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% Introduction
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% The ATLAS experiment

tuen Deiectors

Becirpmagnots Calorimeters

Srdenald Farveard Calofimatior
Ae— Inner detector, |n| < 2.5
Pixel SCT TRT
# channels 80 M 6.3 M 350 k
operational 97.3% 99.2% 97.1%

Calorimeter system, |n| <4.9

LArEM | LArHEC |LAr FCal Tile

170 k 5,6 k 3,5k 9,8k

97.9% | 99,9% | 100,0% | 96.8%

Muon spectrometer, |n| < 2.7
MDT CSC RPC TGC
350 k 31k 370 k 320 k

_ 2 : _. 995% | 985% | 97.0% | 96.8%
Barrel Taroid sl S Hadronic I:I_alnrl"nr'lﬂ'\. Shll;icﬁng
¢ Installation finished in June 2008
— in situ commissioning since then o e Calorimeters Muon Detectors
pixel SCT TRT ;:; F';irD F&B Tile MDT RPC CSC TGC
¢ Fraction of data available for phySiCS | ; sss 100 s07 s6e 578 100 ss 998 s62 sos
m 2010:

Luminosity weighted relative detector uptime and good quality data delivery during 2010 stable beams in pp
collisions at ¥s=7 TeV between March 30" and October 31%* (in %). The inefficiencies in the LAr calorimeter will
partially be recovered in the future.

=» Excellent behaviour of all subdetectors
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%The calorimeter system (1)

n=0

Tile barrel

Cu-LArHEC .- =

LAr hadronic
end-cap (HEC)

LAr eleciromagnetic
end-cap (EMEC)

Pb-LAr EMEC '

NS

LAr electromagnetic
barrel

Pb-LAr EMB

¢ HAD calorimeters

- up-ton=4.9 (~0.1°)
— hermetic in n (A ~ 10)

— 14336 cells

05/30/11

Fe-scint. Tile

Tile extended barrel

— n~1.5

|

LAr forward (FCal)

"~ W/Cu-LAr FCal

¢ EM calorimeters
- up-ton=3.2
— high granularity (173312 cells)

— hermetic in ¢ (accordion)

Ap=0.1

//////////4/5

nteraction lengths

11 5
Pseudorapidity
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%The calorimeter system (2)

¢ Cell energy reconstruction checked with test-beams (2000-2005) and
COSMICS (2008—2009)
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01SC Staoic (1C 0)a undacr Cco Q)
;1035.”\|H..\.H\.H.H\H..H..\.H.H\.H\ %‘70:|
2 [ =
= Cls ' e 60
) S EM3 00,  "Eagg o (&) E " 3
c = %o, P —— = 50
2 - coee ° . Sr u il T-I
J— = @ E ]
LAI' 1025 W 2 a0f . . : e
uij E X * FCall “?C\ " ‘. ! . imsg " ]
R m——ces b = FCal2 ¥ 30 -
+ FCal3 = >4 . n mm
o HEC1 @ 20: m
= HEC2 € F Tile Sample A! 7
¢HEC3 | _ g r ATLAS -Tlle SampleB: =
+ HEC4 E 10 +-Tite-Sam pIcD
Ll Lol W Ee v b v by b ey 1003
3 35 4 45 -1.5 -1 -0.5 0 0.5 1 1.5
I n

=» Energy response constantly checked in ~200000 cells
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Part | :
E.™ss commissioning
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? Importance of E_™s*

4
B © = 60 -3
e o
¢ Hadronic collider @ E=7"o
collide E=7TeV E=7TeV

=> conservation of transverse momentum only (E. ™)

¢ To reconstruct standard model candles with neutrinos
in final state (E_"= E_ ™) :

- Tlepton (T —jet+v T —>1+v+v)

— W bosons
— top quark
=» reconstruction and calibration 3 LR P
v 10? I CCD =
° . . . W Woev+jets, W—evy tt—wev+XJ
¢ To search for new physics with non-interacting £ GG m, - 600 g\\f: ]
. 10 m, = e -
parthIGS: N ;T UED 1/R = 900 GeV E
. ATLAS Preliminary 7
- SUSY (Higgs boson (H/A = T71), supersymmetry) 1 [EET
- 1 ! ]
Heavy jauge bosons (W") o Al
- Extradimensions (graviton) A I :
9 control tails 0% B0 100 150 200 250

E™ [GeV]

—>Missing E_1s a key signature to discover new physics
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% E._™s* reconstruction

¢ Variables of E ™

— scalar sum of transverse energy: 2E_

— opposite of vectorial transverse energy sum projected on x, y-axis: E /™

_ mOdule E miss — \/E missz_l_E miss2 =) miss,Calorimeter | E miss,DeadMaterial | E miss,Muon
T X Y T T T

_ direCtion: (Pmlss — atan(Eless/EXmlss)

¢
0
4 Calorimeter noise reduction: EEE
- 3-D topoclusters o 2[ll2 o
- |[EP4*c_. seed, |[E>2*c neighbours, |E[>0*c boundaries 2 z 3 i z
— need to tag noisy cells
¢ Commissioning of E_ ™ with 2008/2010 data:
— Study at EM scale
- Random events: <E "> =<E "*>=(0,<YE>=0
(600 k events)
- Minimum bias events:  <E,™>=<E "*>=(, XE_in [0;250] GeV
(500 k events at 900 GeV

34 M events at 7 TeV)
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? ETmiSS reconstruction in RNDM events

¢ Use ETmiss to commission the calorimeters

¢ Cell pedestals understood:

%8000 - ATLAS Work in progress z 02 :-.90 '
87000 f— . _?_ataMC L:g))15— . — 80 .15
ﬁ - —_— O (@) :_ | v . _: —70 0.1 ]
- UoE T ol i ‘ 2.05 ]
‘%5000} ZET 2o ‘ | | I !H” | ‘”\Ill\ | H | HT o .
g = . “ g CE | M | —40
W 4000 |— . 40.05F ‘“ !‘ | I }”‘ H‘I!” W \ \ H\H— gy " ]
3000 f— - § -0.1 : _: I ]
E = 15_— ! —: 10 15 ]
2000 [ %00 20 ...................................... 0  ed—1t 1
1000 - 20 40 60 80 110 . 120,140, 160,368 o o aw
0 : .-l 1
5 4 3 2

EET Gevy

- 2E, centered on O because stable pedestals (1 MeV shift /cell = 1 GeV shift of 2E.)

