The Galileo Galilei lnstltut  for Theoretical Physics

| Arcetri, Florence | iy
_ wrv o g
- R } gl

* mmmﬂ
L \445.“ g (:y:

Preparing for the Standard Model nggs
Searches at the LHC with ATLAS

Aleandro Nisati
INFN — Roma
On behalf of the ATLAS Collaboration
“The Search for New States and Forces of Nature”
Galileo Galilei Institute
26 - 30 October 2009

A. Nisati, Preparing for the SM Higgs ... 1



Introduction

The Large Hadron Collider — see talk from R.
Tenchini;
The SM Higgs production at the LHC — for

Supersymmetric Higgs see talk from M.
Carena;

The search for the light Standard Model Higgs
boson with the ATLAS detector

— Some information on detector readiness
Conclusions




The Large Hadron Collider
parameter __Jvalie

(design) CM energy 14 TeV

Luminosity 1034 cm2 st
Bunch crossing 24.95 ns
spacing

Protons per bunch  1.15 x 10!

Beam radius 16.7 pm
Main Dipoles 1232
Dipole field 8.33T

Smaller magnets 7000
Stored energy 360 MJ/beam

A. Nisati, Preparing for the SM Higgs ...



The Large Hadron Collider

e LHCin 2009 / 2010; this could be a realistic
scenario:
— Energy: 7 to 10 TeV;

— Instantaneous luminosity: from L = 5x103' cm2 s
to L =fewx 1032 cm2sL;

— Bunch spacing: from 450 ns to 75, or 50 ns;
— Integrated luminosity: about 200/pb;



Search for the SM light Higgs boson

with ATLAS
All results published here refer to:
— Vs=14 TeV
— L=10%3cm?s?
— At=25ns

— -2 Average number of pp collisions x bunch: about 2.3

I’'ll cover the main SM Higgs search channels showing the
first and main steps to achieve the detector and data
understanding to prepare the search analyses;

Event pile-up taken into account in some cases;

Detailed documentation in:

— ATLAS: CERN-OPEN-2008-020, http://arxiv.org/abs/0901.0512

— CMS: CERN/LHCC 2006-021; J. Phys. G: Nucl. Part. Phys. 34
(2007) 995-1579.
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Current information on SM Higgs

LEP direct searches for a SM Higgs boson:
— my>114.4 GeV @ 95% C.L.
Indirect searches constraints and global EWK fits seem to prefer a light
Higgs boson:
— my>157 GeV @ 95% C.L.
— http://lepewwg.web.cern.ch/LEPEWWG
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CDF and D@ at Tevatron are pursuing a
direct search for a SM Higgs over a wide
mass range:

100 < M, < 200 GeV.



Current information on SM Higgs

----- Expected
10 w—QObserved
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For M,, = 115 GeV/c?

+» expected limit = 2.4 X ogy
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100 110 120 130 140 150 160 170 180 190 200
m,(GeV/c?)

the mass range
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Gluon Fusion H-> WW, ZZ, yy

100 —

[ 99— H

10 |

qu — Hqq

Associated
Production
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Lqq — WH .,
[ qq — ZH o )

| pp — ttH

o(pp — H + X) [pb]
V5 = 14 TeV
MRST/NLO
m: = 178 GeV

1000
My [GeV]
A.Djouadi, Phys. Rept.457:1-216.

m, = 120 GeV
g8: ~ 38 pb;
VBF: ~ 4 pb;
ttH: ~ 0.7 pb;
W,ZH: ~1.6-0.9 pb;



m,, = 120 GeV
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In the mass region below 150 GeV, we have many decay final states that
can be used to search for the Higgs boson:
o VBF H2tt

o GGF H->yy (+ VBF and Associated Prod.)
o GGF and VBF H>WW*
o GGF H>ZZ* (VBF useful at high mass)

o inclusive H=>bbbar and H>ttbar are favorite by the very high
branching fractions, but impossible to separate them from the huge
QCD background;
o However H>bbbar in Associated Mode appears possible:
O ttH: it is extremely challenging, a very good control of ttbb, and ttjj
production processes is required;
o VH (V=W,Z) with H heavily boosted: See: Phys. Rev. Lett. 100, 242001
(2008) J. Butterworth, A. Davison, G. Salam, M. Rubin;
o VH +y (V=W,Z) appears very promising! See next talk: E.Gabrielli, F.
Maltoni, B. Mele, M. Moretti, F. Piccinini, R. Pittau, Nucl. Phys. B 781 (2007),
64; hep-ph/0702119; A. Nisati, Preparing for the SM Higgs ... 10



Higgs to 2y decay _

ﬁu.,' TOT
0 =0.08 pb e
y 10"F
no“}
Irreducible background: pp2>vyy + X Y d | -
W_g
| ~AVA~ RAAAYAYAVS 9 T VVVVVAAY quar’ ag o=21 pb "'ET
q —NN~Y QMWLY 9.00000Q Y gg o= 8 pb ::::
Born Bremsstrahlung Box diagram | :
O(a?) O(a.0?) O(a%.0?) wrl .v..'.’.'f .........
10{
Theoretical uncertainty: ~ 25 % (NLO: 20%) v-iet o=1.8x10°pb .ir'hw
- _ g =
Reducible background: pp=>yj , jj+ X jetjet 6=4.8 x 10° pb o
a 9000009 MY 8 e * y-jet need rejection R~O(10%) i
a LAAMA-T 8 90000 4 9.900009 y jet-jet need rejection R~O(10 7) R ~ O(8000)
O(arc) O(ctcr) 0(03,a) Main background is from leading n%'s

Theoretical uncertainty: ~ 30% {deminateddy NLOcrgss-section) 11



A very accurate mass reconstruction is mandatory to detect a
narrow peak on top of a smooth background

Mass reconstruction / &
2
m? = 2P,P,(1-cos¥) = P,P,0? a el
dm/m = (1/vV2)(3P/P)S ® 89/9

1. Very good y energy measurement /
2. Very good vy direction measurement: ¢
* interaction vertex identification (vertex position accuracy is
very good);
* very good photon impact point (with calorimeter) position
measurement;

3. Strong jet rejection (as.shown.in previous slide) 12



Cut-away of the ATLAS Calorimeter

end-cap EMIQ —* ~Jfil ] 4 Present status:

I~ 99.98 good Presampler channels

99.1 good channels in Lar Calorimeter
(additional 0.7% recovered recently)

o
. . . lead Moliere radius: 1.24 cm > requigmiéﬁ.’"m o el in Loy 1
Slice view of the ATLAS calorimeter system. granularity of about 0.01 .

