles (w, p, ¢, J/W, Y, Z,...)
Excellent mass resolution, close to design: (2.2 % at 91 GeV, 1.9% at ~3 GeV)
Linear response , absolute momentum scale known to ~ 0.2%
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ATLAS operation

Subgdetector #channels |  Operational fraction = 10 =
Pixels 80 M 96.8% L = : - 3
@ C g ]
- . i, - H H
SCT Silicon Strips 6.3 M 99.1% E 104 _ L1: up to~ 65 kHz _
Transition Radiation Tracker (TRT) 350k 97.5% = : 3
LAr EM Calorimeter 170 k 99.8% B ! ]
Tile calorimeter 9800 96.2% 10° = 12:upto~5kHz &
Hadronic endcap LAr calorimeter 5600 99.6% ~ "_"‘_“""'-—--—---—--_ ' -
Forward LAr calorimeter 3500 99.8% - : .
- o = ¥ EF:300-550Hz g
LVLI Calo trigger Ay Sk 10° =5 ATLAS Trigger Operati@esaig =
LVL1 Muon RPC trigger 370k 99.5% C 7
U C LHC Fill 2718 2-3 Oct. 2011 ]
. . 5 :

LVL1 Muon TGC trigger 320k 100% 10 btartmg Lum|nos|ty 3% ‘|U cm ‘5 1 i
MDT Muon Drift Tubes 350k 99.7% E §
CSC Cathode Strip Chambers 3k 97.7% - Ending Luminosity: 1.3 x 10% ¢m2s Z

RPC Barrel Muon Chambers 370 k 97.0% bz i‘|8h 53 bOh ' o 66h

TGC Endeap Muon Chambers 320k 98.1% ) ) ;

88M CET Time

Running smoothly:
* ~95% data taking efficiency,
* high & stable recorded physics rate
* e.g. LAr HEC pedestal stablllty

T T
0.15—LA HEC Medi mG

GRID resources are in intensive use:
* reconstruction at TierQ in ~2 days,
 data available for the analysis on GRID
in ~“1 week
e up to 150k simultaneous jobs running
in parallel (analysis & simulation)

A PEDESTAL (ADC count)

rms~0.021ADC

. TA‘TLASJPre\imI\nary
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Phenomenal LHC performance

Good start in 2010: ATLAS recorded 45 pb1at 7 TeV
Perfection in 2011:

Outstanding in 2012:
Bunch intensity:

Peak Luminosity:
Best week #24:

5.25 fbl at 7 TeV

so far 13.4 fb! at 8 TeV

1.5x10*'! ppb

7.73x10*33 cm2 s'1, may reach ~9-10+33!
1.3fb"! recorded

>50% of time in stable beam

1

Recorded Luminosity [pb “Y0.1]

ATLAS Online Luminosity

-———
F  ATLAS Online Luminosity \s=8TeV

© [ LHC Delivered

E  [_]ATLAS Recorded

B \5=8TeV, [Ldt=63f" <u>=195 -

[ Vs=7TeV,|Ldt=52f" <u>= 9.1
J H Total Delivered: 14.34 fb”'

[ Total Recorded: 13.43 fb”

Total Integrated Luminosity [fbo

OO

5 10 15 20

Mean Number of Interactions per Crossing

Hope for 15fb! by Sep 17 and 20fb! @ 8TeV before a long shutdown in 2013
ISHEPP2012 Seminar
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08/09
Day in 2012

ATLAS Online Luminosity

w2010 pp Vs =7 TeV
— 2011 pp N5 =7 TeV
— 2012 pp Vs =8 TeV

Delivered Luminosity [fb

2012: ~13 fb-1
at 8 TeV

2011: 5.6 fb-1
at 7 TeV

2010:
0.05 fb-1

oct
Month in Year

at 7 TeV

LHC in 2012:

Stick with 50ns bunch spacing 1380
bunches, push the bunch intensity
~40 events/crossing

Proton beam energy 3.5 TeV - 4 TeV
(+15% in Luminosity)

Check for risk from the splices
Reduced 3*=0.6m in CMS and ATLAS
(+60% in Luminosity)
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ATLAS results

@ ATLAS EXPERIMENT - Public Results
available at https://twiki.cern.ch/twiki/bin/view/AtlasPublic

Physics Groups:

Soft QCD
| )
Searches o Standard Model Jets,w/z,
B Measurements o B Physics Directy, EW
m Performance o Top Physics
o Higgs
Last week: O Supersymmetry
Papers on collision data submitted: 186(+30), o Exotics
CONF-notes: 386, o Heavy lons
average ~2 papers/week this year o Monte Carlo

10/09/2012 ISHEPP2012 Seminar 11



Soft QCD results

Two-particle angular correlations: Total transverse energy:
{H H 14
JHEP 1205(2012)157 inclusive” dataset arXiv:1208.625v1[hep-ex]
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: I;ﬁ(?:‘x:)rié region . :
description of the strength of the correlations. | Err b A T
: . . ol8 12 3
The changes required may go beyond their re-tuning. S8 ¢ R E
08F S
0 05 1 15 2 25 3 35 4 45

ul
MC models tend to underestimate the amount
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Summary for Standard Model processes

Measurements of Standard
Model processes going well -
no surprises so far (NLO or higher)

Good foundation for searches
(backgrounds for Higgs )

A general approach:

discovery through precision
measurements (e.g. ttbar)
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Top quark study examples

ATLAS Preliminary

Data 2011

Channel & Lumi.