E ATLAS Work in progress
w 10° B8
. . . s O old noise description (2008)
¢ Noise suppression assume Gaussian and 2.+[0% | mnew noise description (200)
non-coherent noise E b

— OK for LAr

: T ussed later
- needed new noise description in Tile

= Pedestal and noise under control before LHC start
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ETmiSS tails in RNDM events

¢ Setup a procedure to tag the calorimeter problems

¢ Use jets as a probe: no jet expected in random events
— reconstructed jets in a narrow cone (AR = 0.4)
— study jet properties : number of cells with 90%, sampling with max energy,
EM fraction, timing, etc.

¢ Example of problem: # jets

I " TopoJets .90 > 1€ PS cells only
5 " Entries 413 = 0] = ATLAS Work in progress
= \ . ﬁ 107
.- ~0 S102t Odata before correction
‘Nﬂ__& @data with problem corrected
or ATLAS Work in progress = % E = =
- —40 L SEies
210* o
—30 E s C
5 20 210 2
10 10° ;g

STl ol e Ly o I el b P by
4 2 0 2 4 10705710 15 20 25 30 35 40,45 50
n Er*(GeV)

- Jets with max energy in presampler: coherent noise — E_™* tails

— related to faulty HV cable in PS, changed during Winter 08 shut-down
— tails disappeared in 2009

“Testing calorimetric Missing transverse energy and jet reconstruction with random and cosmic data”, F. Hubaut, E. Petit, P. Pralavorio, D. Rousseau, D. Varouchas, A. Olariu,
ATLAS internal notes physics ATL-PHYS-INT-2009-045
“Readiness of the ATLAS Liquid Argon Calorimeter for LHC collisions”, The ATLAS collaboration, European Physics Journal C, 2010, 10.1140/epjc/s10052-010-1354-y
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E.™ss performance in MinBias events

s =900 GeV_

GeV

GeV

> F ] T T
&1L ATLAS Preliminary _]
E ~ . \'s=900 GeV 3
E10°E E miss =
Lﬁ X e Data n
10° [ MC MinBias 4
1°E RMS: 1.4
105— —
ot
Bt il v il i3
-40 -30 -20 -10 0 10 20 30 40
Ey'®® [GeV]
> L B L B B A B R
& ATLAS Preliminary 7
% 10° = E miSS \s=2.36 TeV =
L%) C X e Data
102 L ] MC MinBias |
ol RMS: 2.4
PP IR P I TP B | I B [N B
-40 30 -20 -10 0 10 20 30 40

=»Very good agreement data/MC

=»Resolution of

o(E, ") = 0.41*\3E,

; 1 0 : T I I I T I T ‘ T T I | I 1 I T ‘ T T 4:
O — : .
O 9  ATLAS Preliminary e Data:fit0.41\LE,
c = Data April 2010 » =
S 8E \s< 7 TeV —— MC: fit0.43\ T E; -
5 75 Ly,=03nb" =
8 6 = Ml <4.5 =
o - EM Scale ° E
€. b5F -
LU = =
8 4AE E
W aE =
1E —
o 7 | | I | | | | ‘ | | | | | 1 | | ‘ | | 1 F

0 50 100 150 200 250
Y E; [GeV]

“Performance of the missing transverse energy reconstruction in minimum bias events at $\sqrt{s}$ of 900~GeV and 2.36~TeV with the ATLAS detector”, The ATLAS
collaboration, ATLAS conference note ATLAS-CONF-2010-008
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ETmiSS tails in MinBias events

¢ Extension of method developed with random events:
bad jets with p. (EMscale) > 10 GeV, to getrid of: .. - ¢ cvents in data -

- HEC noise bursts: /. > 0.8 and n90 <5 — 0.65%
- EM calo coherent noise: > 0.95 and |fquamy| >0.8 — 0.01%

— COSMICS: |tjet| > 50 ns — 0.11%
P e e
> 107 I R e e e e e e A 7 E 10° ;_._ L =03nb" 4 [ Min.bias MG é
3 ATLAS Selections: ] 5 F | amereos -
- 10°L Preliminary [ bQ + Collisions - 5 gl mEwoey ]
-~ - [_] + No single cell - é S :
8 10°L Data 2010 jetsinHEC ] 2 L =]
= = L, =0.3nb" —$— + No bad quality J g
L 10°* L Ns=7TeV jets in EM-Calo_] = — ]
= m<4s5 o Min.bias MC 3 — T E
103 g_ _g 1 10 107 o
10°g T =»Good agreement data/MC
10 | : :
£ E =» Almost no impact on physics
1 : L
£ g No high E_™s tails
0 80 100 > Sl By |
EMsS [GeV] — promising for physics with real E_ ™

“Performance of the missing transverse energy reconstruction in proton-protons collisions at $\sqrt{s}$ of 7 TeV with the ATLAS detector”, The ATLAS collaboration,
ATLAS conference note ATLAS-CONF-2010-039
“Performance of ET miss reconstruction in first ATLAS data” , E. Petit, Phenomenology 2010 Symposium (Phenol0), May 2010 (Madison, Wisconsin)
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W physics with 2010 data
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% W cross-section

¢ First physics measurement in ATLAS
~ 315 nb"! = 4 months after LHC start at Vs = 7 TeV

¢ Need to compute systematics for electron and E. ™, etc

— pioneer methods now used for other physics analysis

¢ Focus on W — ev channel

— already precise theoretical predictions

0.BR (nb)
W — ev 10.46 £ 0.52 | NNLO
di-jet (p, > 15 GeV) 1.2.10° LO
W — tv— evvv 3.68 +0.18 NNLO
tt 0.16 £ 0.01 | NLO + NNL
Z—ee(m >60GeV)  099+0.05  NNLO
Z — wt(m_>60 GeV) 0.99 + 0.05 NNLO
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%W — ev selection (1)