Granularity (An x A¢) Allows to account for the material behind the

Presampler 0.025x0.01 4/ calorimeter;
Allows to recognize and reject low-energy n° decays;

Front 0.003x0.1 <— Allows to account of the dead material between the
. resampler and the front layer;
Middle 0.025 x 0.025 Y

Back 0.05x0.025 S—
Measure the em shower at tail

0o
o(E) _ 10% D0.7%
AT Nisati, Prepax/rEor the SM Higgs ... 13

Measure the em shower at its maximum

Energy resolution:
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The material in the ATLAS inner

Probability of a photon to
detector as a function of 1.

convert as a function of radius at
different values of n (ATLAS).

main consequence:

Interaction of photons with matter

» impact on the photon identification

» impact on the energy reconstruction: > energy scale; energy resolution

» photon conversion -» photon identification 14



* The calibration of electron/photon clusters is
done using also the Monte Carlo simulation
(as demonstrated in Testbeam studies)

* Electrons energy will be finally calibrated using
standard candles such as Z° and J/W

 We don’t have standard candles for photons:

therefore we need to have a careful control of
all material behind the calorimeter.

A. Nisati, Preparing for the SM Higgs ... 15



1.

Contributions to energy
resolution for a 60 GeV photon:
 stochastic term, 1.29 %;

e constant term, 0.7 %

Geometry: (e.g. deviation
from Accordion modulation):
~ 0.3%;

Construction phase: thickness
of all 1536 absorber plates
(1.5m long, 0.5m wide) within
~10um -2 response
uniformity <~ 0.3%;
Pulse-Test: calibration

accuracy of each module ~
0.4%;

Overall “local” constant
term: 0.5-0.6%.

. -0.6 -0.4 -0.2 -0
A. Nisati, Preparing for the SM Higgs ...

Test-beam: 4 (out of 32)
barrel modules and 3 (out
of 16) endcap modules;

Uniformity over units of size

An x Ap = 0.2x0.4: ~ 0.5%;

2.2 mm

UL UL U Ut

L ATETE TR s
216 218 22 222 224 226

Absorber thickness (mm), sliding avg.

In-situ uniformity measurement

| Response Non-Uniformity |

Respons

1.15 v Data (LArMulD)

Ty In-situ calorimeter

11—

a Data (3x3)

x  s2 Cell Depth

uniformity was

1.05—
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C |
0.95— ‘2"— 1 ﬁ

—y—Xx {
1 jf( a
X XXX X

0ol Il

|

[ | ol b by by b b by
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0.85

-0.8 0.2 0.4 0.6

0.8

n

measured with
cosmics in 2006/2007
for 9 modules (Inner
Detector not available
then).

Agreement between
MC and data better
than 2%;
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One more step: control and calibrate for “long-range” effects (Liquid Ar

impurities and temperature, mechanical deformations, high voltage, ...)
intercalibration of the 384 regions and calibration of the energy scale =
analyse Z—>e+e- decays.

Integrated luminosity (pb™)
0 50 100 150 200 250 300 350 400 450

“Long-range” mis-calibrations limited
to 0.4% with 100/pb of data

lllllllllllllllllllllllllll

R PP EPEPEPI BRI EPEEE SRR SRR PETEP SEPETE B x1O3
20 40 60 80 100 120 140 160 180 200
Number of-Zorneeevents Higgs ... 17




Photon direction measurement  * For converted photons \Photon

Phot
we can use the i — -
. . . . : Middl
> An accurate flight direction measurement of conversion hit to measure —}y Q;P:
unconverted photons does require the use of: the flight direction, and \"\ /
» the main interaction point; an accuracy of about 1 7T
» the impact point of the photon withthe  mm can be obtained:
calorimeter g T T T 0.4 A A aaa
> in this way we obtain a RMS of 0.1 mm, S;i2 | —Noiewp E —Nopiewp
. . g ATLAS — 1033(:;311'25" §0.1 2 ATLAS — 10¥ems .
to be compared with 17 mm obtained £ o et 1S L T 2otomst ]
using the photon direction mesurement S ooa S ]
from the calorimeter; Impact to the mass 0.065 ] . 065_ ]
resolution: 1.4 GeV. 0,041 ] 0045_ ]
> Interaction vertex identification; two 0.02- ] 0025_ ]
methods: -?(:36-’50 60 -'z'*b”t')"é'o“ 6080 100 | ozw'uA """ it
> extrapolate the flight direction Zres 2y (M e e
measured by the 1*tand an Iayer of the Difference between the reconstructed primary vertex position and the true
calorimeter down to the beam line and position obtained from calorimetric pointing and conversion track
id ifv th | Iv): information (when available) without/with the reconstructed primary vertex
identi y the closest vertex (ATLAS on Y)' (left/right plot), for events without pile-up (black plots) and with pile-up
use the tracks of the recoil system to evaluated for 1033 and 2 - 1033 cm-2s-1 (red, green plots). The narrow peak
> h ks of th il sy * *

identify the correct vertex (ATLAS and )
CMS) y ( A. Nisati, Preparing 'f%crqtrr‘wsé‘rgﬂ%igg“s“{ﬁrs'on vertex.

on top of the broader one is due to events in which at least one photon has a

18



b4 = L B B B LA B B IR BN
Photon Identification: “i_ATLAs 3
* Hadron leakage (small E;"2¢/E ™M) N 0;: T -
* EM Shower shape measured in the 1 0O matepen Ut 1y ! E
and the 2" LAr compartment o7t =" E
* Track Isolation (small track activity st * E
around the EM cluster) Zj

"20 40 60 80 100 120 140 160 180 200

E; (GeV)

» efficiency close to 90% (for high-ET Top: Efficiency of the calorimeter cuts as a fucntion of

. . the transverse energy (bottom) of photons with E; > 25
photons) can be aChleVEd’ GeV from H->yy, in the presence of event pile-up at

* a rejection of the order of 4000 is L=10% em2st; e
expected; Lo L
* rejection is stronger for g-iniated ?104 e ;_ E
[s) = e} ‘* I —A— Had+S2+S1 objects, n° E
jet (example: y-jet production) 2 =t
2

2

Right: ET distribution of fake-photons candidates in
jets after different level of cuts. The contribution from . -
”single-ato" is also shown. A. Nisati, Preparing for the SM Higé%.:.' '3'0' — '4'0‘ — ‘5'0‘ = '610' — '7'0' — '810' — '9'0' : ﬁ)o

10F




* Trigger: at least 2 photons with
Pr,1> 17 GeV —not a big problem
* Fiducial cut: 0<|n|<1.37 & 1.52<

| m |<2.37
* Isolation cut: pT< 4 GeV/c,
considering all tracks with p;

>1GeV/cin a R=0.3 cone around the

electromagnetic cluster.

