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* The LHC and the ATLAS Detector

— Muon spectrometer and qualification task
o /Z Analysis :

— Physics and motivations

— Selection & Background

— Cross section extraction

— Limits on Neutral triple gauge coupling (TGC)
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The LHC

® Ring of 27 Km near Geneva
@ p-p collisions at CME 8TeV
* 4 Big experiments
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The ATLAS Detector

Detector characteristics

Width: 44m
Diameter: 22m
Weight: 7000t

Muon Detectors Electromagnetic Calorimeters

ATLAS

Solenoid CERN AC - ATLAS V1997
Forward Calorimeters

End Cap Toroid

earrel Tareid inner Detector Hadronic Calorimeters @ In n eS}FEIB%tectO r
* Electromagnetic calorim.
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* Muon spectrometer



Muon Spectrometer & magnetic field

Toroidal magnetic field ~0.5 T 1064y 5GeV 4Gev 6Ge A
Allows to:

1) Identify muons charge ||
2) Determine muon momentum 7

n
|

— Has to be modeled for the reconstruction =
procedure: Magnetic field map (B-map)

Service task (~6 months work ): i

» For the magnetic field reconstruction: ~1700 magnetic field sensors
— Sensor stability — classification
» Study of agreement between B-map prediction and sensors measurement
» |nvestigation of observed fluctuations in the measured magnetic field
CDS address : https.//cds.cern.ch/record/14952237
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Physics Analysis
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Analysis Introduction

» The Standard Model : —*—%7 S e
. o cﬂﬁi z T —e—hANN 2

% Electroweak sector: T e
a) u—channel ZZ production. i—channel ZZ production.

SU(2), x U(1), non-abelian gauge group
¢ TXO——\/\ Z

* Neutral Triple Gauge Couplings predicted to be 0 (c)
but can be introduced using an effective Lagrangian

I OO0 z
-‘EVEE = _il [(@[aﬂ V“*B)ZH(B“'Z‘E) +(@[ag V{,—H)ZI"’GZH]
Mz " \_/
@ Motivation g
— Now enough CME and luminosity for : 2
pl‘eCISG ZZZ measurement (c) The ZZZ neutral TGC vertex

which does not exist in the Sh.

— Probe standard model ( TGC: new physics)
— Main irreducible background to Higgs
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Event selection

)
Muon and electron selection: ZZ - A4l final state
@ High Transverse Momen m * Very clear signature
s |solated \c:l o St||| domlnated by the low statlstlcs
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Background estimation

1) Reducible background (fake leptons) :

° Z+X (jetory) Fully Data Driven estimation :

> Top (singlel top or ttbar) * Use data to estimate the number of
s WZ/WW + jets i S |
Background contamination in our selection

2)Irreducible background (all 4 true leptons):

° tt+7 : > -
i Estimated from
@ ZVV Monte Carlo

07/10/13 Protopapadaki Sofia



Observed events and kinematic distributions
— Results using all 2012 data at a CME = 8TeV
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Cross-section extraction

Total cross section :

tot

obs
N nm N

O
27 XBR(ZZ—1)x A, 1y XC,p i

L . Luminosity
BR : Branching ratio ZZ — 4l
A

o =7.1"03(stat) = 0.3(syst )£ 0.2(lumi) pb ~ '°F
To be compared with the theoretical NLO prediction (MCFM):

Om=7.2"2"pb

— Statistics still low

07/10/13

-_m - Corrects for detector acceptance
C,,., - Corrects for detector efficiency

i Svstematlc uncertainties :
: @ Object uncertainties ~ 3.3% :
— Lepton energy calibration
— Reconstruction & identification
. @ Theoretical uncertainties ~ 1%
® Luminosity 2.8%

7\ gl {88« <116 GaY)

o2 [pb]

LHG Dt 212 {{2=8 Te‘n'] .
o ATLAS ZZ 4 Il B 118 GeV] L-20 &

LHC Da'm 2511 -!'Is-? TE"I"l
s ATLAS 1 <118 GaV|

Tewakon {{2=1.98 TeV]
o D0 ZZ- Kilvv] {80 <120 GeW) L-3.8 i
& CDFZZ vv| jarrghal] L-5.0 B

0 2 4 6 T8 10 '12"'1'4

Vs [TeV]
Results shown in the Moriond 2013 conference
Conference Note : ATLAS-COM-CONF-2013-020

https://cds.cern.ch/record/1517443
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alGC limits

