ner-p

Towards Precision Measurements in the
Standard Model Sector in ATLAS

Interplay of detector learning phase and
measurements of SM processes as the luminosity is
cumulated.

Atlas TDR 1999: under major revision in preparation for 2008

'dp:pj Corinne Goy (CNRS/IN2P3)
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Standard Model Measurements @14TeV

e A fruitful adventure in :

— insuring the grounds of the
Standard Model :

* sin?(9yy), rad cor, EW cor
— PDFs

— detailed knowledge of key
ingredients :

« Z,W, b, Top
* Production mechanism
* Branching Ratio

— Controlled Predictions

- SM@ 14 TeV :
— New energy domain
— Precision Top physics
— SU(2) non-abelian nature : gauge couplings
— Ultimate(?) precision on M,,

5-11/01/2008 LHC New Physics Signature



A tool to understand :

« Detector response to muons, electrons, gamma, jets
* Improve/monitor the detector response

— calibration : Z— e*e-

— alignment: Z —-u"w
* Develop sophisticated method

— b-tagging, missing Et, tau-id, multivariable analysis (NN,
pdfs,boosted decision trees etc)

5-11/01/2008 LHC New Physics Signature




A tool to understand a new Energy Domain

o down tO Sma” X 8 10 Sf_ | Atlas and CMS
. Al Foo Atlas and CMS rapidity plateau
¢ up to hlgher Q2 (\é 10 7:_ E=1 DO Central+Fwd. Jets
° PDfS extrapolated ; == CDF/D0 Central Jets
10(‘:_ 1 H1
E [
10°F =Y
104§ [T
F =
10° L
2— .....
0%
10 E =
1 L _
_1E I
| 1 |-|‘ 1 ||i|||| [N | |||'|||| 1 1 |||i|| | |||||||| | L1 111+
w? w® w® wt w® 1w 1w 1
X .
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First & Ultimate Background for New Physics

1Tub

1 nb

Fermilabh SSC
CERN l LHCl

High-p,-QCD jets

8] EF10 i

tot
UA4/S

. ﬁj".—.‘[
E, >0.25 TeV __
oW —stv)— CDF (p p|
T
uA1/2
P P)
G(E{T””;:_l = 20 GGav)
o P CDF/D
e m, =174 Ge
My = 175 GeV .
LT e
m,,= 100 GeV "'---_____‘_
G T
m_.=1 Tey )
A Higas

m,, = 500 GeV ~——__

g eoacol, &

W, Z production

q
_>/vvvvv\ W,z
q

gluon-to-Higgs fusion (light)
g Q0000Q,

t
V> .......... HO
g Q0000

squarks, gluinos (m ~ 1 TeV)

g 20000

He

g 20000

Q

0.001 0.01 0.1
Vs TeV
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LHC : some numbers

Startup Conditions /Commissionning (2008 ....)

— beam crossing: 75ns or less
— luminosity from 103" to 1032
— pile-up negligeable

~ 2009 conditions

— evolving to nominal conditions

— crossing angle

— designed beam crossing: 25ns
— luminosity: ~1033

— pile-up

Onwards

— nominal conditions

—0(100 pb1)

0(10 fb-1)




A I I AS Muon Detectors Electromagnetic Calorimeters
/\ "|"'
y 1

| Forward Calorimeters
\ 14 b End Cap Toroid

i Inner Detector h caldi
el Torble Hadronic Calorimeters Shielding

® 2T Solenoid for inner tracker

® Tracker: silicon (pixel + strips)
and TRT (|n|<2.5)

® Sampling calorimetry
(Inl<4.9)

® Toroid system for muons
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. a(LO) €% Evts/pb- Statistical Uncertainty
Z and W production b P
. 1 10 100
« Expected large production : ~week ~year
— systematics are rapidly a Z—e'e | 165 ~20 | ~350 5% | 2% | 0.5%
potential limitation Z -y
W—ev 16.8 ~20 ~3500 2% 0.5% 0.2%
* Production Mode
— small x ml<2.5
— gluon PDF : the least known .
R 2 ) i
qlls _ o_zup . CTEV}.E ’
Xt i, |
— gluc?\m
12
]_ =
08 i
06 | :
04 F
— NNLO / DGLAP extrapolation 02 .
at small X 0 3 PP B o
10 10 10 10 10
X
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Some Plots

« Typical W Selection:

# Entries
< QA =

—_—
o
[a%]

—
o

e-ID

P/men > 25 GeV

n1<25

Py > 25 GeV

no jet with P>20 GeV
hadronic recoil <30 GeV

Typical Z Selection
opposite charge Muon Track
P# > 15 GeV, 25 GeV

— Isolation
— In“ |<2.5
Z — pt+pu-/10 pb1
B tt—ww
= [ 1 Wopv
f ‘LFI—I—"L‘N_"L. [ ] Zy*>t