15 May 2012
Theory (approx. NNLO)
form, = 172.5 GeV

—— stat. uncertainty
—— total uncertainty

o £(stat) H(syst) £(lumi)

Single lepton  0.70 fo” —_— 179+ 4+ 9+ 7 pb
Dilepton 070" | —e— 173+ 6 '} ' 7pb
All hadronic 167 +18+78+ 6 pb
1.02 o
Combination —— 177+ 3 "5+ 7pb
ATLAS+CMS@1fb! 173+ 10 pb
New measurements
Tt JE1S 167" ————e——— 200+ 19+42+ 7 pb
T4+ lepton  2.05f" —_——— 186+13+20+ 7 pb
All hadronic 168+12 "2+ 6pb
47
P | | | |
50 100 150 200 250 300 350
o, [pb]
IWII‘IIWII\I|\II[II\II\II[IWIIIIITII‘II\IIWII
ATLAS Preliminary Is=7 TeV
t-channel 1.04 fo™' —e—383"20pb
arXiv:1205.3130
t-channel top 4.7 fb”' —— 53" pb
ATLAS-CONF-2012-056
t-channel antitop 4.7 fb™' —&— 30°; pb
ATLAS-CONF-2012-056
Wt-channel 2.05 fb' 17" pb
arXiv:1205.5764
s-channel 0.70 fo' = <26 pb
ATLAS-CONF-2011-118
Theory (approx. NNLO)
I\II‘II\'I\II\II‘II\II\I'\I\IIIII\II‘II\II\I'

10/09/2012 0 20 40 60 80 100120
single top cross section [pb]

ATLAS m . summary - July 2012, L s 35 pb‘1 -47f" (*Preliminary)

ATLAS 2010, |+jets* —_— @ — 1693 +40+49

CONF-2011-033, L =35 pb”

ATLAS 2011, I+jets —i— 1745+ 06 + 2.3

Eur. Phys. J. €72 (2012) 2046, L =1.041b"

ATLAS 2011, all jets* ———— 1749+ 2.1+ 3.8

CONF-2012-030, L =2.057 !

ATLAS 2011, dilepton* ——@——
CONF-2012-082, L, =4.7 [ 1752+16+3.0
+ (stat.) + (syst.)
Tevatron Average July 2011
173.2+0.6£0.8 g
ATLAS Preliminary
| | | \ |
150 160 170 180 190

My, [GeV]

ATLAS+CMS: myp = 173.3 £0.5 (stat) + 1.3 (syst) GeV

Perspective:
in 2011 (5fb1), almost one million top pairs were produced
and over half billion W bosons

More results being prepared for TOP-2012 (Sept 16):
cross-sections, charge asymmetry, W-polarisation,
ttZ production, ttbar resonances, etc. including 8 TeV data
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ATLAS limits for SUSY searches

ATLAS SUSY Searches” - 95% CL Lower Limits (Status: SUSY 2012)

m ...................... W SUGRAICMSSMDIep+]s+E,m5 L-&Jnﬂsﬂlw IMI_L".sl-‘m'lw!ﬂ;ﬁlﬂ1 ; | | [T T T I1 — q g malss I T TTTT | I I [
z MSUGRA/CMSSM : 1 lep +j's + E; ... [L=5.81b" & TeV [ATLAS-CONF-2012-104] 1.24 TeV q g mass J.n'_df = (1.00 - 5.8) fb"
g Pheno model : Olep + s + E; ... [£=587 & TeV [ATLAS-CONF-2012-108] 148TaW| G MASS (m{F) < 2 TeV, Ilght;( :. ' :

o Pheno model : Olep + |'s + E; ... |L=5am" & Tev [ATLAS-CONF-2012-108] 1.38 Tev q mass (mi{@) = 2 Tav, Ilght;( ) fs=7,8TeV

@ Gluino med. f (‘gi—)qﬁf}l cllep +js+ B, |L=471b7.7 TeV [ATLAS-CONF-2012-041] 900 GV g mass {m{x j = 200 Gav, mix J——[m{x g

o GMSE : 2 lep (O3) +j's + Er:ms L=4.7 o™, T TeV [Preliminary] 1.24 TeV g mass’ {tang = 15) ATLAS

s GMSB:1-27+0-1lep +j's + Er ise  |L=A.T 7. TeV JATLAS-CONF-2012-112) iZ0Tew! g mass ftangs > 20) Preliminary
B CEM 7y + B, .. |t=aan’.7 Tev iaTLas conr-2012.072) 07 Tev| §mass (miz,)> 50 Gev)

g mass {m{;( € '300 Gew)
g mass {m[‘,{ J < 400 Gal)
g mass {mix.) = 60 Gev)
gmass {m{x A 150 GaW)