» Parametrize signal as a function of the 4 couplings:

Z Z
Nexpected(fz)f4) )5(’](5)

» aTGC sensitivity in hight Z'*29n9 Pt bins

} m) LI I LELILIEL LI O ) I rrr I LI L] LI I I ) I LI ) I LI B | LI} L) I L) E
© B = SM %
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e | is=
s r G c 80
Q102 —— 2
o E e = w
L 60
B ™ o e P
ok e
-'-+‘
1 T, +
1
10 0 50 100 150 200 250 300 350 %%ing 50 500
pr T [GeV]
07/10/13 Protopapadaki Sofia

=
_ ATLAS Internal —+— Data ]
- [Ldt=20.7 1o 2z }
[ 5 =8 TeV [ ] Background (d.d.) -

77 Total Uncertainty
L2l

pT Zleading

I'Il'llll[lrll

50
Leading Lepton-Pair Transverse Momentum [GeV]

100 150 200 250 300 350 400 450

12



Limits fitting each coupling separately

/TeV results :

g g SPected  [-0017,0017)£0.005 [-0015,0015]+0004 [-0017,0017]£0.005 [-0015,0015) +0.004
pr bins

observed [-0.020,0.020] [-0.017,0.017] [-0.020, 0.020] [-0.017,0.017]

8TeV results :

Expected limits Observed limits
f4 | [-0.008 ; 0.007 ] £ 0.002 [-0.005; 0.005]
f,if -0.006 ; 0.006 ] + 0.002 [-0.004; 0.004]
f¢ |[-0.007 ; 0.007 ] + 0.002 [-0.005; 0.005]
f¢ | [-0.006 ; 0.006 ] + 0.002 [-0.004; 0.004]

e 8TeV limits, as expected, tighter than 7TeV
@ Analysis optimization ongoing!
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Limits fitting simultaneously two couplings

R0.015 — observed Ni0.015

a3 5 4 - — observed
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fq4

— QObserved limits in 2 sigma band
— Same image for all 6 pairs of couplings
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Conclusion

@ During the first year worked on service task
— An internal note was written

@ Cross section measurement with 2012 data : 7.1£0.6 bp
— In agreement with theory: 7.2+0.4 pb
— Results presented at the moriond conference

@ First look at aTGC limits

— Limits using 2012 data significantly tighter
— A paper should be published by the beginning of Autumn

07/10/13 Protopapadaki Sofia
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Back up

— Determine cross-sections with a log-likelihood fit with Gaussian nuisance parameters:

nbms iNiobs Niexp 2

exp e X k

—InL= Z —In i + Z ?
/
N obs *

— Nexp aTGC parametrisation

{Nexpected: Yoo"‘fZYoﬁ'fiY02+ngo3+f§Y04

(fff)z 11‘|'f31/f4z 12+fzfy 13+fo§Y14
( )Y22+f4f5Y23+f4f5 24
+(< )) 33+f5f5

_|_
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Systematics

Hource W

geee | uuuu | seuu i

Reconstroction Uncertainties
& TIOIMmEn i SImearing

e energy scile

& identification ethciency

& isolation/7Z)d0Sig

& reconstniction

L eTeTEY SIMCAanng

yenerey scile

M reconstmction

o lation /A7) dSig

Tngger

O | ik | i | 2
042 | 02 | 12 | k12
S0 K | Zaed | 2T
175 - (L5l .76
A3 | (K 1.53 1.349
O | i | il LU s
LU DU B A T A e
i | Lbe | 058 | (Lhd
iy | 262 1.31 145
0 | 020 | uE il

Total Reconstruction Uncertainty { Cer)

641 | 283 | 344 | 327

Theoretieal Uneertaintios

MO Generator Difference { Crz)

£E

1.7 09 . 1.5

Seale (Cpp) il il LU (L3
POE { Col 2 | | ooz
PDOF & Scale Az .95
MUC Generator Ditference {App) (.78
Total (Azz) 13
Total { Crzd fibhd | 297 | ER.1.1 | EX
Lumingsity 28
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Service task

50 prrrr T T[T

-~ 5mm end, cap position

AB[Gauss]

No Corr
e After Zshi‘ft

o AfterZ  ,+9
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