100

120
M, [GeV]

Events/GeV
[ o
[ [
(=) (=]
] ]

[

o

]
T

8005
6005
4005
2005

L — Woey,

L L |
W—ev/ 50 pb-

ATLAS preliminary

in preparation

Wy TGEV)

Clean Signal :

New Physics Signature

efficiency — PDF
scalibration — Uniformity

sisolation — SUSY events



= T ATLAS preliminary u
. 2 - ® Monte Carlo truth in preparation
Tag&Probe efficiency £1.05) — Tag & Probe mettod
w i
« Efficiency from Data: 1
- Z—e'e, Z.—>M+H' o.95f‘“_?_ ey L :l:
— reduced reliance on MC -
— 2 sources of uncertainties 0.9¢
« statistical 085?
. background subtraction "~ Stand-alone reconstruction

20 30 40 50 60 70
P, [GeV]

e
ATLAS preliminaryO

« comparison with MC Truth

2> T T
. App||Cat|on: 51.04; L=258 pb-1 Loose N Preparation ]
. o L _
— trigger 51.02:— E
— reconstruction 1= _ _ -
g TR gt —— y
— selection - + Tk
0.98 . 4 ]
: : 0.96 ® Data .
« Dominant experimental error: - - - !
— ~1% @ 50 pb™! (stat) 094 E
_ i 0.921 .
overlap region - ATLAS Preliminary .
O.g_l 111 | L 111 | L1 1 | | L1 11 | L1 1 | ‘ L1 11 | L1 11 ‘ L1 1l | L1 11 ‘ |11 I_

Lo I ~ ” 1 2 1 [a iy~ a} lal~ 4 1 B - Lo 3 ~
Electron selection efficiency in |n| and Pt bins.
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« Sensitivity to PDf not degraded

after detector response

— up to 8% on diff cross-section

* Improvement if experimental
systematic error less than 4 %

— achievable

* Proof of principle :

— 100 pb! simulated W data
— gluons parameter uncertainty
reduced by 35% [ xg(x)= x*]

5-11/01/2008

LHC Ne

pseudo-data

P [T T T T T T T I S T
1 2 3

/ Y includjng Wdata | bt
‘II‘..\_‘-‘\ 0-.' 5 -__

+ '.‘ / :

€ cteaes Y o |

L % CcTEQS.1

% [ pseudo-data

i /
wT
Wt
N
N
%

Jo.06 [ -
S f s | o]
>>\ 0.04 [ 0-05 E
D05 B 0.04 E
1 CTEQ61 003 E CTEQO
; 0.02 a %’IERUST(?ZZ 0.02 E %nERSSngz
_8 0.01 ; | Reqon$ ‘ruc"red .01 ; ‘ R‘e‘c‘ons‘ r‘u‘c.‘red\

. F ? ! o — o 2
y
hep-ex/0509002 y
; ZEUSPDF || ZEUS-PDF AFTER
BEFORE L

including W data

MR R |
o 1 2

4
n
W F
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Example: Ecal Calibration/Uniformity

« About a 12-18 months to reach nominal performance

Luminosity (pb™)

Overall 0 100 200 300 400
uniformity ""'lll

0.025 : ................ ................... ................... —

0.02 :_ ................ ................... ................... —

0.015F

0.005 E_. ................ ................... ................... ...................

0 20 40 60 SO 100 120

Number of Z — ee events gnlformny necessary for
—YY
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Example: Isolation a powerful tool

(o(QCD) =2 mb) /->ete- | Etcone20/Pt for All electron candidates |
2 e —e e
§ 100:_ 1 b_lBaCkground 15;_ ......... lJ{ ....... € from Z | -ime ..........................................................
g 100 —fe R decays | R
Lﬁ a0l B8 QCDMCstat | 14:_ ......... ........................................................... -
B § 12rdon AU WU SO RTRREG—————
60:— —: u_1E_ ......... ........................................................................................ ..........................................................
- : S R — e .
o ] 08 i fake electrons in QCD |
Example: Et>15GeV + - ] sample events |
n <2.5 + isolation i e oo e G gy
0 20 40 60 80 100 120 140 160 180 200 e
Invariant Mass Mee (GeV) ' Isolation = Econe (blue) /Ecluster(red)
(normalised)
?Ut gerstigﬁ?cnﬂlggg control of At the end a tool to clean new
«  Physics dependance : Bremstrahlung (other) physics signature:
«  Eta/Phi dependance « Ztjets
«  Underlying Events modelling » SUSY events