* Momentum cut: p;,, > 25 GeV;

Py > 40 GeV

R400F
£200

22000
;51 800
<1600
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1200
1000
800
600
400
200

| L L

|
b
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b
()]

III]IIIII]ll]llllllll]lllllllllll]]llllll

58

"l'l'l'l[‘llllilIlllIlllfII'Ill'_
Mean=(119.72+0.01) GeV-

0=(1.42+0.01) GeV
At least 1 converted y

IlIIIlIIlIllIIIIIlllllllllllllllllllll

135 140
M,, [GeV]

110 115 120 125 130

Selection efficiency (inclusive analysis):
* £ =36 % (without pileup)
* £ =32 % (with pileup)

(converted photon calibration not optimal in this plot: there is room for improvements )

A. Nisati, Preparing for the SM Higgs ... 20



do/dM,, [fo/GeV]

m,, = 120 GeV;

2

|I|||I||IIII||II|

Irreducible bkg

Reducible bkg

o rer———

e ettt 1L1I4
110 115 120 125 130 135 140 145 150

M,, [GeV]

Top-Left: Diphoton invariant mass spectrum after
the application of cuts of the inclusive analysis.
S$=9.7ev. Top-Right: Diphoton invariant mass obtained

LA LN UL LA IR B L L BN ;‘
300E ATLAS = ®
o
Wsors 5 L=10/b -
250—— - . = / =
Irreducible bkg ; s
200 Reducblebkg O = 254 ew. =
1 B=9470 ev.
1S/B~2.7%
S/VB~ 2.6
e QJUJ: S = 40 ev‘
135 140 145 150
M,, [GeV] B =490 ev.
S/B~8.2%
;‘ :""I""l""l""l """""" [T
3 o8- ATLAS - S/VvB~ 1.8
% 0.7;— Irreducible bkg _;
g E [ ] Reducible bkg
3 B2 E

f

|

T S e S

e
135 140 145 150
M,, [GeV]

et i

115 120 125

s

. S
130

B =19.5 ev. withthe Higgs boson plus one jet analysis
S/B~50% Bottom-Left: Diphoton invariant mass spectrum
S/\/B ~99 obtained with the Higgs boson plus two jet

analysis

A. Nisati, Preparing for the SM Higgs ...
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8 I b I T I ! T T
% —— Combined, fit based with M, fixed
o --4-- Combined, fit based with M, floated
= ATLAS —— Inclusive, fit based with M, fixed
g’ ] -~~~ Inclusive, fit based with M,, floated
a L=1 0 fb ~—&— Inclusive, number counting

P ——  combined, number counting
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1

'

| | |
130 135 140
Higgs boson mass [GeV]

I 1
120 125

Expected signal significance for a Higgs boson using the H->yy decay for 10 fb!
of integrated luminosity as a function of the mass.

A. Nisati, Preparing for the SM Higgs ...
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* The so-called “ ” channel;

— Very important in the mass range m, > 130 GeV; with
the exception of a small region around 2M,,;;

e ...butit could easily become a “brass-plated”
channel, mainly with the initial data...!

* The issues:

— single lepton offline (and trigger) reconstruction
efficiency g,: if g, single lepton reconstruction
efficiency, the Higgs reconstruction efficiency g, goes
as g, = g,

— The single lepton energy resolution immediately
follows.

A. Nisati, Preparing for the SM Higgs ... 23



Thin-gap chambers (T&GC)
i I Cathode strip chambers (CSC)

End-cap foroid
Monitored drift tubes (MDT)
U1 cnamoers 2m

\
\

"I". \ | | Barrel toroid coil
1

1] [ 4 | |
0 \1 O o _r®
[ |

A I

End-cap
toroid
. . 2
Radiation shield Cathode strip I
chambers -

i 1
20 18 16 14 12 10 8

Display of a high-p; H->ZZ->eepp decay (m, = 130 GeV),

after full simulation and reconstruction in the ATLAS

detector. The four Ier!tc.)ns and the recmlmg\mseéchyv ?Qp%ﬁﬁg for the
135 GeV are clearly visible.

Top: artist’s view of the Muon Spectrometer;
%t;ﬁg@i: Scheme of the Muon Spectrometer laygut



The challenges of the ATLAS Muon System:
1. Very high muon detection efficiency
2. Very high momentum reconstruction accuracy:
* Single hit position accuracy: 30 um
* Chamber (relative) alignment 30 um
3. Very robust and fast Muon Trigger: time
resolution better than 25 ns

* Four tecnologies in ATLAS
* MDTs and CSCs

. Nisati, Preparing for the.g\lllag|sgg‘-:‘sr!.(.j TGCs
* In this page some MDT and TGC pictures

25
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* Where the problems will/could be?

— The muon trigger and tracking chambers hw
conditions:

* High-Volt., Low-Volt., gas, Read/Out
* Dead/hot channels
* Muon chamber alignment

— The Inner Detector hw conditions
* High-Volt., Low-Volt., gas, Read/Out
* Dead/hot channels
* |ID planes relative alignment

— Muon System — ID relative alignment

A. Nisati, Preparing for the SM Higgs ... 27



 Muon chambers operation in ATLAS

— Tracking chambers

 MDTs, 1088 chambers, with 339k channels; >99% operational;
dead/noisy channels: 0.1/0.2%;

* (CSCs, 32 chambers, 31k channels; 99% operational;

— Trigger chambers (RPCs, TGCs):
* RPCs, 544 chambers, 359k channels; 9.5% (->98.5%) operational;
* TGCs, 3588 chambers, 318k channels, almost 100% operational;

* Alignment (mainly with Optical System)
— Endcap: 50 + 100 um;
— Barrel: 100 + 200 um (up to 1 mm in Small Sectors);

A. Nisati, Preparing for the SM Higgs ... 28



Trigger
5 _F § 1

w

ATLAS
® Threshoid 4 = 11 GeV
B Threshold 5 = 20 GeV

0.15 A Threshold § = 40 GeV
% | 1 L L 1 Ll L 1 L L L 1 L L 1 1Ll

10 20 30 40 S0 B0
pr (GeV) P, (GeV)

Ultimate Level-1 single muon trigger efficiency as a function of the p;
trigger threshold, the muon true p, for the barrel (left) and the endcap
(right) systems.
The acceptance plateau height is OK (we trigger at most on two high-p;
leptons); but we must carefully monitor it stays (very!) close at the

ultimate level

Lottt mt

A. Nisati, Preparing for the SM Higgs ... 29
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e ARG T C W Dol = = & | A [a |
B % o Q ! ,& , x‘:*:‘ ‘é
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0.95 Ww0.95 T :
[ ¢ Aligned layout ] |
[ 4 Misalighed layqut |2 | e = SH e ATLAS
0.9F - 0.9
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[ - i .
0.8 Ll : 0.8f
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n o

Impact of misalighed muon chambers to the reconstruction efficiency of 50
GeV p; isolated muons, as a function of 1 (left) and ¢ (right).

