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Particle detection and
reconstruction
Lecturatithe LHC (and Tevatron)

=] Historical introduction: from UA1/UA2 to ATLAS/CMS
| ecture 2

= Experimental environment, main design choices and intrinsic
performance

Lecture 3

=7 Global performance overview, electrons and photons
(and particle-ID in ALICE/LHCD)

Lecture 4

(=7 Muons and hadronic jets

Not covered here

=71 Trigger, data acquisition and offline (see lectures by A. Yagil)
slreabib&ation, alignment and c0 MU SSIQRLNGs (5@ bR Gl BS 26336 1absioor




ATLAS/CMS: from design to reality

TABLE 7 Main performance characteristics of the ATLAS and CMS trackers

ATLAS CMS

Reconstruction efficiency for muons with pr = 1 GeV 96.8% 97.0%
Reconstruction efficiency for pions with pr = 1 GeV 84.0% 80.0%
Reconstruction efficiency for electrons with py = 5 GeV 90.0% 83.0%
Momentum resolution at pr = 1 GeVand n = () 1.3% 0.7%
Momentum resolution at pr = 1 GeVandn = 2.5 2.0% 2.0%
Momentum resolution at py = 100 GeV and n = 0 3.8% 1.5%
Momentum resolution at pr = 100 GeV and n = 2.5 11% 1%
Transverse L.p. resolution at pr = 1 GeV and n = 0 (um) 75 90
Transverse 1.p. resolution at pr = 1 GeV and n ~ 2.5 (um) 200 220
Transverse 1.p. resolution at pr = 1000 GeV and n = 0 (um) 11 9
Transverse L.p. resolution at pr = 1000 GeV and n = 2.5 (um) 11 11
Longitudinal 1.p. resolution at py = 1 GeV and 1 = 0 (um) 150 125
Longitudinal 1.p. resolution at py = 1 GeV and n = 2.5 (um) 900 1060

Longitudinal i.p. resolution at py = 1000 GeV and n = 0 (pum) 2242

Longitudinal 1.p. resolution at py = 1000 GeV and n &~ 2.5 (um) 70 _
Performance o raCKer IS undoubtedly superior 10 Sin

terms of momentum resolution. Vertexing and b-tagging performances
are similar. However, impact of material and B-field already visible on
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ATLAS/CMS: from desigln to realit

R&D and construction for 15 years — excé&flent EM calo |ntr|¥sic
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e Active sensors and méchanics acagunt each only for ~ 10% of material

budget

e Need to bring 70 kW power into tracker and to remove similar amount of

heat

e Very distributed set of heat sources and power-hungry electronics
Inside volume: this has led to complex layout of services, most of which
wRere not at all understood at the tifme ‘&Forli@eT EyRE Summer School, CERN, 11/08/2007 to 14/08/2007



ATLAS/CMS: from design to reality

TABLE 5 Evolution of the amount of material expected in the ATLAS and CMS trackers
from 1994 to 2006

ATLAS CMS
Date n =1 n = 1.7 n==10 n==1.7
1994 (Technical Proposals) 0.20 0.70 0.15 0.60
1997 (Technical Design Reports) 0.25 1.50 0.25 0.85
2006 (End of construction) 0.35 1.35 (0.35 1.50

The numbers are given in fractions of radiation lengths (X /Xy ). Note that for ATLAS, the reduction in material from 1997
to 2006 at A2 1.7 is due to the rerouting of pixel services from an integrated barrel tracker layout with pixel services
along the barrel LAr cryostat, to an independent pixel lavout with pixel services routed at much lower radius and entering
a patch panel outside the acceptance of the tracker (this material appears now at n /2 3). Note also that the numbers for
CMS represent almost all the material seen by particles before entering the active part of the crystal calorimeter, whereas
they do not for ATLAS, in which particles see in addition the barrel LAr cryostat and the solenoid coil (amounting to
approximately 2Xg at n = (), or the end-cap LAr cryostat at the larger rapidities.

wUIITV LI -l

e Electrons lose between 25% and 70% of their energy before reaching EM
calo

e Between 20% and 65% of photons convert into e*e” pair before EM calo

e Need to know material to ~ 1% X, for precision measurement of m,, (< 10
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ATLAS/CMS: from design to reality