=> General strategy: reduce background to very low level

¢ Trigger

— level 1, energy deposit in EM calo > 14 GeV — 6.5 Mevents
CATLAS R L

13 EXPERIMENT

¢ Primary vertex with at least 3 tracks

¢ Remove events with bad jet | )= M B wecnddaenn
¢ Seclect high p_electron ay

n| <2.47, not in crack, E_> 20 GeV, tight identification — 4003 events

¢ Remove problematic regions of the calorimeter
- ~2% of dead read-out cells

05/30/11 E. Petit Séminaire 3¢me année CPPM 15



%W — ev selection (2)

¢ £ ">25GeV — 1116 events

> 105 I T T T | T T IE > 105§I T T I T T T T T T I T T T I T T T | T T Ig
) ATLAk —e— Data2010 (\s =7 TeV) J L) - ATLAS —e— Data2010 (\s =7 TeV) 7
O . [ Jw—ev 1 (Lg 10tk %W—wv
L2107 - £ aon E 2 JLdt—sﬂnb aco 3
2 EJLdt 315nb’ Eaoeo E > 107 oo
_ac) C > Bz e ] _GC) sl _Ett ]
£ 10°E Elz- = € 10 3 Bz ee E
L ;zl"—gk B ] L E BlzZ-« 3
102 E 10%
10 '+' I E 10§
T . -
1 _‘;_l_l_‘_‘.:i 1E
—|_|_‘_| B ]
0 20 40 60 80 100 120 0 20 40 60 80 100 120
E_rplss [GeV] my [GeV]
¢ m_>40 GeV m, =y 2ESE™*(1 —cos (A ¢))

=>» Good agreement data-MC
= 1069 W — ev candidates
= S/B ~ 20
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% Background event estimation

- >3007 |||||||| T [T [T T[T T T [ TI T[T [TTrT
¢ EW (W — 1v, Z — Ul (€=e,7)) and tt from MC 8 | | ATLAS
2 2500 | J Ldt=315nb"
» L | =
Q r I ]
£ 200F —4— Data 2010 (s =7 TeV) ]
. m : -
¢ QCD from data-driven method o E:v;::vtva:v” ]

— binned maximum likelihood fit on E_ ™ 40"

 signal shape from MC

505— -

e QCD shape from reversed cuts on data : L
 robust method still used %10 20 30 40 50 60 70 80 90 100

. Emiss GeV

— tried ABCD method (used for muon channel) T[]

 but not possible to find 2 uncorrelated variables 3 b s | amiasvonmpogess ]

Background Background N ]

(EW + tt) (QCD) T T

33.5+0.2+3.0 28+3+10 1008 + 33+ 11 I ke

) X + stat + syst NP N *Ne™

=> crror on cross-section: 66/6 = 1% N
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% Cross-section calculation

obs  w\7bkg
NW NW

e-W . Lint

® Total inclusive cross-section: oy .BR(W —1v)=

€ L: total integrated luminosity (8L/L = 11%)
¢ NP<: number of background signal events
¢ ¢, = A, *C,: efficiencies
- A, truth level acceptance = 46.2%, oA /A, = 3% (PDFs, renormalisation, ...)

- C,,: detector reconstruction efficiency = 65.9%

=»Challenge: background estimation and systematics from detector
reconstruction efficiencies

05/30/11 E. Petit Séminaire 3éme année CPPM



% Detector reconstruction efficiencies

¢C =c¢

event” trig” “reco’  lep

- ¢__:event selection efficiencies (primary vertex, ...)
event

€

trig”

trigger efficiency

- o__: detector resolution (electron p_ scale, E ™)

€

lep®

¢ Systematics on C,, :

electron reconstruction and identification efficiency

Parameter OCy /Cw (%)
Trigger efficiency <0.2
Material effects, reconstruction and identification 5.6
Energy scale and resolution 3.3
EMSS scale and resolution 2.0
Problematic regions in the calorimeter 1.4
Pile-up 0.5
Charge misidentification 0.5

¢ Conservative estimate in this first step: 7%

05/30/11
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%Electron reconstruction and identification (1)

¢ Electron = seed cluster + matching track

€ Cluster reconstruction

: ey
- AnxAg = 0.075x0.175 = 3x7 cells, in barrel i

- AnxA@ =0.125x0.125 = 5x5 cells, in endcap

- Ecluster ~ EPS+ESI+ESZ+ES3 !Im%‘

€ Identification: calorimeter and tracker information

cluster-track
track quality shower shapes

hadronic leakage

[ Iwev MC
—

7000

Entries

em calo ad calo 6000

pixels SCT TRT

g
T

5000

R 3000

2000

1000

4000 —

— lateral shower shapes not understood at the time ¢ -

‘ SenSItlve tO ma’terlal before Calorlmeter 0.;.0;5 0.007 ot)'gs.'o.d:e 0.01 0011 0012 0013 0.014

/' weta2
lateral width of the shower

Data/MC
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% Electron reconstruction and identification (2)

: , : Kinematic cuts only
¢ Electron identification e -

— 1dentification efficiencies from data with Probe
Wenu tag-and-probe
_ N{(probes passing identification cuts)

T N (all probes) g E,™ cut
- 4.7% uncertaint / . .
ou y V., Tag™-__ E mssjsolation
/ cut

¢ Material before the calorimeter:

. - £ an amaswoinrogess = nominal MC
- known with 0.1 X precision (0.01 needed) Yool [, + data
- compare efficiencies for W — ev MCs with : = MC with more
additional material 1000 material
. = End 3
- 3% uncertainty o 3
o B 3
% 1-51 :‘, ,,,,,,,,,,, ortes®**evne . oy + *+ ,,,,,,,, |
0 . 6 CW a 05 |- **++++ + |
9 56 /O unCGI’talnty on 0002 04 08 08 1 12 14 16 1I:§11E22
C I <
W

sensitive to material before the calorimeter
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% Electron energy scale