The chambers were randomly shifted from the nominal positions with Gaussian distribution centred
at 0 and a standard deviation of 1 mm and rotated randomly with Gaussian distribution centred at 0
and a standard deviation of 1 mrad. Deformations of the chambers which are monitored by an optical

system mounted on the chambers %{%%ﬁﬁ@%ﬂﬁrgéﬁmﬁggéﬁ_ studies.
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Arbitrary units

c 0.2_I T T T T T L T T T i
Stand-alone reconstruction -% 0.165 Stand-alorje reconftructior ‘§ Stand-alone reconstruction
) 5 F » Aligned layout
= Aligned layout 20.16k _ § .g . y
A Misaligned layout IO 14:‘*’ Z . & A 5 A Misaligned layout
TE ] <
0.12F H
0.1F—1Aligned layout ATLAS |1
0085 4| Misaligined laygut
0.08F—— :
0.04F— - - -
. . 0.02F — -
04 03 02 -01 -0 0.1 02 0.3 04 . 2 €0 66 70 75 & 86 B0 5 KU MBII0
”pT.rec'“/p‘r,mry“/pT,mr) n My, ( )

Left, Center: Impact of misalignhed muon chambers to the reconstructed muon
transverse momentum of 50 GeV p; isolated muons. In the reconstruction
geometry, the chambers were randomly shifted from the nominal positions with
Gaussian distribution centered at 0 and a standard deviation of 1 mm, and rotated
randomly with Gaussian distribution centered at 0 and a standard deviation of 1
mrad. Deformations of the chambers which are monitored by an optical system
mounted on the chambers were not considered in these studies.

Right: reconstruction of the Z%.in the aligned/misaligned cases. 31
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40 50 60 70 80 90 100 110
m,,. [GeV]

Top-Left: measuring the trigger & reconstruction
efficiency from data: the Tag & Probe method.

0.85} + = ] Top-Right: the muu invariant mass distribution
- e (before selection cuts).

0.8p 1 areas | Bottom-Left: Reconstruction efficiencies
- Stand-alorje reco Ftructlorr I “ o .
T measured” with the Tag&Probe compared with

muisati, pkheiftrue” efficiencies (MC). 32



Muon reconstruction efficiency

Muons with p;> 10 GeV, ,<2.5, associated with W decays in ttbar events:

* Muon System Standalone:
* Inner Detector Standalone:

* Combined Muon Rec.:

T

Efficiency

o
©

0.7F
0.6F

0.5F

o
o

- . >0
e ->® Tt ote OO
E ooogmwooowgoo

T T T

| I

LA

° Combined Muons

* All Muons

| I

|

LI

|

S0 0ee® 0s® O 00 “0.0’3:,3303;
00'0000000000003000000 AL

0.45—

10

Muon reconstruction efficiency as a function of p; (left) and n

20

30

40

8.2

11.2

No “BEE” chambers in
simulation;

Now are installed !

=>» Superior
reconstruction efficiency

no pileup pileup
eff. fakesx1000 eff. fakesx1000
0.951 4.4 0.996
0.996 0.995
0.943 9.6 0.941
.§ 1; T ™ g *+_L_;
4 & 0.9 ~+
E 0.8;— —
7 0.72— —
= 0_55— ©  Combined Muons —f
B = * Al Muons
ATLAS 31 os¢ ATLAS
N T T B T

h]l(right). Empty

(filled) markers show the efficiency of the combined (combined+extrapolated
from the ID) algorithm. Reconstructed muons of a Higgs boson sample of 130

GeV mass decaying into four muons are used.

A. Nisati, Preparing for the SM Higgs ...
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e ...and for electron final states?
— See the discussion made for the photon

calibration
Electron Identification:
“Loose”

* Hadron leakage (small E;"29/E.*™);

* EM Shower shape measured in the 2" LAr compartment;
e “Medium”

* Loose cuts and:

* EM Shower shape measured in the 1 LAr compartment;

* Loose associated track quality
*“Tight”

* Medium cuts and:

* Isolation (ratio of ET in a cone DR<0.2);

* Tight associated track quality, tight cluster-track position, ratio E/p;
A. Nisati, Preparing for the SM Higgs ... 34



Efficiency
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Electron reconstruction efficiency as a function of E; (left) and n (right).
Reconstructed electrons of a Higgs boson sample of 130 GeV mass decaying

into four electrons are used.

The electron reconstruction efficiency will have to be monitored with care.
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The electron quality needs to be “good” to make sure fake electrons produced

by jets are rejected below an acceptable level.
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* Main backgrounds: diboson production (ZZ,WZ,...), ttbar,
Zbbbar, but also Z+jets has to be monitored very carefully...

* This channel is powerful also because it allows an “easy”
background measurement from data (side bands, invariant
mass fits, ...)

— However it could suffer from low event statistics, in particular
with early data analyses.

e Analysis:

— Two same flavor opposite charge leptons with p; > 20 GeV,

other two same flavor opposite charge leptons p; > 7 GeV; all in
IMn|<2.5;

* Electrons must be “medium” quality;
* Muons are “combined”, i.e. reconstructed in both ID and MS;

— Reconstruction of (at least) a Z;
— Mass window around the Higgs peak;
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 The kinematic selection will not be S ve0 E
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Alignment of the ID will be crucial to not only measure
with high precision the track transverse momentum and
the Primary Vertex, but also to evaluate the track
association to that vertex.

Furthermore, the calo isolation is also crucial to reject
leptons associated to jets.
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3 = Plot: Cosmic tracks crossing the entire ID leave
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E B 1 ID. These tracks can be split near the interaction
3 e AT —n o] . . ..