TABLE 10  Main performance parameters of the different hadronic calorimeter components
of the ATLAS and CMS detectors, as measured in test beams using charged pions in both
stand-alone and combined mode with the ECAL

ATLAS
Barrel LAr/Tile End-cap LAr CMS
Tile Combined HEC Combined Had. barrel Combined

Electron/hadron 1.36 1.37 1.49

ratlo
Stochastic term  45%/vE S55%INE  15%INE 85%INE — 100%/IVE — T0%INE
Constant term 1.3% 2.3% 5.8% < 1% 8.0%
Noise Small 3.2 GeV 1.2 GeV Small 1 GeV

The measured electron/hadron ratios are given separately for the hadronic stand-alone and combined calorimeters when
available, and for the contributions (added quadratically except for the stand-alone ATLAS tile calorimeter) to the pion
energy resolution from the stochastic term. the local constant term, and the noise are also shown, when available from

published data. _
Huge effort in test-beams to measure performance of overall

calorimetry with single particles and tune MC tools: not

D. Froidevaux, CERN C O m p I»-@d‘r:o@ olfider Physics Summer School, CERN, 11/08/2007 to 14/08/2007



ATLAS/CMS: from design to reality

One word about neutrinos in hadron colliders:
v since most of the energy of the colliding protons
escapes down the beam pipe, one can only use
the energy-momentum balance in the transverse

plane

— concepts such as E;™sS, missing transverse momentum
and mass
are often used (only missing component is E,Miss)
— reconstruct “fully” certain topologies with neutrinos,
e.g. W — lvand even better H - tt — lvv_hv_
v the detector must therefore be quite hermetic

— transverse energy flow fully measured with reasonable

accuracy
— NO neutrino escapes undetected
— no human enters without maior effort

D. FrOidevaU)?'FE\ery'l' Annnce tn enmnmn n f\?'l' o Hr\a ro?\Q?ilide;\Pgs}cfs‘%W&er %???I"'cr:'\ERN il'HPIB/IZ\OIOZ i%{4/08/2007



ATLAS/CMS: from design to reality
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ATLAS/CI\/IS from deS|gn to reallty
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ATLAS/CMS: from design to reality

For an integrated luminosity of ~ 100 pb, expect a few events like
this? This is apparent E{™'ss occurring in fiducial region of
detector!
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Jeasan howoonehraadgelaesrecovered using energy-flow
particularly important fafigorithme<?

searches (e.g. H— bb) 40 |

For E; ~ 50 GeV in barrel: ‘

ATLAS: ~ 10% energy resolution

CMS: ~19% energy resolution

(with calo only),
~ 14% energy

L Ml < 03 CI\/IS
s

30 S S 9,,,,,calo, ,o,nly, ,,,,,,,,,,,,,,,,,,,,, ,,,,,,,,,

l calo + tracks ( all)

jet E; resolution, (%). reco cone 0.5

. 25 u R :O calo + tracks (Out)m
resolution S RS B R e
(with calo + tracks) 20 * o S ST N——
Some words of caution though I .¢ | 1 a
e danger from hadronic 5 R S -
interactions in tracker material } . SR -«
. o ol — il TSI
— non-Gaussian tails in ; -
response S DU O P O U
e gains smaller at large n 0 20 40 60 80 100 120
(material) and at high energy E; MC jet in cone 0.5, GeV
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ATLAS/CMS: from design to reality
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CMS muon spectrometer
e Superior combined momentum resolution in central region
e Limited stand-alone resolution and trigger (at very high luminosities)

due to multiple scattering in iron
» Degraded overall resolution in the forward regions (Jn| > 2.0) where
solenoid bending power becomes insufficient
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ATLAS/CMS: from design to reality
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ATLAS muon spectrometer
» Excellent stand-alone capabilities and coverage in open geometry
« Complicated geometry and field configuration (large fluctuations in
acceptance and performance over full potential n x ¢ coverage (In| < 2.7)
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ATLAS/CMS: from design to reality

TABLE 12 Main parameters of the ATLAS and CMS muon measurement systems as well as
a summary of the expected combined and stand-alone performance at two typical
pseudorapidity values (averaged over azimuth)