850 GeV § mMass {m[;( ) <300 Gav)

g mass (any m{x < mi@)

1.00 TeV g mass {m{;{ } < 300 Gaw)
g mass {m{x ;.< 50 GeV)

g—)bbx _%l'll’lu.':'ﬂ b) Olep+ 1/2bjs+E, ..
g—)bbx‘_glrtual b) Olep+3bjs+E; ...
g—)_gbx (realb) : O lep + 3 b-js +E; ...
g—)l‘txm(wrluallj_' Tlep+ 12 bjs+E; ...
g—)ttx (wr_l‘L)JaIl) 2lep (SS) + s+ Ey e
—)tlx (\rlrlualt}l Slep+js+Ey ..
g%tlx_l_l{“‘\rlrluall}l 0 lep + multi-j's + E

L=5.81b", & TeV [ATLAS-COMF-2012-105]

L=5.81b", & TeV [ATLAS-COMF-2012-103]

3rd gen. squarks
gltino mediated

T.miss

gty __(glrtualt} Olep+3bjs+E; ...
bj's + B s g mass {m[‘,{ 3- 60 GeV)
jets E | nae |L=87107.7 TeV [ATLAS-CONF-2012-106] e b mass mi )= 150 Ga\."]

2 5 . c3 Iep +j's+E, .. [t=47m7 7 Tev jaTLAS-CONF-2012-108] :m@e\r g mass {mig) = 2m{_‘,{ 1

b g _ i (very Ilght} l—)bx Zlep+ £, [L=4.7107. 7 TeV [CONF-2012.050] 135 GeV' T mass {m[x 1= 45 Gev)

a = tt (light), t—)bx 172 Iep + b-jet + Er iee  |L=4.7 1077 TeV [CONF-2012-070) 120-173 GeW tmass {m[‘,{ ) = 45 GeV)

Sﬁ" %2_: ‘ﬁ'(hegwjl 1_)tx_0 1] IE-p + b_]g[ - ET mdas L=4.7 1", 7 TeV [1208.1447] 300-48530\' t mass {r.n{;( 1= 0}

.g’ E (heaw}, =ty llep + brjet + £, L. |L=4710", 7 TeV [CONF-2012-073] 230-440 GeV tmass {m{',{ 3- )]

5 S (heaw) l—)tx 12lep + b-jet + E, . |t=47 1" 7 TeV [GONF-2012-071) 298-305 GaV t mass {m[;( =0
___________________________________________ 1t (GMSB) ! Z(—Il) + bjet + £, " |iSaiisev i2osrse] SIOGEW [ mass (115« mig)) < 230 Gov)

T I =l 2lep + E,. i |L=4.7 167, 7 TeV [CONF-2z012.076)  G3SiB0/GEV Tmass {r.n[x =0}

u% %f _35_1_31 VT —)Iv(h.')—)lv 12lep + Ep ... |t=47m7 7 Tev (CONF-2012.076) | 120330Gev | ¥ mass {m[x y=0, mii7) = —[m{x JU-,-.{x M
________________________________________ W)ty 2% ) 2 318D + By g [L=47 107, 7 TeV [CONF-201 5 T Mass  (mic)) = mihmez) = 0. miiv) as avove)

- MSé (2d|rec:1 i pair pmd ) - long-lived X, L=4.7 107, 7 Tl [ATLAS CONF-2012-411] | 210GeV| ) mass (1<t ) <10 ns)

E_ @ Stable g R-hadrons : Full detec:tor L=4.7 1b™, 7 TeV |ATLAS-COMF-2012-075] ss.-.c-w g mass

& Stable T R-hadrons : Full detector B F e [ATLASCONR-2012.575) sssGaw tmass _

Sa Metastable g R-hadrons : Pixel det. only [ES&Tib T TeVATLAS-CONE-2012-075] 210 GaV| Q MASS (zlg) = 10 ns)

GMSB - stable T [L=4.7 b7, 7 TeV [ATLAS-CONF-2012-075] 30 GeV. T MAass (5 <tanfi <20)

.................................................................. F'{'I'?;"‘;.;""f"ﬁiélﬁ:i"h'é'éé'éjl" T.mass (010,400

~ Bilinear RPV : 1lep + s + E; ... g=gmass (€7, < 15 mm)

e BC1 FEP\.:Ir dlep+E; .o g mass

a mass {3.D><‘ID'5< Aoy = 154107, 1 mm < et <1 m, g decoupled)
L=4.6 1", 7 TeV [ATLAS-COMF-2012-110) 100-287 GaV Sglul:,rl MAass {incl. imit from 1110.2893)
L=4.7 1o, T TeV [ATLAS-CONF-2012-084] moe Gev M* scale (m, = 100 Gev, veclor DS, Dirsc x)