. A AR AR LARAS RARRN LAY AN RARAN RN RS L 7
¢ Llectron energy scale checked with n° £ 1085 tatistical uncertainty E
. . o, 1.06 Systematic uncertainty -
— data/MC agreement within 2% over n o ,b M Total uncertainty E
% I T
IS I — ]
o swhS S o~ ==
=, QSE;\ .
. @ V.90 -
¢ In agreement with test-beams results i ]
> 250k . 094;_ ATLAS Preliminary E
° I 092 505 0 05 1 15 2
2 n
5 240 | .
5 [ e 0=9 vo=D : [ E=244.8GeV
=235 F me=l0 +0=03 o = RMS/E = 0.48%
¢p=11 x o=14 - e
[ 1. MR ' IR TR RN RN T B RN A BN EN PR TR IR TE ATRE1 FRTE1 I
0 10 20 30 40 50 25 50 75 100

Middle 1 index
=> conservatively 3% uncertainty on energy scale

¢ Affects reconstruction, identification, E. ™ cut

-~ change the electron energy and E_.™ by £3%
0 Cy

Cyw
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? (main) systematics from E_™ss

ATLAS Work in progress

¢ £ ™ response
. E,™s3 truth
— E, ™9 reco

— difference cutting at truth level and reco level

— eff. cut = 81% truth, 82% reco

— uncertainty of 1%

01020 30 40 50 60 70 8090, 100
E; [GeV]
. . . o o
¢ Hadronic calibration £ 125600 20%  S%h
3 1.207
— uncertainty from charged hadron E/p studies £ 1450\ fun=1+005x(1+E)
: . .. S10F
— change in E_ ™ cut when topocluster energy multiplied @ ; o5
by 1 +a.(1+b/p,), witha=5% and b= 1.5 ;gg_ _________________________________ ;
= uncertainty of 1.5% gzg:m - 1008 x(1+15) :
0.80F =
0755l — il o :
. - . 1 10 10°
=>» Total systematic E_ ™ uncertainty: 2.0% P, of topo-clusters [GeV]

=>» method used in all SM/E, ™ analysis
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% Cross-section results (1)

6.BR(W — ev) =10.51 +0.34 (stat) = 0.81 (syst) £ 1.16 (lumi) nb

¢ Muon channel ¢ Combinaison of results:
- same method used 6.BR(W — €v) = 9.96 + 0.23 (stat)
¢ Background: 1+ 0.50 (syst) £ 1.10 (lumi) nb
- ~same amount of QCD bkgd 2 ATLAS
- more EW bked (Z — up) SR
¢ main systematic errors: O e
—- reconstruction and isolation: 2.7% & L =
(no material effect) Z; E
— energy scale and resolution: 2.3% (O e e o Do
- trigger: 1.9% v _ ............. W oo f Egmi .
- total: 4% v . — . —
— s [TeV
2'13.15{(()\?;};)“ ;)liog.glirii()) 1318 (stat) => compatible with prediction\( 1[0.4]6
+0.52) nb
=> First (published) physics ATLAS
measurement
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%Cross—section results (2)

) CMS
ATLAS T CMS |
Y ——— g _ CMS preliminary ICHEP2010 \Vs=7TeV
0 L L s or T
o(pp > W — 1v) ATLAS _[ . NNLO, MSTWO08 68% CL prediction
-~ Theory (NNLO) | ! J-Ldt _ 310315 nb” Ldt=198 nb 10.44+0.52 nb
: Data 2010 \'s = 7 TeV)
' W —uv —
t —a— i A Electron channel 9.14+0.33,,+0.58  +1.00,,nb
10.51 £ 0.34 (stat)ii 0.81 (syst) £ 1.16 (lumi) nb
' W —ev — A
——y——— ¥ Muon channel 9.34:0.36 070, _ +1.03,  nb
9.58 + 0.30 (stat) = 0.90 (syst) + 1.05 (lumi) nb
' W lv (combined) ==
l_l_._'_i'l m Combined 9.22 = 0'24stat +0.47 syst +1.01 lumi nb
9'96| i- 0'23 (Sltat) = 0'40 (SySt) il 1 ‘10 (Iun““) nb I L L L | L L L | L L L | L L L | L L L ] L L L ]
1 | 1 | | 1 | 1 1 I . | | 1 1 | | 1 | 1 1 | 1 | O 2 4 6 8 10 12
8 9 10 11 12 13 14 6( pp — W+X — v+X ) [nb]
o,y [Nb]

¢ Signal extracted from maximum
likelihood fit to E.™ or m_

=>» central value of combined results below prediction for both
experiments

“Measurement of the W -> Inu and Z/gamma* -> 1l production cross sections in proton-proton collisions at sqrt(s) = 7 TeV with the ATLAS
detector”, The ATLAS Collaboration, Journal of High Energy Physics Volume 2010, Number 12, 1-65
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% Cross-section results (3)

¢ Measurement with all 2010 data (36 pb™)

¢ Improvement of systematic errors

electron reconstruction and identification:
Wenu and Zee tag-and-probe: 5.6% — 1.9%

energy scale and resolution: Zee tag-and-probe:

AC,/C,, :3.3% — 0.5%
E_m™s: still 2%

total syst error : 7% — 2.8%

16000
QO

ot}
~12000
Yo
£10000
L

luminosity error: 11% — 3.4%

O
0 14000¢

8000f
eooof
40003
2ooof

T ]
- ATLAS

T T T | T
Preliminary

- ILdt=36pb‘

—e— Data 2010 §/5 = 7 TeV] ]

[ W —ev ]
[Jaco —
Cw—av 7
Bz ee ]
Bz
B

6.BR(W — ev) =10.551 £ 0.032(stat) £ 0.300(syst) £ 0.359(lumi)£0.316(th) nb

0.BR(W — uv) =10.322 + 0.030(stat) = 0.249(syst) + 0.377(lumi) =£0.310(th) nb
6.BR(W — 1v) = 10.391 + 0.022(stat) + 0.238(syst) &+ 0.353(lumi) + 0.312(th) nb

=> not dominated by detector effects anymore
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%W charge asymmetry (1)

¢ PDFs extracted from fits of processes
sensitive to them

¢ ud > W and du > W
— more uthan d = more W' than W-

- W larger boost along beam-axis than W~

fid fid
O..-—O0

PDF: probability to find a quark with
a fraction x of the proton momentum

¢ charge asymmetry: A;=—— with o
Oy T Oy

— Xx values not accessible with other experiments
— Tevatron results already used
— could discriminate between PDFs

05/30/11 E. Petit
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%W charge asymmetry (2)

¢ Same event selection as cross-section measurement

¢ Feasibility of measurement with 315 nb!