3 e »— pointand fit separately, resulting in two

e *-=  collision-like tracks that can then be compared.
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The plots shows the difference in the z0 track

10? .
P.[GeVl  parameter between the two split tracks.
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Left: Selection efficiency as a
function of the Higgs boson mass,
for each of the three decay
channels, for the case of only one
on-shell Z.

Right: Reconstructed 4-lepton
mass for signal and background
processes, in the case of a 150
GeV Higgs boson, normalized to a
luminosity of 30 fb1.

Left: A pseudo-experiment
corresponding to 30 fb! of data
for a Higgs boson mass of 130
GeV. The functions fitting the
signal and the background are
shown.

Right: Significance obtained from
the profile likelihood ratio, as a
function of the Higgs boson mass.
The result is compared with the
one not including systematic
errors on signal and the
significance has been calculated
using Poisson statistics. 40



The experimental signature is 2 leptons (electrons or muons) +
transverse missing energy (E;™) (+ jets if VBF processes are

explored).

Particularly interesting for 2M,,<M,<2M, (but its sensitivity extends
also to lower masses) where all other decay modes are suppressed.

No mass peak =» use transverse mass; counting experiment.
High background, needs to be well understood: WW, Wt, ttbar,
Z->2I|, ..., and measured from data.

Reconstruction:

— Two processes: 0 jets (gg-fusion) or 2-forward jets (VBF).

— Trigger : single or double lepton selection
* ATLAS: 1u20i or 1e25i;

— Offline: select events with exactly two isolated (tracking and
calorimeter) opposite sign primary leptons and E;™"*.
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The ATLAS Calorimeter(s)
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 This channel strongly depends also on the quality of the
reconstruction of the transverse missing Energy E;™S;

_ ETmISS(X'y) = -[2i=calo_cellsETcaIO(Xi'yi) + Zj=muonsET|v|S(Xj'yj) ];

— E;%?°(x,y.) is the x(y) component of the transverse energy
measured by Calorimeter cells (after noise suppression);

— E;™(x;y;) is the x(y) component of the muon transverse

momentum measured by standalone Muon System (MS);

* The two main problems with E,™ss:
— The “energy scale” associated to E,"'* (linearity) and the its
resolution;

* Importance of calibration; global calibration (using energy density); or
“Refined” calibration (looking to the nature of the object hitting the
calo cells)

— The “fake” EMss;
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* The fake E,™'S sources:

— From muons;
* Unreconstructed muons—> produce E,™*¢ in the muon direction;
* Fake muons = produce E,™'*$ in the direction opposite to the muon;
* Badly measured muons -> produce E,™ss in the same/opposite
direction of the muon;
— From calorimeter:
* Non-instrumented regions, cracks, ...;
* Jet energies badly reconstructed;

— From instrumental effects:

* In real data there will be sources of E,™ss sources which are not
modeled in Monte Carlo simulations: examples: mis-modeling of
material distribution, dead/hot cells not masked, hw failures (High

Voltage, Low Voltage, ReadOut,...)
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Fraction of Events

Instrumental MET!
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One of the first MET measurement we’ll do!

The E,M5(x,y) resolution as a function of ZE;
in minimum bias and dijets events. An
integrated luminosity of the order of 10>/pb
is used.
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The expected significance at L=10 fb!. The results expected from
the gluon-gluon process, as well as the one from the VBF
process, are shown
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* The SM Higgs decay to tt, for m,<140 GeV, is the channel

with the largest branching ratio, after the dominant bbbar
final state: about 7% at m, = 120 GeV: it also offers the
opportunity to search for the Higgs through di-fermion final
states, and to contribute to the measureemnt of Higgs
couplings.
The VBF signature has an actractive S/B ratio;
Three main sub-channels here:

1. Both t decay to leptons: H=>T, T,

2. Onetdecayst to leptons, the other one hadronically: H=>T, T,

3. Both t’s decay hadronically: H><, T,

The first 2 channels have been considered so far by ATLAS and
CMS.
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WW, ZZ fusion =9
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0.06 S . . . .
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0.04 hi lu : M”
0.03 o . . . .
0.02 2. No jet activity in the central region
0.01

2 AR (no color flow between the two tag
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* Experimentally:

H->T, T, ; clean, see discussion made for electrons and muons, plus the
missing transverse energy. BR = 12.4%;

H->T, T,, involves hadronic T reconstruction and missing transverse
energy; BR =45.6%;

H->7,, T, involves hadronic T reconstruction for both taus and missing
transverse energy; BR =42.0%;

Jet reconstruction;

* The challenge:

Trigger on T,, (in particular for purely hadronic final states);

Efficient T, identification with high separation from fake-t originating
from QCD jets.

Good tau energy resolution (in conjunction with very good ETmiss
energy resolution)

Jet reconstruction down to low energies and large rapidity.

A. Nisati, Preparing for the SM Higgs ... 51



0.95

0.9
0.85
0.8

0.75

0.7

-] UL ] TTrTT I TTTT I TTrTT I TTTT l TTT ’l_ _l‘ T ]:: ) u_‘l l._l.,]_‘l_ :TLI_
| P 2
- gt ,
- Fgre N
X Has ]
e E
. ATLAS ]
i VBF H(120)—>t"t— |l i
- T ®Forward jet (TopoC4)
- [Central jet (TopoC4) -
-I Ll l L1l I LLLl I L1 Ll I L1 Ll l Ll I L1 Ll I L.l l L1 11 | Ll Ll
0 20 30 40 50 60 70 80 90 100110

p,(GeV)

:l T I.I kl.l.l T kl.l.lelsl LI I LI | LI | LI I | i) I.ld T IJ.I.I.l ]:
09 f_‘.. * Oo.c.)OoO 888;8888.88.98888;888QBOO;Q;; é_f
08 s

E %0 %, E
0.7c¢ $ 3
0.6/4 £
0.5F

T

ATLAS

VBF H(120)-t*t— I
®Topo C4 jet
OTower C4 jet

|
5 4 3 -2 -1 0 1 2 3

o O o o
o D W
3(’].].!.14_'&1‘_LI_LLLLI_|ICQ‘7‘1IIIIIH

Jet reconstruction efficiency for the Cone jet algorithm with R=0.4 as a
function of the generator-level jet p; for the jets based on TopoClusters
(a) and n for Tower- and TopoCluster-based jets (b).