L=4.7 b, 7 TeV [ATLAS-CONF-201 1 saBGav. M* scale (m, < 100 Gev, tensor D9, Dirac x) |
' 1 T I 1 T I T | I I B B B

10" 1 10
o the available mass limits on ne . Mass scale [Te
...searching for event excess in a particular final state eVl
...searching for bump in an invariant mass spectrum
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Representative selection of other BSM searches

Large ED (ADD) : monojet + E, ..
Large ED (ADD) : monophoton + E, ...
Large ED (ADD} : diphoton, m.,

UED : diphoton + E

ATLAS Exotics Searches* - 95% CL Lower Limits (Status: ICHEP 2012)

I T T TTT |
M, (5=2)
Mg (8=2)
M5 (GRW cut-off, NLO)
Compact. scale 1/R

ATLAS

Preliminary

w T mess
.§ RS1 with kiM . = 0.1 : diphoton, m,, Graviton mass
= RS1 with k/M ., = 0.1 : dilepton,m Graviton mass j = - -1
g RS1 with k/M, = 0.1 : zz resonance, m,, ,"I]IJ Graviton mass Ldt=(1.0-58)
= RS1 with /M, = 0.1 : WW resonance, m, ., Graviton mass fs=7, 8TeV
'ﬁ RS with [} fga_—O.ZU it — I+jets,m“ KK gluon mass
i RS with BR{g —t20-925 : tt — Itjets,m  ° KK gluon mass
ADD BH (M, /M,=3) : SS dimuon, N, ma My, (5=6)
ADD BH (M., /M =3) : leptons + jets, Lp My, (5=6)
Quantum black hole : dijet, F (mlﬂ My, (B=6)
....................................................... ity Gontaer aaetion Sy A
o qqll CI : ee, pu combined, i A (constructive int.)
uutt Cl : SS dilepton + jets + E, A
..................................................................................... Z{SSM)meH R AR T .
Z'(S5M) i m.. | L=47 b7, T TeV [ATLAS-CONF-2012-067) 13TV 7' mass
= WSSM) imy,  |L=47 b7 TeV |ATLAS-CONF-2012-086] 255 TeW W' mass
W' (— tg, g_=1) SM., |£=4.7 17,7 TeV [CONF-2012-006] 350 GeV W' mass
W'R(etb.S§M}mm L=1.0 b7, 7 TeV [1205.1018] 113Tev W' mass
O Scalar LQ pairs (5=1) : kin. vars. in eejj, evjj |L=1.0f", 7 TeV [1112.4828] &0 Gev T gen. LQ mass
—J _______________________ Scalar LQ pairs (§=1) : kin. vars. in pjj, pvijj  [t=1.0" 7 Tev [1203.3172) &8s Gev 2" gen. LQ mass
4™ generahon -Q 64_’ WOWWg |L=1.01M7, 7 Tev [1202.3368] 350 GeV | (1, mass
4" generalion : L‘I‘ Ed_—) WhWh [L=1.0m7, 7 Tev [1202.3076] 404 GeV U, Mass

L=1.01fb7, T TeV [1202.6540]
L=2.01b7, T TeW [1204.1265]
L=1.01b", T TeV [ATLAS-CONF-2012-071]
L=1.01b", 7 TeV [1112.5755]
L=1.0 b7, 7 TeV [1112.5755]

@
E 4" generation : d d,— Wtwit
o Mew guark b' : b'b'— Zb+X, m,
] — tt+A A 2-lep + jets + E
=

T, mess T2

Vector-like quark : CC,m

g

Techni-hadrons : WZ resonance (vIll). me:Jw:
Major. neutr. (LRSM, no mixing) : 2-lep + jets
W (LRSM, no mixing) : 2-lep + jets
H™ (DY prod., BR(H"—pu)=1) : S8 dimuon, m
Color OC‘IE!% scalar : dijet resonance, m’
........................................................................................................................ A . T

H* mass

480 GeV  d, mass
400 GeV . b' mass
483 GeV | T mass (miA ) < 100 GeV)
a0 Gev O} mass (coupling kg = v/m_)
760 GeV O mass (coupling ko = v/mg)

q" mass

q* mass

e* mass (A = m{e*))

Wt mass (A = miu*))
p o, mass (mip o) -mix) = 100 GeV)
p, mass (mip_) = mix) +my, mia)=1.1mip.})

M mass (m{W_) = 2 TeV)

W mass (m{N)} < 1.4 GeV)

Scalar resonance mas

107

ATLAS set serious constraints on various BSM models

1

10

10?
Mass scale [TeV]

10/09/2012

lan Hinchliff: “Your model may not be on the list yet...
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Heavy lon program

Probing the QGP in Pb+Pb at Vs,,=2.76 TeV (9ub! + 160ub?):

- pressure-driven collective expansion as well as attenuations (“quenches”)
of high-p; quarks and gluons not achievable in hadronic system;

- final state multiplicity consistent with initial state gluon production at temperature above Tc.