Parameter ATLAS CMS
Pseudorapidity coverage
-Muon measurement In| < 2.7 In| < 2.4
-Triggering In| <2.4 In] < 2.1
Dimensions (m)
-Innermost (outermost) radius 5.0(10.0) 3.9(7.0)
-Innermost (outermost) disk (z-point) 7.0(21-23) 6.0-7.0(9-10)
Segments/superpoints per track for barrel (end caps) 3 (4) 4 (3-4)
Magnetic field B (T) 0.5 2
-Bending power (BL, in T- m) at || = 0 3 16
-Bending power (BL, in T- m) at |n| &= 2.5 8 6
Combined (stand-alone) momentum resolution at
-p = 10GeVand n = 0 1.4% (3.9%) 0.8% (8%)
-p = 10GeVand n = 2 2.4% (6.4%) 2.0% (11%)
-p = 100 GeV and = 0 2.6% (3.1%) 1.2% (9%)
-p = 100GeV and n &= 2 2.1% (3.1%) 1.7% (18%)
-p = 1000 GeV and n =0 10.4% (10.5%) 4.5% (13%)
-p = 1000 GeV and n = 2 4.4% (4.6%) T.0% (35%)

CMS muon performance driven by tracker: better than ATLAS atm ~0
ATLAS muon stand-alone performance excellent over whole n range

D. Froidevaux, CERN 17 Hadron Collider Physics Summer School, CERN, 11/08/2007 to 14/08/2007



channels

- 99.8% fully operational
28 Signal/noise ~ 25/1

» 20% cosmics test under

-AII modules and
services integrated and
tested

e 80 million channels !

* 10%-scale system test

with cosmics done at

(O PG, CERN Novem ber 2006

CMS Tracker Inner Barrel




Remember that tracking at the LHC is a risky

ATLAS pixel beam tests: CMS pixel beam tests in 3T field:
intrinsic resolution in bending plane extrapolate by simulation to
before and after irradiation to a expected behaviour versus
fluence incidence angle, voltage bias and
of 10 neutrons,,, per cm? total neutron fluence collected in
4T field

Pixel size is 50 um x 400 um in R$ X z Pig@el_.s_;_e 15 d2Qm X.150. um n. qu
ATLAS pixel module before irradiation ATLAS pixel module affer irradiation i ®=6. 7"1014 n, q’C:P(V ZOO v a
-.|-- 0=6.7x10" n, /c 50 V : S
11 1015 ngq/cmz S 25__ ....... k- D=6, 7x1014nq/cm V—GOOV ........................ A ....... —
' § E [ =9. 7x1014nq/cm v_450v A ................. é -
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But ATLAS/CMS tracking specs do not marry well with detailed
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What are the limitations of ATLAS/CMS tracking
detectors in terms of particle-ID? Look at

ALICE TPC (Time Projection Chamber)

from each other through precise dE/dx measurements:

« Measure many samples of dE/dx per track (need >> 25 ns!l!)
* At low momenta, non-relativistic particles can be separated

BZ

Bethe Bloch <dE/dx> = k 1/ [32(0 5 Log(2m C2BY°T 0 /1°) -

PiGeV.c)



What are the limitations of ATLAS/CMS tracking
detectors in terms of particle-ID? Look at

Overall particle-ID in ALICE for heavy-ion
® stable hadrons (=, K, p): 100 pﬂygjeg GeV

= gdEdx in silicon (ITS) and gas (TPC) + Time-of-Flight (TOF) + Cerenkoy (EICH)
= gdEfdx relativistic rise under study == extend PID to several 10 e VY

® decay topology (K% K*. K-, A)
= still under study, but expect K and A decays up to at least 10 GeY
® leptons (e. p). photons, =

TPC+ITs  EEE 7K

Alice uses ~ all
known techmiques!

electrons in TRD: p= 1 GeY

_ Kip muans: p = 2 Gey
e/ clx ] W A eim x?in PHOS: 1 =p < 80 GeY
TOF i 2/ -
K
HMPID B e
(RICH] i
0 1 2 3 4 5 pUEeyio

TRD e SRS
PHOS  y/n® =

)7




What are the limitations of ATLAS/CMS tracking
detectors in terms of particle-ID? Look at

LHC-b RICH detecﬁ)lﬁl.CE/L _ICb C./Fip 3 GeV 30 Gey

B (pion) 0.9989 0.999989
0 (Cerenkov) | 0.160 rad | 0.0526 rad

B (kaon) 0.9864 0.99986
0 (Cerenkov) | 0.020 rad | 0.0502rad
RICHI.:
larger solid angle,lower part of momentum
spectrum