A. Nisati, Preparing for the SM Higgs ... 52



The tau appears as a narrow jet
of particles with aperture m_/E_;

Composition: mostly neutral
and charged pions (1 or 3);

=>» look for narrow isolated
cluster of calorimeter cells (both
electromagnetic and hadronic),
associated to a pencil jet of a
small number of charged tracks
pointing to the cluster
barycentre.

Two algorithms are developed
in ATLAS (the so-called cluster-
based and track-based), used
together.

A. Nisati, Preparing for the SM Higgs ...
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Reconstruction
1) seed: jets, with ET>10 GeV

2) all cells with AR<0.4 around
the barycentre are H1-style
calibrated for energy estimation

3) tracks within AR<0.3 and
p>1 GeV from the cluster
centre are assigned to
Candidate

4) Direction from leading

Parameters used to identify tau

objects:

* REM — the radius of the EM cluster

* |solation fraction — the transverse energy
deposited in isolation region (0.1<DR<0.2)
divided by the energy in the cone DR<0.4;
* Electromagnetic and hadronic energies
of cluster

* strip-width — width of the cluster in the
n-strip layer of EM calorimeter;

* Nstrip-cells = number of strip cells over
energy threshold;

e Ntrack — track multiplicity of tau
candidate

aSSOC|atEd traCk A. Nisati, Preparing for the SM Higgs ... 54



=>» The tau reconstruction and identification is a
complex task!
The understanding of this lepton in ATLAS with the
first data will be crucial for search physics .

The reconstruction of Z2>tt process, and the measurement
of its production cross section will be mandatory to
“commission” the tau reconstruction and identification in
ATLAS.

The W—>tv appears very attractive as its production cross-
section times BR is ten times large, BUT it is more difficult
from the trigger point of view, and for the analysis.
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* Analysis optimized for the first 200/pb; select opposite sign (OS) It, events;

 Trigger on high-pT electrons/muons to collect a sample of Z2>tt=>/vvt, v
events with very low background which then can be used to determine the
T, energy scale, and then the E;™** scale from the complete Z reconstruction
(including neutrinos)
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Visible m__ (GeV)

Tau Energy Scale

Left: The reconstructed visible mass of the (/t,) pair for Z>tt decays (solid line) and QCD,W > 1v,
Z-> 1l backgrounds (dashed line). Right: The reconstructed visible mass of the (/t,) pair from Z>tt
decays as a function of the 1, energy scale (right). The dashed lines correspond to 10 and +30 with

respect to the reconstructed peak position. The results were obtained with the calorimeter-based
algorithm.

* Analysis of the same-sign (SS) events. will monitor the mis-tag efficiency; .,



* Trigger: electron/muon trigger for
VBF H 917'5 leptonic/semi-leptonic channels; tau + v

E.Miss trigger for the fully hadronic chan
Analysis
eBesides the VBF and E;™s cuts,
thresholds for e/p/tidentification are
optimized for identification efficiency and - Assume all = decay products are collinear, call x the

fake rej ection. visible momentum fraction of T

e Low MT(/- E;™%) to reduce the W+jet em_=V2p,p,(1-cosa)

background. e m_"=V2p,"™p,"(1-cos o)

e jet veto (uncertainty on the robustness =V2(xp) (xp) (1-cose)=m_-V (XX,

of the jet veto with respect to radiation in - solve for x,, x, by imposing missing P_vector balance:
the underlying event and to the presence - B = (150, P, + (1), P
of pile-up: so far VBF channels studied at

low luminosity only).

e The H mass can be reconstructed using

the collinear approximation (Am = 8-10
GeV) A. Nisati, Preparing for the SM Higgs ...
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Measurement of the Z-> 7t + jets background shape, after
event selection, directly from real data:

* Select a clean sample of Z>uu events, replace the
muons with taus (removing the average energy deposit in
the calorimeter), and simulate the tau decays.

* Apply the analysis cuts.

* Normalize to the measured tau-tau invariant mass

measured distribution.
58



STy o Ty Example of a fully data driven
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Expected Significance (o)
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Expected signal significance for several
masses based on fitting the mtt
spectrum. Background uncertainties
are incorporated by utilizing the profile
likelihood ratio. These results do not
include the impact of pileup.
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the combination with an integrated luminosity of 10 fb-1 for the lower Combined Exclusion CL

mass range.

Top-Right: Significance contours for different Standard Model Higgs
masses and integrated luminosities. The thick curve represents the 50
discovery contour. The median significance is shown with a colour
according to the legend. The hatched area below 2 fb! indicates the
region where the approximations used in the combination are not
accurate, although they are expected to be conservative.

Bottom: The expected luminosity required to exclude a Higgs boson with
a mass m,, at a confidence level given by the corresponding colour. The _ ;
hatched area below 2 fb! indicates the region where the approximations =

used in the combination are not accurate’AaNngHﬁhet&ﬁMEF&?H@gﬁ%ég___ ==

be conservative.
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Conclusion

The search for the Standard Model Higgs Boson at the LHC in the mass
region between the LEP limit and 2M, will require the study of several final
states, in particular for values of m,, close to 110 GeV: assuming Vs=14 TeV,
with a luminosity of 2fb™%, the expected (median) sensitivity is at the 50

level or greater for discovery of a Higgs boson in the mass range between
143 and 179 GeV;.

These final states do require a good level of understanding of the detector
physics performance, of the reconstruction of photons, leptons, jets and
MET;

The measurement of SM backgrounds directly from data will be crucial to
reveal new particle production processes;

A very long season of MC studies, measurements performed in test-beam
and cosmics stand experiments, as well as recent measurements
performed with the ATLAS and CMS detectors with cosmic rays, allowed an
initial and good understanding of our experimental apparatuses:

The calibration of the detector and the understanding of the initial data
will take some time ... but have already some knowledge of our detector!

The real challenge...?? 2>
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LHC running at 7 —10—-14 TeV
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Examples of cross section suppression in going from 14 TeVto 7 TeV:

oW, Z~45%
eH (120 GeV) ~ 30%
«Z’ (1 TeV) ~ 18%




Different technology used by CMS, based on scintillating crystals.

e

|
p "

-_-_'_‘_‘,'.'.','.::--;__-3']']"""Erc'cap
ECAL (EE)

Transverse section through the CMS ECAL, showing geometrical
configuration and photograph of a CMS ECAL supermodule . The CMS ECAL

is composed of ~80,000 lead tungstate (PbWO4) scintillating crystals with a
granularity of An x A¢ = 0.0175 x 0.0175 in the barrel region.
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A resistive joint of about 220 nQ2 with bad
electrical and thermal contacts with the stabilizer

No electrical contact between wedge and U-profile with the No bonding at joint with the U-
bus on at least 1 side of the joint profile and the wedge

= Loss of clamping pressure on the joint, and between joint and stabilizer

= Degradation of transverse contact between superconducting cable and
stabilizer

= Interruption of longitudinal electrical continuity in stabilizer

A. Nisati, Preparing for the SM Higgs ... A. Verweij



The Large Hadron Collider

September 10, 2008: beam splashes from this machine
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first beam event seen in ATLAS
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The Large Hadron Collider

e 19 September 2008: the LHC accident; what
happened?