Azimuthal anlzotropy

[ 05% ATLAS  -=-n=2 |

[ -“-n=3 ]
b Pb-Pbys,-2.76 TeV

02 Ve e nea T
[ Lnu=8ub" Mi<25  4-n=5

[ full FCal EP ~-n=6 |
1

510%

* significant harmonic flow
coefficients v, (n>2)
* v3>v2 (0-5%)

&N 2N oo
oL (142 valpr.y)cosn (6 — B,
dp3 QTrppoTdn( + ;L (pT.m)cosn (¢ ))

ATLAS will focus on:

- using high-p; jets, dijets and multi-jet final states, and b-jets

Recent observations:
Jet suppression
[ [ I [ ] %
ATLAS Pb+Pb s, =276 TeV o
5[ 89< p <103 GeV J-Ldt=7].lb1 'S
_________________________________________________ = |
=S
50 - 60 %
| | |
[ I [
30 - 40 %
| | |
I I I
10 - 20 %
| | |
| I [
0-1&_____(_,_,—-
| | | J
R=0.2 R=03 R=04 R=05

suppression factor of ~2
in central collisions

- precision measurements with y-jet and Z-jet pairs

- use quarkonia — Y(1S), Y(2S), Y(3S) to study Debye screening

10/09/2012
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L FR [ 1 T T T L |
ATLAS -
Pb+Pb s =2.76 TeV —

Ly =200 mb™"

evt

evt

(1/N_)dN_ /dSE; [TeV']

30-40%

FCal SE; [TeV]

Heavy flavour suppression

L B S e L L S B ]
B Ml < 1.05 Pb+Pb
. = \I‘SNN =2.76 TeV_:
0.8/
0.6
0.4—
-+ 0-10% / 60-80% i
- = 10-20% / 60-80% J' T E
0-2F o 20-40% / 60-80% LGt 0 ]
_ -+ 40-60% / 60-80% ATLAS Prellmlnary H
(R TR ] 1k YU Y (ool MNP LA Sk W RO WA | | L
B2 e a4 iZ i
p, [GeV]

* factor of ~2 suppression in (0-10%)/(60-80%)

- study of Cold Nuclear Matter effects
& low-x with p+Pb
2013: 30 nb?! (pilot run this week)
- high precision Pb+Pb
2015-16: ~400ub™ at Vsy,=5.5 TéV



Higgs boson hunting

Physics Letters B 716 (2012) 1-29

Contents lists available at SciVerse ScienceDirect

Higgs production processes:

=

g q

g q

(a) g9 > H

(b) VBF

7

(c) VH

w/Z

(d) dH

& o:

Physics Letters B

www.elsevier.com/locate/physletb

Observation of a new particle in the search for the Standard Model Higgs boson
with the ATLAS detector at the LHC™

BR

Fob

I T

0.01

0.001

BR(H)

100

olpp — H + X) [pb]

Ve = 14 TeV
MRST/NLO
iy = 178 Gel

0.0001 .
00

A0 160200

Jl.l{“ |_(_v(\

S0 Tan

Lonn

Jl.fr“ |_(v(\

oo

lAS colleagues who did not live to see the full impact and significance of their

TRACT

rh for the Standard Model Higgs boson in proton-proton collisions with the ATLAS detector at
[ is presented. The datasets used correspond to integrated luminosities of approximately 4.8 fb!
kd at \/5=7 TeV in 2011 and 5.8 fb~! at /5 =8 TeV in 2012. Individual searches in the channels
Z®) — 4, H— yy and H - WW'™ — evpv in the 8 TeV data are combined with previously
ed results of searches for H — ZZ™, ww™ bb and 171~ in the 7 TeV data and results from
ed analyses of the H — ZZ'*) — 4¢ and H — ) channels in the 7 TeV data. Clear evidence for
[duction of a neutral boson with a measured mass of 126.0+0.4 (stat) +0.4 (sys) GeV is presented.
pservation, which has a significance of 5.9 standard deviations, corresponding to a background
btion probability of 1.7 x 10~°, is compatible with the production and decay of the Standard Model
0501,

© 2012 CERN. Published by Elsevier BV. All rights reserved.