- A_=0.21 £0.03 (stat) £ 0.01 (syst) — 7o from 0

— still dominated by stat error

¢ Measurement with 2010 data (36 pb™)

— 10 bins 1n |n)|

9000 I

Entries

8000} I:lWﬁEV
F [ JacD
7000 [ Jwow

e
5000 T
4000}
sooo;LF

2ooo§
10000

T T T T T T
[ —e— Data2010 /s =7 TeV)

I Ldt=364pb"

07 ——1] |
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9000 — T
[ —e— Data 201
8000+

F [ JacD
7000¢

6000; Bz e

s000-
4000
3000
2000_1*
1000-

[ Jw-oev
[ Iw-ow
[

E‘ D_5_I T T T | T T T T | T T T T | T T T T | T T I_
° L —4— Data 2010 (5=7 TeV) i
£ [ %44 MCINLO, CTEQ 6.6 ]
E 0.4 S8 MCINLO, HERAPDF 1.0 .
2 [ %22 DYNNLO, MSTW 08 i
03k W—ev | .
- SRR
C =
0.2 Gasasssssnssnsany .
Y AN .
S sabESOa R bl .
0.1~ ATLAS
: J.Ldt= 315nb " ]
E}_I 1 11 | 11 1 1 | 1 11 | | 1 1 1 1 | | | I_
0 0.5 1.5
L A N |“|
0Ns =7TeV) -

e

.[ L dt=36.4pb’
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Background

¢ QCD from data-driven method

— binned maximum likelihood fit on E. ™

— statistical errors from fit: 5-10%

— systematic errors: 10-30%

=>AA/A ~ 1 %

W 250_L| L L L L L | L LA LA BLELAL B T -
2 — —&— Electrons, negative n 1]
c | —%— Electrons, positive 1 3
w 200 — —&— Positrons, negative n —x— | ]
. —— Positrons, positive 1 1 —y—1—
150 :— :i::“: _i_ _:
N _t_— — —Y——y— ]
100~ —A——t— _ -
e ]
50| —i— -
—4— ! ]
D_I 11 | 111 I 11 1 | 11 1 | 111 | 111 I 11 | 111 | 111 | 111 | 11 1 | 11 I_

0 02040608 1 121416 18 2 22 24

¢ EW (W — 1v, Z — U (€=e,7)) and tt from MC

- 14 % error (luminosity, PDFs, cross-sections)

= AA/A ~0.1-0.3 %

05/30/11

250rrrprrrrrre

o}
£
[ W=y
£ [
w

[ Blz-ee
200 Mz -
[ B

-2 -1.5

E. Petit

BRAANRANENRSAAS LSS REEssERaas hany
ATLAS Work in progress 1

J Ldt=36.4pb" e+ 7;

-1-050 05 1 15 2

250_\II|\II\|III\|I\\I|\III|\II\‘\I\I|II\I|\HI‘III

(2]

[\] 4

E r COw-«~ ATLAS Work in progress -

UCJ [ ElZ-ee ]
200 Wz 1t

T J Lat=364pp”

-
[$)]
o
I
|

2-15-1-050 05 1 15 2
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% Detector efficiencies

¢ Electron identification: compare data and MC efficiencies for e+ and e-
— error on asymmetry = deviation of (Cw, */Cw, ")/(Cw, /Cw,, ) from 1

> AA/A~6-20 %
— closer to 1 with better inner-detector alignment

1.2

-
-
(&)

CW-+/CW-(data) / CW+/CW-(MC)

T LI L B L L B M

ATLAS Work in progress

— still under study 105 _L ]
0.95F- _T_ | =
¢ Electron energy scale I T
08345105 0 05 1 15 2
D> AA/A~1.5-2.5% nl
% 9000 ;_' S ELALE AL U | PR I TR TR T | I l_;
) g 8000 i— vy ATLAS Work in progress —_— rl?‘lzcac;. :jgza%e“_ 0,03 Gov _i
miss . FJ) E i ms= 8.72GeV 3
¢ E ™ R e P A oo
— no visible difference between W+ and W- 00t = Rt T e aen Y
= mean = 11.75% 0.02Gev 3
- neglected here - = E
1000§ —E
0 e
1 HEROQD - bl
0.9 & TS . '
2 0 5 20 % W %, 48
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% Results (1)

Asymmetry

0_35 I I T I | I I I I | I I I I | I I I I I I I ATLA b
I _ ] results in muon channel
| —4— Data 2010 (/s=7 TeV) _ ¢ S results uo ,C .a ©
- #4% MC@NLO, CTEQ 6.6 . - same method, same binning
0.3 stk MC@NLO, HERAPDF 1.0 7 — main systematics: trigger, muon
[ #%2 MC@NLO, MSTW 08 -
i reconstruction
- W — ev = total syst: 3-10%
0.25[ : y
I . 0,35 ————————
-] e S - < | —— Data 2010 (s=7 TeV)
_ = - %4 MC@NLO, CTEQ 6.6 i
0.2 — 0.3 S MC@NLO, HERA 1.0 g
] [ 44 MC@NLO, MSTW 2008 | | A7
2002 i 0_25:_W+uv S
0.15zt m :
1 7 i
i JLdt=36 pb ] 0.2 .
i | | | | | | | | | | | | | | | | | | | | | | | i % “‘”A | E
0 0.5 1 1.5 2 0-15—‘ Wﬁ J ]
i Ldt=31pb" -
|Tl| I T R B B
0 0.5 1 1.5 2
M|