Main dipole electrical
connections are
ensured by 12 kA bus

A. Nisati, Preparing for the- | bars. 69




No bonding at
joint with the U-

-profile with the

Jointresistance [nQ]
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The Large Hadron Collider

No electrical contact between

The electrical cold joint

=» About 220 nQ2 resistance

Main dipole electrical
connections are
ensured by 12 kA bus
bars.

Typical electrical

resistance (at low T):
0.2nQ2;

One joint in sector 34
had an anomalous
resistance of 220 nQ2
- ...
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The Large Hadron Collider

e 19 September 2008: the LHC accident; what

happened?

1000

— Length normal zone [m]
— Power [W]

—T_max [K]

—Voltage [mV]

100 -

10 A

\V=0.3 mV

0.1 1

0.01

Thermal runaway at T_max=30 K, P=70 W, V=10 mV, z_norm=0.3 m

N
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N\

Start normal zone ~,
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Current [A]
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Arjan Verweij, TE-MPE

Current : 7 kA;
Power=1?’xR=11W !
* QUENCH! The electrical
resistance increases
drastically

* The local temperature
goes to very high
temperatures; the joint
melts;

* the electrical circuit
breaks in that point

* all the energy stored in
the dipole, about 2 GJ, is
“discharged”

* = electrical arc

* 2 holes in the cryostat...
the rest if widely know.
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E Inl<1.0
»
-_g Layer | Ne | xXxo@%) | dwx
S
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ML W by oy 2,
350k events:

With 10 times more statistics : 10 %
With 100 times more statistics: 3 %
With 500 times more statistics: | %

Location of the ATLAS Inner Detector material as obtained from Location of the ATLAS Inner Detector material as obtained
the true position of the fully simulated photon conversions in  from the reconstructed position of the fully simulated
minimum bias events. The majority of the conversions are photon conversions in minimum bias events

recoverable.
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All photons:
difference between
measured and true
energy normalised to
true energy (n=1.075)

Unconverted photons:
difference between
measured and true
energy normalised to
true energy (n=1.075)
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Efficiency

About 60% of the photons from H->yy decays have a conversion in the material
in front of the calorimeter. The recostruction of conversions is important for
improving both the efficiency and the accuracy of these decays.

0.8,

0.6

0.4

0.2

B | | T | T ) B | | | ]
— ATLAS 7| & 1 ATLAS |
S o | B e ' :
> MR L N U R e 0.8 =
ot adh : j
+ ¥ g - _ i
- - 5 T ] 0.6 ]
| —4— Total efficiency _ B ]
- — Vertex reconstruction . - =
B Single-track conversions ] 0.4~ 7]
- ] 0 2:_ e —4— Total effic-:i;r;cy _:
- — T — Vertex reconstruction -
B ] - Single track conversions i

v b b by v v Py Iy |- .1 7\ ) " T R L

100 200 300 400 500 600 700 800 % 05 3 e 5 55
Conversion radius (mm) |
Reconstruction efficiencies for conversions from 20 GeV pT photons as a function
of conversion radius (left) and pseudorapidity (right). The points with error bars
show the total reconstruction efficiency, the solid histograms show the conversion
vertex reconstruction efficiency, and the dashed histograms show the single-track
conversion reconstruction efficiency.
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Test-beam data ; 245 GeV electrons

1.04
.*? 2455 cells 0.4
= ]
L 1 02 ___________________________ 0-33
=)
= 0.3
5 ) 0.25
0.2
0.15
0.98 0.1
All barrel: 0.43% 0.05
0.96 : ' ' ' 0

0.5 1 15 2 n

Distribution of the average energies measured in all cells of all tested
modaules as a function of the cell 1), normalised to the mean energy
measured in the modules. In the barrel, this mean energy was 245 GeV,
while it was 120 GeV in the endcap.
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Associated production
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Left: Example of a pp 2 H + X event in the CMS detector with Higgs
particle decay H = yy. The two ECAL energy deposits are clearly visible.

Right: The yy mass distribution for each source for barrel events with
kinematic neural net. Events are normalised to an integrated luminosity
of 7.7 fb-1 and the Higgs signal (MH=120 GeV/c2) is scaled by a factor 10.
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e Jets:A jet is a narrow cone of neutral and
charged particles (mostly hadrons) produced
by the hadronization of a quark or gluon.

* The reconstruction of a jet is a complex task:
in most cases the reconstruction of the initial
parton momentum represents the ultimate

goal of the jet energy measurement.

* Several steps to reach the energy
reconstruction of a jet:

A. Nisati, Preparing for the SM Higgs ...
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The measurement starts from the signals recorded in the
calorimeter cells which have been calibrated at the
electromagnetic scale (set in test beam experiments;
reproduces correctly electron beam energies);

Reconstruct jets as clusters of calorimeter cells (example:
cone algorithm, kt algorithm); the raw energy of jet is
defined by the sum of the individual cell energy belonging
to that jet.

Jet calibration procedure: first corrections are made for
detector effects(non-compensation, noise, losses in dead
materials and cracks, leakage, etc...); after this procedure
the jet is calibrated at the hadronic scale. Then corrections
to account such as ISR/FSR, underlying event (and pileup)
can be applied, but they are process-related: we reach the
parton scale calibration.