O,:= 17.5 (22.3) pb at 7 (8) TeV

m = 126.0 + 0.4 (stat) £ 0.4 (syst) GeV

10/09/2012

The channels involved:

H-> vy,

H-> zz(*) > 4l
H> WW(*) 2> Ivlv H> WW = Ilvqq

ISHEPP2012 Seminar

H> 1T
W/ZH->bb

H-> ZZ - liqq
H> Z2Z - livv

19



Two most sensitive channels — 44 and yy

ATLAS

T T T

[ T | T
. e Data

> > T T

825_ A YV: o-BR=39(50) fb @ 7(8) TeV 8 35002y, ATLAS ¢ Daa

025 ackgroun ) . o Sig+Bkg Fit (m =126.5 GeV)
Dedf H—zZ" a4l . - +i i+i. D- ~ g+Bkg

"E - [ Background Z+jets, i - Backgrounds: QCD-vy, v+, j*), DY g TOEONGL Bkg (4th order IHJonnomiaI)
22 - DSignaI (mH=125 GeV) I 2500

0200 Event selection — diphoton trigger 2000

%% Syst.Unc.

5 = 7 ToV [Ldt = 4.8 10" Photon candidates (isolated):
Lis = ev: t=4. ]

- E;>40/30 GeV, |n|<2.37
- LArEM shower shapes

15=7 TeV, [Ldt=4.8fb"
15=8 TeV, [Ldt=5.91b"

[y
[9)]

“\s=8TeV:|Ldt=5.8 fo Hoyy

- muons - ID+MS, p;> 7 GeV, |n|<2.47
- electrons — ID+LArEM, p;> 6 GeV, |n|<2.7

Mass-window cut for m;, (m

min

<m,;,<115 GeV)

10—
i . . 2 200
C VBF (2 extra jets) + 9 event categories: @
5 Vs 7 Tev 8 Tev 2 0BT et
C o % B(H — yy) 0] 39 50 [ FwHM O
- Category Np Ng Np Ny [GeV] w
0 C Unconv. central, low prq 2054 105 2945 14.2 3.4 % T T T f .
100 150 200 250 Unconv. central, high p 97 1.5 173 2.5 ,3.2 (0] + Data S/B Weighted ]
my, [GEV] Unconv. rest, low prq 7129 21.6 | 12136 309 37 o — Sig+Bkg Fit (m =126.5 GeV) ]
Unconv. rest, high pr, 444 28 785 5.2 36 o D Bka (4th ord H | ial —
4/: 5-BR=2.2(2.8) fb @ 7(8) TeV Conv. central, low p, 1493 67| 2015 89 39 £ - g (4th order polynomial)
—_— P o
. Conv. central, high 77 1.0 113 1.6 35 © r .
. * gh pre r ]
Backgrounds: ZZ(*), ttbar, Z+jets Conv. rest, low pry 8313 211 | 11099 269 45 5 - e
Conv. rest, high pp 501 2.7 706 4.5 3.9 oo TN —
. . . . Conv. transition 3591 95 5140 12.8 6.1 r i
Event selection — single & dilepton triggers .. 9 22| 139 30 37 — Wi=|n(1+si/Bi) .
Lepton Candidates (isolated): All categories (inclusive) | 23788  79.6 | 35251 110.5 3.9 r -

ool b0 10 |

Combined signal reconstruction and event selection

¥ weights - Bkg

efficiencies: 15%(4e) - 37%(4p) =
Signal ZZ® Z +jets, tt Observed My [GeV]
4u 2.09+030 1.12+0.05 0.13+£0.04 6
2e2u2u2e  2.29+0.33  0.80+£0.05 1.27+0.19 5
de 0.90+0.14 0.44+0.04 1.09+0.20 2
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H->ZZ[")->2e2p candidate with m,, = 123.9 GeV

p;(=.c, )= 18.7,76,19.6,7.9 GeV, m (e*e’)=87.9 GeV,
12 reconstructed vertices

EXPERIMENT
http://atlas.ch

Run: 205113
Event: 12611816

@AT LAS

Date: 2012-06-18
Time: 11:07:47 CEST




H->WW(*)->ev Jv candidate

ATLAS
7 EXPERIMENT

Run Number: 204026, Event Number: 33133446

Date: 2012-05-28 07:23:47 CEST : ;f'*- =5 = .::";qé;':;__“

i e
! i
| h
i &

| ]
|
1 T
:
!
a
i

R
P X oL 03
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H->yy candidate
with m =126.9 GeV

E;,1=62.2GeV,n,=0.39
E;,.=555GeV,n,=1.18

ATLAS-CONF-2012-091

JATLAS

EXPERIMENT

Run Number: 203779, Event Number: 56662314

Date: 2012-05-23 22:19:29 CEST



Summary of individual channels entering the combination

To enhance the search sensitivity, the decay modes are subdivided into

sub-channels with different signal and background contributions and
different systematics:

T

T ‘f
(a) H—=2zZ" = a4

N\

HLgE)T: BO,SOH Slllf)seqll_ellt Sub-Channels mHGRi:IgE I ﬂE_’ff _____________________________ N e
ceay ceay [GeV] (] 10°k \s=7TeV: [Ldt=d81" 4o
200 Vo TRV SRR [ E L L N
4¢ {de,2e2p, 2ple, Au) 110-600 4.8 107 ;
H— zZ® vy {ee, ppt} @ {low. high pile-up) 200-280-600 4.7 a° 10
tlqq [b-tagged, untagged} 200-300—600 4.7 ERE
H— yy - 10 categories {pTt @ 1, @ conversion} & {2-jet} 110-150 48 S &
o wwe tvly {ee, eu/pe, put @ {0-jet, l-jle'r. f-'.-j.et} ® .{10“-" high pile-up}  110-200-300-600 4.7 1ot
tvgq’ {e,p} @ {0-jet, 1-jet, 2-jet} 300-600 4.7 Y <SS
TiepTlep len} @ (0-jet} @ {£€) @ (1-jet. 2-jet, VH] 110-150 4.7
le, i) ® (0-jet) @ (EZ5S < 20 GeV, EZS > 20 GeV) e N
H T . T, 5 4.7 s
2T | T & e} ® [1-jet] @ (6] @ (2et) HO=30 ) o 5= 7 TeV: fLat - 4515"
Thad Thad (1-jet) 110-150 47 o 1s-8Tev: Lot - 591" -
Z—=vy ‘E_Tmss € {120 — 160, 160 — 200, = 200 GeV} 110-130 4.6 107
VH — Vbb W — ty pE € {< 50,50 — 100, 100 — 200, = 200 G&V} 110-130 4.7 o’ TG%'” ! o ! ! ;_| ";\:V;’(.) Ilvl -%
Z -t PZ € [< 50,50 — 100, 100 — 200, > 200 GV} 110-130 47 8 ‘B (c) H— ZVY
O 101k SR, -
2012 Vs =8 TeV — :;’ 20 e =
H— 2z 0 {e, 2e2p, 2pi2e, A1) 110600 58 10 e T
H— yy - 10 categories {pTt ® 73, ® conversion} @ {2-jet} 110-150 5.9 10° ;_— ________________________________________________________
H— ww® evuy {eu, e} @ {0-jet, 1-jet. 2-jet} 110-200 5.8 10° " ... 2011 Exp. ---- 2011-2012Exp. el
10° - —— 2011 Obs. — 2011-2012 Obs. -
OTE a0tk ts=7TeV: [Ldt=a7t! . %O
10°F — 201205, 15=8TeV: [Lot=5.81b" B
10 PRRPRNFIN S ST S S S S SR U S S S U NS S S S AR SN N ST
. . . . 10 115 {20 125 130 135 140 145
The parameter of interest is the global signal strength factor p, which acts as a m, [GeV]

scale factor on the total number of SM Higgs events: u=0 — backgr. only hypothesis,
p=1 - SM Higgs in addition to background. Hypothesized values of signal strength
were tested based on the profile likelihood ratio (G.Cowan et al, 2011)

p, — probability of the background
fluctuation (excess significance)
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Combined search results

= 10 ‘ ‘ '
= ATLAS 2011 -2012 mm-+
= \s=7 TeV: |Ldt = 4.6-4.8 fo" Eés" .
= 3 . ca -1 — Observe
= s-8Tev: JLat-s8b0f’ TSR
@]
32 Y
o
D
1o CL, Limits _|
- RS-
oy
8 o
0 = S O
= 102
il i R e e et
10
10 b .l
10°®
107 .
10*® '.
10° v p
= v N =) 3
_1o® (b) ;
=2 2F E
£ 1s5E =
o)) £ 7
[ E 7
(A TR Il e tehileleieieieieieieietelietel -
- = -
-— - 7
D o5F =
g AN AN~ ﬁ
g o WASANWAWA LS W
D osh =
E — Observed .
1= () -2 In Au)<1 =
1o 150 200 300 400 500
m,, [GeV]

10/09/2012

L HEUL L L L L L L L L L L LR L
ATLAS 2011 -2012
\s=7TeV: |Ldt = 4.6-4.8 b ee Exp.
Is=8TeV: [Ldt=5.8-59 b

) 60
107
10—11 .
11 1 | I L1 1 1 I 11 1 1 I L1 1 1 I 11 1 1 I L1 1M | 11 1 1 I 11 1 1
110 115 120 125 130 135 140 145 150
m, [GeV]

evolution of the effect with time

C}_G IIII|IIII|IIII|IIII|IIII|IIII|IIIIIII1II
5 =7 TeV (2011), JLdt= 4.8
W™ ATLAS 5= 8Te\|'{2012] JLat= 5.9 "
o . . - T
t 1
—
2
07711 EPS Prel, i \\ N\ ) F T e -

-4 [ — Observed N | T
107 - Expocted - N I A N g eeaees 4

105 Ce

1 0-6 ------ Expected ~

107 Spring 2012 PRD | & [T TR -

1 0-8 ------ stgggg h

D] A L, VA ONENN. 7.1 A W S

o0 | I | | Py, oy BXpected

110 115 120 125 130 135 140 145 150
my [GeV]
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ATLAS upgrade motivation