=> predictions at NLO with CTEQ6.6, HERAPDF1.0, MSTW2008

— kinematic selection cuts at truth level
=> Currently compatible with all the predictions
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Results (2)

CMS 36 pb'1 at \/E =7TeV
T T T
03 — CMS-EWK-10-006-003 / CERN-PH-EP-2011-024 (arXiv:1103.3470)
¢ CMS results ~ | 3
L. .. T p opH>25Gevic ; =
— 6 bins, in n|, 2 bins in p_ E L
— N' > | O9W-oev //é § ﬂ
- simpler calculation: A;=——— < oL eWew g b
N +N = /% 1
5 | - ,g/ MCFM: |
. . . . . . HERAPDF 1.0
— main systematics: identification, § [ .Z.- ---- wSTWZOOBNLO ]
energy scale, charge mis-identification & [ e )
= total Syst: 4_5% _E : : | : I I : I ; ] Iﬁ 7]
0 1 2

Lepton Pseudorapidity  In|

| @2 = Mg, ratio to NNPDF2.1 |
1.3

=>» Improvement of PDF uncertainties with 1

ATLAS and CMS asymmetry data: : 1

\\

EEEEII

§§\\\§\ T Er T Y

0.9
0.8

PDF uncertalnty for u quark
01?05 104 103 < 102 101
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- Conclusion

i

# 3 years of a very exciting period...
¢ ... from calorimeter final installation...

=>» Calorimeter system and E. ™ in sifu commissioning in 2008-2009

— well understood and under control

¢ ... to the first collisions and physics measurements in 2009-2010

=> First W-boson production cross-section with 315 nb-!

— implementation of systematics for electrons and E._ "™

— 1n good agreement with expectations

=» Charge asymmetry measurement with 36 pb'!

— not sensitive to PDFs yet
— but can already improve their uncertainties

05/30/11 E. Petit Séminaire 3éme année CPPM
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?Importance of missing E+

¢ Hadronic collider
=> conservation of transverse momentum only (E_ ™)

¢ To reconstruct standard model candles with neutrinos in final
state (E."=E ™)

- Tlepton(t 2 jet+v , T > 1+v+ v)

- 7, W bosons
— top quark

¢ To search for new physics with non-interacting particles:

Z,-;a:‘ggl‘foefe cut-away view of the ATLAS - SUSY (Higgs boson (H/A = 77), supersymmetric particles)

decay of supersymetric particles

— Heavy jauge bosons (W')

— Extradimensions (graviton)

—>Missing E._1s a key signature to discover new
physics

05/30/11 E. Petit Séminaire 3éme année CPPM 35



?Low E1™* events

® Reconstruction of tranverse masses :

- W=ev (ET™ >20GeV)

- t> Wb

pT(W) =0, no smearing

pT(W] 20, no smearing

pT(W] 20, with smearing

® Reconstruction of masses :

- Z 2> 171 (EY™ > 20 GeV)
- H= 71 (ET™ >40 GeV)

II|IIII|\III|IIII|IIII|II\I|IIIII—

E
1

el PR |

0 1

- A > 171 (Ef™ >20 GeV)

Transverse mass of W :

—Understand the detector performances :

700 110 120
m; [GeV]

M.? = 2E °E_™*(1-cos(p -¢,))
with (red line) and without (blue line) the

effects of finite detector resolution (ie

— Resolution smearing)
— Linearity

— Energy scale

05/30/11 E. Petit Séminaire 3éme année CPPM
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%High E1t™ events

# Particles with high ET™":

- H>1v

- H=>X"x{° SUSY : E™ > 100 GeV

- A X2°X5" (X" X{°I'T)

- Gkgk (graviton) } extradimensions : E1™ > 1 TeV

- W' 2>ev (Ef™ > 50 GeV)

4 Understand E1™ tails :

—>control the instrumental problems
that can fake E™

Events/ 50GeV / 23.8pb™

105 TTT [T T T T[T T T T [TTT

ATLAS

—+— QCD estimate

B QCD 'data’

— Other SM
— SU3

10°

10?

10

|

IIIIIIIII I |1 1 10l IIIIE
100 200 300 400 500 600 700 800 900 1000

E; [GeV]

E7™* distribution of background

processes and SUSY signal for 0-lepton
mode with an integrated luminosity of

23.8pb".
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%Le terme E1™*° calorimétrique

4 La mesure de ET™“" repose sur 187648 cellules (10 fois plus que D@/CDF)

%TCalorimétre — %TEM,tonneau + %TEM,bouchon + %THEC + %TFCal + ﬂTTuiles

Tile extended barrel

Tile barrel

Ncellules: 100% 58% 34%, 3% 2% 3%
92% s

1) Supprimer le bruit g :-

— Cellules telles que |[E[>2*0pyit Vi

barrel i
¥ | LArforward (FCal)

— TopoClusters : graines |E| > 4*0pyit, cellules voisines
|E| > 2*0pit, cellules frontiere |E| > 0* oyt

2) Identifier et traiter les cellules a problemes

3) Non compensation des calorimetres = calibrer les cellules différemment
pour les gerbes €lectromagnétiques et hadroniques

=»Les points 1 et 2 peuvent étre étudiés avec les événements

cosmiques
38
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% First months of LHC running at 7 TeV

top
Z T
¢ SM discovery: W
— electron: 1897 — L
_ muon: 1936 8 102t ATLAS Online Luminosity Vs =7 Tev —~
' 2 105 [ LHC Delivered .
- tau: 1975 g =[] ATLAS Recorded e
— quarks: 1968-1994 % 1 = Total Deliyered: 15.87 pb” E
_El 10_1 C Total Recorded: 14.43 pb™ N
- v 1956 g : :
> 102 . E
~ v :~1950 2 - pile-up -
! = 10°¢ - E
] = =
- v 2000 k] 104% _%
- Higgs: 2012 ? 10° ...|...|...|...|...|...|..._%
28/03 25/04 23/05 20/06 18/07 15/08 12/09 10/10
Day in 2010
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% Number of signal events