The validation of the whole procedure has to be performed in-situ using suitable processes.
Simulation procedures sre alsovéiy important. 79
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The ratio of the reconstructed E; and the true (E;*¥)
transverse energy of the hadronic t decay products is
shown as a function of the visible true transverse energy
E,™Vs (left), calculated in |n|<2.5 and |n| (right) for taus
from Z->tt (triangles) and A->tt with m,=800 GeV (squares)
decays. The ordinate value is the mean and the error bars
correspond to the sigma of the Gaussian fit performed in
the range 0.8<E,/E;*V. The results are obtained after
applying the loose likelihood selection, see below.
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Efficiency

Expected performance for the calorimeter-
based algorithm with the likelihood
selection. The rejection rates against jets
from Monte-Calo particles as a function of
the efficiency for hadronic t decays for
various ranges of the visible transverse
energy are shown. For signal events Z->tt
and bbH, H->tt with m_,=800 GeV were used,
for the background QCD dijet samples were
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* Minimum bias events. di-iet events. Z/y+jet(s) events

| Rates ¢-distribution |

m:
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Intercalibration in phi: using

the “¢p-simmetry”. Left: the jet
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p;e¢/p; Ut at the EM scale versus the
jet pseudorapitiy 1. Correct this
response using the “tag & probe”
method and checking with simulation.
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 The jet energy scale: important to measure with no
bias the energy of reconstructed jets.

* Several methods explored: y-jet(s) processes, Z-jet(s)
processes, Missing-ET prOJectlon method,..

In leading order of perturbatlon theory

T 0.04

S  0.025 I the final state of y/Z+jet events can be

& _0;— . _ t .n

= 002;_ —+— coqsnderi::l as a ;cwo body system i

I‘-o.04;— which p/et = p4,
=0.06-" g: * Measure B, = p;°t/ p;¥2- 1
-0.08
0.1 4 Alpgen, 500 pb-1 Plot: the p; balance for an integrated luminosity of
;‘)’-:i; Gonet? jets e Alpgen, 120 pb-1 120/pb and 500/pb in events generated with ALPGEN
_016: ATL AS “  Pythia, 120 pb-1 and PYTHIA in bins of p;, for cone jets with R=0.7.
-0.18Ex. N T I Ty The balance is affected by various physics effects

50 100 150 200 250 300 350 400 . ) . - .
p,z(Gev) Which systematically limit the precision of the in-situ

validation procedure. These effects can be as large as
- 5-10% at 20 GeV and tend to decrease to the percent
A-Nsat egelsteabout 160 GeV. =
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A lot of work done to start understanding the calorimeter and the jet
reconstruction:

ATLAS Cosmic 2008 Preliminary

¥

= Cosmic Data L1Calo
--- Cosmic Single Muon MC

+
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Jet Transverse Energy (GeV)
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2500

Distribution of jet transverse energy from the
cosmic L1Calo stream (run 90272 in Sep. 2008)
and cosmic Monte Carlo. The same
normalization factor as for the figure above is
applied. The ATLAS Cone Jet algorithm with a
cone size 0.4 is used. Calorimeter clusters
reconstructed with the topological clustering
algorithm are the inputs for the jet
reconstruction. Only jets with ET>20 GeV are
shown. The jet energy is at the electromagnetic
scale. The shape of the distribution is well
described by the simulation. At high ET, more
events are found in the data than in the MC.
This might be explained by the limited MC
statistics and by air shower events not included

in the simulation.
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Influence of pile-up 0 I

| | ]
In average about 2.3 pp inelastic 098 g ATLAS -
collision per each bunch crossing = osf . 3
2.3 “minimum bias” events in 0.70 B 14
addition to the triggered event. 0.6 -
Additional activity in the central 05 .  VBF H (Ih-channef}
rapidity region = impact to the 04r * e e e
central jet veto; by
Degradation of the measurement of 02- L @i(hchame) -
E,™ss=> impact to the tau mass 3 I T
resolution; 0™ 1o pileup 10% 2x10%
Degradation of the hadronic tau Luminasity(om*s)
lepton identification; Central jet veto performance in the

presence of varying levels of pileup for
signal and background samples.
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* Monitoring detector response stability: with ~
1-8x10° triggers to reach 1% stability

e Cell-to-cell calibration

— Using phi-symmetry of MB triggers, inter-calibrate cells
with equal dimensions/positions (2x64 cells)

* Jet calibration; based on weights estimated from
Monte Carlo studies; ingredients:

— Jet fragmentation modelling: electromagnetic jet
energy fraction, energy and multiplicity of charged
hadrons, etc..

— Hadronic shower models, benchmarked in comparison
with test beam data;

— Description of dead material in simulation (fraction of
“lost energy” in dead material from ~few% to 15 %)

A. Nisati, Preparing for the SM Higgs ... 85



* Systematic uncertainties

Source Relative uncertainty Effect on signal efficiency
luminosity +3% + 3%
muon energy scale + 1% + 1%
muon energy resolution o(pr)®0.011pr & 1.7 104p2 +0.5%
muon ID efficiency +1% + 2%
electron energy scale + 0.5% +04%
electron energy resolution c(Er)®7.3103E; +03%
electron ID efficiency + 0.2% +0.4%
tau energy scale + 5% +4.9%
tau energy resolution c(E)®045VE + 1.5%
tau ID efficiency + 5% + 5%

jet energy scale’

jet energy resolution

+7% (In| £3.2)

+ 15% (In| = 3.2)

+ 5% (on EF's )
G(E)®0.45VE (In| <3.2)

+16%/_20% e

Needs a careful control of
the jet and MET energy

c(E)®0.67TVE (In| = 3.2) + 1%
b-tagging efficiency + 5% + 5%
forward tagging efficiency +2% + 2% scale
central jet reconstruction efficiency +2% + 2%
total summed in quadrature +20%

A. Nisati, Preparing for the SM Higgs ...
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Build a likelihood function L(w,0) from a model; w =0 - no signal ; u
=1 - SM signal;

0: array of “nuisance” parameters needed in the model
(background rate, efficiency, shapes' params, ...);

L(u,0) may describe one or more decay channels;

Maximize L(u,0) to fit data at best, either by varying u,0 altogether
(= un,07), or by varying only 0 at fixed u (= 677 ); then build

Mu) = L(w,0M) / L(u?,07); g, = -2 Inh(w);
g, distributed as a v?(1 df), easy to compute the p-value, the
probability of g, to be larger than the observed qMObs value.
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lllustration of the determination of
the p-value of a hypothesized value of u.

The left-hand curve indicates the pdf of g,
for data generated with the same value of
u as was used to define the statisticq,,;
this is used to determine the p-value of u,
shown as the shaded region. The right-
hand curve indicates the pdf of g, for data
generated with a different value of the
strength parameter, u’ .

Discovery: Assume no signal (u =0) and evaluate g, from data; if p-

value < 2.87x107 claim for a discovery at 50 significance!

Exclusion: Assume signal (u =1) and evaluate g, from data; if p-

value < 0.05 exclude signal at 95% confidence level.
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