The European Strategy for Particle Physics - Krakow, 10-12 September 2012

ATLAS is interested in two domains of LHC upgrade:
- a luminosity upgrade (HL-LHC), with instantaneous luminosity up to L~ 5x1034 cm2 s!
- an energy upgrade (HE-LHC), with a center of mass energy Vs = 30 TeV

I , | | | ; | Once the Higgs-like boson is discovered we will measure
ATLAS 2011 -2012 im.-1260GeV | the physics properties of this object:
W,Z H — bb -~ .
\s=7Tev: [Ldt =47 1" - - Its mass,
H— 1t - ° . . o o
o= 7TV [ 38471 S - set an upper limit to its width,
H—- WW' = Iviv S . :
o 7T fut- 47 s i - measure the couplings to W and Z, and to fermions.
\s=8TeV: |Ldt=581k" ~] :
H—y o E
A et g "
H— zIzL‘ * - 4 § With integrated luminosities as large as 300fb! at Vs~13 TeV:
\s=7TeV:|Ldt=428 , + .
va-oTov: JLat- 58 ; - accurate measurements of couplings,
- H -
< Eggﬂg?ﬂ_m, 14403 ; - rare decays of Higgs boson, such as H>uu and H-> 12y,
e S | i | - study of the VV scattering (V=W,2)
7 1 0 A
MSSM Higgs?! Signal strength ()

ATLAS will continue the search for new phenomena
or new particles that are predicted by alternative
models and theories. ISHEPP2012 Seminar
10/09/2012 26



CATLAS

A EXPERIMENT

Upgrade schedule

Expected Luminosities LHC - HL-LHC

2009 LHC startup, Vs =900 GeV ]Ldt
S/ NN 2010
Z->up + 11 vertices in 2011 2011 | Vs=7~8 TeV, L=6x10°? cm2 s, 50ns ~20 fb1
2012
2013 Go to design energy, nominal luminosity
2014
% 2015 ~100 fb-1
. 5 2016 | Vs=13~14 TeV, L~1x103* cm-2 s-1, 25ns
ZOUp +/I£?/ertices in 2012 2017
2018 LHC Phase-1 upgrade to full design luminosity
2019
2020 | Vs=14 TeV, L~2x103% cm2 s, 25ns ~300 fb
2021
2022 HL-LHC Phase-2 upgrade
2023
i Vs=14 TeV, L=5x103% cm2 s}, ~3000 fb-L
= 200 vertices in 2022 : luminosity leveling
20307
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ATLAS upgrades

ATLAS Letter of Intent for Phase-l Upgrade as been published

early this year in CERN-LHCC-2011-012:

https://cdsweb.cern.ch/record/1402470/files/LHCC-1-020.pdf 32.62 MCHF )
the total Core cost

' N A,
) /G 2
VAT
R WS L A\
Al sk VoSS /=
e sl L)\
| \

Muon system — a new tracking and trigger device in the inner layer of the /etter f nte“nt
forward spectrometer, that will not only provide a sharper trigger threshold, D 'f' ol
but also greatly improve the tracking performance under the higher backgrounds Ul 14,

expected with the LHC upgrades (e.g. 60 kHz for LIMU20 trigger @ 14TeV @ 3-103*cm2s).
- Baseline (approved) solution: equip the Small Wheels with sTGC & MicroMegas chambers
- MAMMA’s R&D is ongoing at CERN (successful test-beam in June’2012)

Calorimeters — a new trigger read-out boards will be implemented in the electromagnetic and forward
calorimeters to exploit the longitudinal sampling of the calorimeter as well as including a higher trigger
granularity comparable to that presently available in the full calorimeter read-out, which will lead to an
improvement in rejecting fake electron triggers (e.g. 80 kHz - the rate for single isolated EM clusters
above 23 GeV, projected to 2:103*cm2s1).

Also,

- additional ATLAS Forward Proton (AFP) detector at the distance of ~200m

- Fast TracKing trigger (FTK) — a pipeline electronics system for the fast track processing in Si-detectors at L1-level
- Trigger/DAQ upgrades, etc.

ATLAS Lol for Phase Il should be ready by the end of 2012
10/09/2012 ISHEPP2012 Seminar 28
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Conclusions

2012 is another exciting year for the LHC machine and
the experiments

the SM Higgs boson is excluded at 95% CL in a wide mass range of
111 GeV - 559 GeV, except for a narrow window around 126 GeV

very reliable candidate for the Higgs boson is observed by the ATLAS
and the CMS Collaborations (well above 50 “discovery threshold”)
- but hunting is not over yet!

the strategy of the future analyses and detector development is shaping up

= more news inevitably to come, stay tuned

----------------------------
ATLAS 2011 - 2012 .
=7TeV: JLdt 46-481b" ce Exp.
8TeV: |Ldt=58-591b" M+io

V.Rubakov: “A particle physics becomes the experimental
science [again]”

— what a great time!
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Hurry up - the trophies are available now at the
ATLAS secretariat...