* Machine Noise / Pile-up
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pp -> W/Z + Jets / y + Jets

« QCD Studies

* An application of Isolation criteria (trigger/offline) & sophiscated method

100 pb-"

Bz —ee
Oaco

pee + jet

ATLAS preliminary

in preparation

0 110 120 130 140 150
M(e.e) (GeV)

*Relevant background for many new

7 ee
Caco
[ Top
E7 -t
Ew— ev

50 60 70 80 90 100 110 120 130 140 150
M(e.e) (GeV)

Z->ee + Jjets

50 60 70 80 90 100 110 120 130 140 150

particles searches, top physics studies

First step in reducing jet energy scale

uncertainties :

- recoil to Z/y mass

5-11/01/2008

LHC New Physics Signature

M(e.e) (GeV)

Wz ee

+ Multivariable | icev)

analysis
ConedTowerJets
1_ﬁ_|| T T 17T T LI
15} yHjets -
v 3
1.4 En
- ' y neasured 3
- " ' " —
1_3_ h 4 ¥
12f
11F ——
- calib 1
-'I:_... ...... . ....... - | | | | . g i
0.9 JES : 2-3% ]
| T N A T S I S
®7400 200 300 400 500 600 700 800 900
E. [GeV]
14

140 150



A needless motivation for TOP Physics @LHC

Top in the Standard Model:
The heaviest known particle
The least known — limited by statistics of Tevatron

A top fa

4 jets p;> 40 GeV

Isolated lepton
p> 20 GeV = trigger¥y

LY

ctory: 10° events per fb-"

~ early data, no b tagging

2 180F "

g 160% o 1

%Tg_m;_; A 100 pb

% - f
100E- A f (e +jet)
80 F S | W 1 (v + jets)
60 - Al = {f (Dilepton)

N Il W + Jets

0 TR
20F o,
O ""%0 U100 150 200 250 300 350 400

p,™ss > 20 GeV

M(3jets) GeV
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TOP Physics (cont’)

. 1.1 hep-ex/0403021
L o< H no calibration
/ M_W —> Dﬁm B L calibrated:
~ +++ A event-by-event basis
El TR O parametrized calibration
0] 05 [ b
/Top v .
L fpeiglete ¥t e
e A
: N 1% range
(Final) Jet Energy Scale: 658 |
- W mass constraint i
.B tagglng: 09 [ | I | I I | I I
- Event fully reconstructed 100 200 300 400
Elfaw (G‘eV)
2500 - rr:ll::c:p

- b-jet prob\ibility 40 Tt et o

L Q20w ; i
ZDUU: -\'I"T‘ gooﬂwww Undarflow 0

1 Ze0g.. .
1500 360; ::n 8.4190-12

B . . 140 Me::[value 171ati ::

: Precision Top Physics: 20 4 g e
1000] emass +/- 1 GeV 1007 " s
o (ultimately) seems feasible. oo STy

j b jet scale. 40;

i 20 g 1 I'kuh..m

0 i i = P G A A il

LHC New Physics Signature  q;55-405"150 200 250 300 350 400

m(jib) (GeV)



T (and more) GC

Effective couplings

independent of
underlying theory

See Detailed Talk by Alan Wilson

W

-,

ZO VV+

_.ZO

Vertex Coupling Present Value Atlas
(LEP & Sensitivity
= Signal + Background Expectation Tevatron) (95% CL, 30
C memeemm- Ak = 0.200 Expectation fb-1 one
i N . T U B k= 0010 Expectation experiment)
"E . :?““E’ZZ“:TEL’::E“:“’" wwz AgZ | 0.016£0.022/ | -0.003-0016 | Syst limited
- = = 0.019 ~ 30-100fb-
w L Az -0.088 * -0.008 -0.005 1
= 0.063/0.061
- Ax, -0.076 + -0.069 - 0.131
. pon 0.061/0.64
= - n .,_I |!i.! .
- T :H{ o Wy A, 0.028 + Stat limited
C N 4 dl rdiii]
0 000 *3 00 0.020/0.021 300 fb-1
mass{WV),.. [GeV] AKY -0.027 +
Fake gamma rate 0.044/0.045
Tails’ d it LEPEWWG/TGC/2005-01 ATLAS preliminary
alls eSCFIp on in preparation
0 .
L Neutral TGC : 0 in SM
lllllll»lllll
L . agn m
'.,* 70 With 100 fb-!: sensitivity to 10-3to 104
5-11/01/2008 K New

Tevatron ~ 10-1 to 10-3 / Weak LEP limit




Determination of sin26,,(M.?2)