Electron

‘ Nsig — Nobserved_Nbackground Muon
- 300_ IIIIIIII T [T rrrT [T T T[T T T[T T T[T [TTTT
¢ EW (Z — U (l=e,u,1), W — 1v) and tt from MC 5| | IATLAS :
2 2500 | Ldt=315nb" -
. o L I ]
‘ QCD fI'OIn data-dI'IVen methOd %200:_ I —4— Data 2010 (\s=7TeV)_f

:/" |:|W—>ev+W—>tv

— binned maximum likelihood fit on E_™* //1/50— | [0 aco e tempie)
« signal shape from MC 1000 | ]
e QCD shape from reversed cuts on data 50; | ]
~ ‘matrix method | N, =N, o +Noo, 50 o6 d0"50" 80 755055 00
— olIso iSO E?'ss [GeV]
Niso — & nonQCD'NnonQCD te QCD‘NQCD
Observed | Background Background N X £ stat + syst
candidates (EW + tt) (QCD)
e 1069 33.5£02+£30 28x3x10 1008 £ 33 £ 11
v 1181 /[76+£03+£54 23+£5%9 1081 £ 34 £ 11

=>» Dominated by stat. error
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% C,, factors

¢C =c¢

O .€ .E .
event” reco’ lep’ trig

: event selection efficiencies (primary vertex, ...)
ent

€
(W%

g, trigger efficiency

o : detector resolution (electron p. scale, E_ ™)
reCo T T

- g, reconstruction and identification efficiency

¢ Systematics on C , (example for electron channel):

Parameter OCy /Cw (%)
Trigger efficiency <0.2
Material effects, reconstruction and identification 3.6
Energy scale and resolution 3.3
EMSS scale and resolution 2.0
Problematic regions in the calorimeter 1.4
Pile-up 0.5
Charge misidentification 0.5
FSR modelling 0.3
Theoretical uncertainty (PDFs) 0.3
Total uncertainty 7.0
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%Cross—section results (2)

A
ATLAS T CMS
Y | — é_ CMS preliminary ICHEP2010 \Vs=7TeV
1 ] ] ' N L B
c(pp > W — Iv) . ATLAS _[ . NNLO, MSTWO08 68% CL prediction
-~ Theory (NNLO) | ! J-Ldt _ 310315 nb” Ldt=198 nb 10.44+0.52 nb
. Data 2010 \'s = 7 TeV)
: W —uv W
t —A—t 1 A Electron channel 9.14+0.33,,+0.58__ +1.00,, nb
10.51 + 0.34 (statk + 0/81 (syst) + 1.16 (lumi) nb
' W —ev —A—
——y——— ¥ Muon channel 9.34:0.36 070, _ +1.03,  nb
9.58 + 0.30 (sta ) + 0.50 (syst) £ 1.05 (lumi) nb
W lv (combined) ==
I—O—T—¢—< m Combined 9.22:0.24 ,, £ 0.47 5 £1.01,,,, Nb
9 96 + 0 23 S ?t i 0 40 Syst + 1 10 (’uml) nbl L L L | L L L ‘ L L L | L L L L L L | L L L | L
‘ 14 0 2 4 6 8 10 12
o( pp = W+X — v+X) [nb]

8
6, [nb]

¢ Signal extracted from unbinned
maximum likelihood fit to E_ ™ or m_

=>» central value of combined results below prediction for both

experiments Electron

Muon

42
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% n distributions

9000

Entries

8000
7000
6000
5000
4000
3000
2000
1000

=>» Good agreement data/MC

05/30/11

E. Petit

I T ‘ T T T T | T T T T | T T T T | T T T T | T | 9000
T —e— Dala 2010 {\s =7 TeV) ]
T wWoey e+ 1 8000
- [Joco -
C z -1 ]
- = e I L dt =36.4 pb 7 6000
;_ T w _; 5000
= 1 4000
IU_ 14 3000
— — 2000
- 1 1000
e R e e 0
2 1 0 1 2
M

—e— Data 2010 /s = 7 TeV)

[ IWow

Bz
T

IIII|II‘I|IIII|IIII|\II\|IIII|IIII|I\II|IIII

e e

B 2 e JLdt=36.4 pb’

Séminaire 3éme année CPPM

=

43



%Asymmetry systematic errors

05/30/11

Error [%]

20 —a— EWK background
:I T ! —.— QCD backgrﬂund L T T T T L‘IL;:
18— —i— C, + identification —
E E; scale and resolution e E
16 — —{— stat error ]
14 ATLAS Work in progress —
121 —_.— =
10 —
— T T ‘__ _ _:
8 —0— A =
6 - —i h— S
- L3 — _
4t o T e
2 —
— - —
eI, o Seos eedliEs. Sow smms adiEE
0 02040608 1 12 14 16 18 2 22 24
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% Higgs sensitivity with ATLAS

—%
Mo

e b ATLAS Preliminary (Simulation) / | [
> L - @4 56 \5=7 TeV | —o—5o\s=8TevV /[
@ 10— B L e iy L R N
_E B E --k-" 95% CLm'E=?_Tev~f~7ﬁ.— 95% CL\s=8 Tev ]
SR | ;
- 4B ]
% 6:— 1 H_:
E) — o :." —
® T+ T - — — —| — — end 2012
c il
= 4
SR
2__ _-f‘l‘ )
— T — % T — — June 2011
?OD 120 150 200

¢ 95% exclusion with 1 fb': 130-460 GeV
¢ 36 discovery with 5 fb': 120-500 GeV
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%Electronic noise

LAr

—
o
w

- _IIII|IIII IIII|IIII
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E : « PS {}!
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h,

)] =~
o =]

9]
=]

[ o8]
=] =]