« Z decay asymmetric : 1 do

3 .. 4
ppr D—; é\ [ + %4}—3({)59%—(0& H}

o-
« Az =b{a-sin?0,(M,?)} GE
a, b calculated to NLO QED and QCD q : q

—., 6| B |y1|<25 ly,| <4.9
. Selection : .0 & Yol <
— at least 1 electron in central region = I
> charge 4l
— P;>20 GeV
— Mass window M,+6 GeV I
— Missing Et cut < 20 GeV oL
——
—A—H
IS
O\\\\\\\\\\\\\\\\\\\\
0] 1 2 3 4
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sin?(39,y) (cont’)

—e'e 0 AAf
{l;;(l;; S ?)e A 108 f:?t World average error: 1.6x104
ly(/12) <25 3.0x 10 4.0 x 104
ATLAS preliminary
(I <25+ | 23x10% | 1.4x10* | somsprrrrrrrrrrrrrrrrrrrrrr—r] in preparation B
|y( l2 )| <4.9 n.ozssf— ]

« Systematic due to PDF
— under more complete study vozsst _
— effect of Higher Order T L e o o S

Electron in Forward region :

setmiss

*new phys signature o electrons

5-11/01/2008

- H et s H 44

0.024]

PDF set

syst = maxValue-minValue= 7.6e-4 (worst case)

2.5<|n|<3.2

o [F] o4 [T [T] 1
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THE precision measurement. MW

5 T, Sensitivity from the
my, = 5 . /| Edge :
\/EGF S111 GW (1 - AF’) 'Emmm J *Energy Scale
l i 14000 *Resolution
*QED rad
12000
W@V\A .
W w BOnn
W W
s000 | Background:
4000 *Pileup
- Current error : 2000 svaderlying
— CDF Run Il : 48 MeV e T
— WA : 25 MeV . £ Acceptance :
' s b -PDFs
- Aim:M,, <15 MeV 3
- Observables sensitive to M, -
— Lepton Transverse Momentum 3 Inl]|<2.5
— Transverse Mass ; 1 _4 1 1 1 _lj 1 1 1 é] 1 1 1 |2 1 1 1 _1- 1
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Exemple :

Energy Scale

« Systematics controls from the
(huge) Z sample:
— precise Mass (LEP) : 2. 10°
— similar production mechanism

=TT 0w
et 1.0005

T nssss ! A Energy Scale

— similar phase space
400
200
mE oz T
A resoluti'orz'if'-"g_1 e
01;-'1-35 - 3
= ' 01p359
Channel W —lv Z—=ll
Cross-section (pb) 19800 1870 1400
Lepton 1] acceptance 0.63 0.51 1200 Z?STP'ate
Trigger & Selection eff. ~ 0.2 ~ 0.2 1000 :

Expected statistics (10 fb~!) 4 x 107 | 3.5 % 10° | 400

LEP : ~4.106 Z/ exp

« Additional data sets: E/p

600

400

200

¢ FULLSIM data
-—-— ATLFAST best fit
— ATLFAST 1. 0.12

. L. | current estimate on 5M,,
from the energy scale a Mee
factor 3 smaller than 15 MeV
in TDR99
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Conclusions

: The Ground to New Physics

O(10pb-1) | W/Z Calibration /Alignment 2008
Lepton ID
Missing Et
|solation
O(100pb-1) | W/Z + jets PDfs
Top physics B tagging , missing Et
“Multi Variables” analysis
O(1fb-1) Precision Top In Situ Final Jets Calibration 2009
Physics Full detector understanding
TGC
Solid Grounds for New Physics Should be Established
O(100fb-1) | sin?(9)
and more My
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Unless !

Di lepton (electron) spectrum

Mass (TeV) | Nevt (1fb-1) | 10 evts

1 ~160 ~70 pb-1
1.5 ~30 ~300 pb-1
2 ~7 1.5 fb-1

5-11/01/2008

Events/10 GeV/1 b
_ _ = - = =
o = T “1—|1111—|—'.—"7T..—|—rr3|311—'-|11-n""‘ 1

=

=

&
o=
=

Z—e*e with SM-like couplings

7
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|
1000
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1500
mill) (CGa')

2000
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Anyway a lot to learn from SM at the end

80.40

1 I I I | I I I I | ] | 1 | | | I 1 I I I I | |

80.70 _ experimental errors 68% CL: _

B LEP2/Tevatron (today) i

i Tevatron/LHC ]

80.60 — . —

| — |LCGigal e

_ - [l;ghi SUSY ]

> 8050 MSSM| —
FE. 2 : e
:éa I .

80.30

Hainameyer, Hollik, Stockinger, Weber, Weiglein 07 7

] | | 1 | | 1 1 | | | 1 1

MSSM

both models EE211 |

| 1 1 | 1 1 I
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165 170 175
m, [GeV]

180
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