Electronics Noise of TileCal Cells [MeV]
= S

Tile

_I T T T T | T T T T T T T T T T T T : T T T T : T T T T : I_
SR S R S N N -
- = .
. = [ T
I TN YO SO S SO S N A ]
n = 4 ® 0
BT B S B Sy B
- i - i N & a
e B e i...l ................. ;l ............................. ?;i .................... —
C i A N
= ________________________ ________ Ti'l'é"ééiﬁ*ibllléﬁ _______ .
- ATLAS . m Tile Sample BC .
S e e Tile- Sample D - __
| | | | 1 1 | 1 | | | | 1 1 1 1 | 1 1 1 | | | 1 1 1 | 1 | | | | | |
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n
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%Topological clustering

¢ Input to Calorimeter—ETmiss reconstruction: 4/2/0 topoclusters

¢ 3-dimensional group of calorimeter cells:

- seed cells with [E_ | > 4*c

noise

- iteratively add neighbours with [E_ | > 2*c

noise
: : ¢
— add perimeter cells with |[E__ | > 0*c 0
cell noise
O 02 00

% [1 ATLAS Preliminary 'S [EP20 02220
l-to': 104 = ’ :?:l;le Gaussian noise model

g_: E Topoclusters 4/2/0 02 . 200
‘Eﬂla E ’ g?l:;IeGaussian noise model O‘ 2 2 2 2 0
o

& 00000O0O
N

E

-E 10 1'++

—
°_IIII| T IIIIII| T IIIIIII|

L I P R L
2 4 6 8 10 12 14 16 18 20
E!I'I-“SS[GeV]

05/30/11 E. Petit  Séminaire 3éme année CPPM 47



%Randomly triggered events

4 No energy deposit

% E| T T T T T T |E % 5 —_ﬂ :

3105 £ Exmiss 5";1' + Random Data E g'm EE "..... ETmlss —+— Random Data _§

S o L .,"" % ATLAS Preliminary _ S0t = " ATLAS Preliminary

§ i3 RMS: 043 GeV & [ *, 3

010° & § Y 5 m10° £ ~, -

- f 3 - - “, .

102 = ! \ ] 102 = -, .

E " % ; ~¢ﬁ¢w ;

10 L _ 10 ¥ =

L Wit 1.1

§|||| A 1L h L | § 0:||||JI||||2|||||:|3||||£|I.||||5|||||6|||||?|||||8|||||g|||||;

-10 -4 Emlss [GE‘\}]O Eflr_ﬂss [GE‘V]
=>» Centred on 0 =>» No tails > 10 GeV

=» Thanks to noise rejection, no contribution to resolution for physics
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%Calorimeter-based E.mss (1)

¢ Energy deposits in the calorimeters

Vs = 900 GeV

. ~600kevents

..... R e IR
® A5 A TLAS Prehmmary
©10 E miss
P X \'s=900 GeV

"%10
Lﬁ e Data

[ ] MC MinBias

=Y
Q,

RMS: 1.4 GeV

)
H'ITm] T |||||I'I1] T |||||ITI] T T

—
o

_40 _30 _20 _1 d Il 1 1 O 1 1 1 I1 O 1 I20I 1 1 I‘30I 1 1 I40
E™SS [GeV]

Vs =2.36 TeV

- ~20 k events
AERELELE L rrrrrrrrrrrTTr T T e T T T T T T E
& = ATLAS Prellmmary e
E 10° :— \s=2.36 TeV _:
i e Data 1
H 102 :_ [ ] MC MinBias _:
oL RMS: 1.8 GeV
- l [ | .

1 11 1 1 1 1 1 1 Il 1 1 1 1 1 1 1 1 1 1 1 1 | I 1 1 1 1
.40 -30 20 -10 0 10 20 30 40
EMSS [GeV]

Vs =7 TeV
~7 M events
> T T
& 10° ATLAS Prehmmary ;:
- Gty =»Good agreement data/MC
w10 =
§ 104 « Data —i
w [ ]MC MinBias ?
10° =
102 =
10 -
T L, | ;
50 4030 20 10 0 10 20 30 40 50
Emlss [GEV]
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% Stability of the selection

¢ Raw asymmetry (N*-N")/(N*+N") for each run
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-
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-
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[ ]
||||‘IIII‘||||‘|II=]’IIII‘IIII‘IIII‘||||

el e T N T T T AT N TP N T AT ]
Rk okl il ko e kol ek ko o bl ok S Sk SE o o e btk ol L o E Rl o e el R ol L o e e sl E il SRk i ah aE SR Lk S R ok R ]

=>» Good stability of the selection
with time
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% Asymmetry results (3)

Q’ = M, ratio to NNPDF2.1
1.3

1.2 D NNPDFZ.1 + CMS 25 GeV cut + ATLAS

=>» Results:

— not possible to discriminate
PDFs yet

— implementation of ATLAS
and CMS results in PDFs

1 1 IIIIIII| 1 IIIIIII| IIIIIII| IIIIIII| 111
computation 075 o e ) 12 ppor

“Measurement of the W -> Inu and Z/gamma¥* -> 1l production cross sections in proton-proton collisions at sqrt(s) = 7 TeV with the ATLAS detector”,
The ATLAS Collaboration, Journal of High Energy Physics Volume 2010, Number 12, 1-65

“Measurement of W->Inu charge asymmetry in proton-proton collisions at sqrt(s)=7TeV with the ATLAS detector”, A. Belloni et al, ATLAS internal note
ATL- -PHYS-2010-701 ) e \ ,
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@ MissingE. (2) ® W e

1 JF17 MC —
¢ E ™ with looser electron identification (QCD dominated): ] W—wMC
~ 10— 7T deposits of energy not associated
@ - to reconstructed objects
N . —e— Data 2010 (7 TeV) j
{l;?} 105: W — ev \\
~ B Efele
O . al CIW — v S T 1 MET_CellOut
= 10 = 1 11 8 102 .
c = C1Z s ee © =
Yok 2 10 4 E
ILdt= 1.01 pb™* : :
102E | . in E
10{ >, 'E
i ILLL E
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=>» Efficiency of E_™ cut (25 GeV): g(data)/e(MC) = 1.25+0.04

=> Discrepancy from soft physics in jet events (mainly in the forward region)
=> Need data-driven estimate of QCD background
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