*Aerogel (hygroscopic...)
-n=1.03— 0 (B=1)=242 mrad
-thickness=5 cm
-nb detected photons=~7/ring (B=1)
e C,F; p=1013 mb at -1.9C
-n=1.0014 /260 nm 06 (B=1)=53 mrad
-thickness=85cm
-nb photons=~30/ring

CF, -n=1.0005 /260 nm 0 (B=1)=32 mrad
-thickness=180cm

-nb photons=~30/rI ng
22  Hadron Collider Physics Summer School, CERN, 11/08/2007 to 14/08/2007




What are the limitations of ATLAS/CMS tracking
detectors in terms of particle-ID? Look at

ALICE/l HCP

&l a ol - o] +
I RICH 1 ﬂﬂii b i [ RICH 2
: 5 : & g
ar, 40
20 -— el
j— =hno -
g ot =
= 50
20| -20 -.
-4l - =l
ol [ =il
1 1 1 1 P | 1 1
=it 40 20 f 20 ] et
X {cmi
No [ T T T "
— L =
% 7000 [ Ms, > ] ,'%znuu
E :DBUHEK ND RICH "-._--‘-
© 6000 174(0)
N ;
- 1500 F
0 5000 [
c 1250 F
Q i
4000 [
Lﬁ 100 F
3000 | 730 |
2000 | s |
250 F

1000 |

0
5 50551 515 52 5256 53 535 §.4 5.45 6.5

Invariant mass [GeV,-'(:2 ]

[ Ll L e e S | el 1|
DRI 52 SIS S1A5 54 545 55 55556

- Gelic
B — K'K” invariant mass

LHC-b RICH detectors

Fhoton

Detactors
n)
250 ™
Asrogel - i1l Spherical
Mirror
Bearm pipa
1
3 et window [ -Track
Flana
Mirror
| |
100 200 Z [cam)

ics Summer School, CERN, 11/08/2007 to 14/08/2007



Electrons and photons in ATLAS/CMS

@ Electron identification
% Isolated eiectrons: e/jet separation
+R,,; ~ 10° needed in the range p;> 20 GeV
«R., ~ 10°for a pure electron inclusive sample (g, ~ 60-
70%)
% Soft electron identification — e/ separation
«B physics studies (J/y)
+Soft electron b-tagging (WH, ttH with H — to bb)
@ Photon identification

% 1vyljet and y/n® separation
«Mmain reducible background to H — yy
comes from jet-jet and is [ 2x10° larger than signal
+R;, ~5000 in the range E; >25 GeV
«R (isolated high-p; n%) ~3
% LekheralaeteetBl v&iifements for efyid at the LHC:

[=ITrigger efficiency

[=JUnderstanding of detector (alignment, material)
=IMomentum measurement in the Inner Detector
[=JECAL calibration
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Can lessons be learned from Tevatron?

Track Matching Efficiency

=3

ID: Tracking

@

1

e Tracking important part of
electron/photon ID

e Requiring or vetoing a high p+
track reduces background by x10

e Tracking more difficult in forward-"""":
regions

e \ery sensitive to the amount of
material

2 Radiation reduces track p;

Efficiency

02 —

-2 A

L

gl boyvov v v e by vy by o

t

=
ST

%

1] 1

2
Detector pseudorapidity

2 Converted photons are lost

2 Uncertainty in acceptance
dominated early W/Z cross section
mesurements

» 5.5% X, uncertainty in material gave

a 4.7% uncertainty in the acceptance
for Z—>ee

5
.

|:|.
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Can lessons be learned from Tevatron?

T Material from E/P

e Use radiative tail of
E/P to measure (L e
material L

e Gives average L \m. — ]

: ;

material

e Can be combined with 2 s
energy-loss :
measurements of g
muons (J/y) to give _
roughly type of 20000|- PRELISTRARS
material j

2 CDF discovered it o — 1'5"
was missing Copper
cables this way

events 3

Efn (W-—eav)

D. Froidevaux, CERN 26 Hadron Collider Physics Summer School, CERN, 11/08/2007 to 14/08/2007



Can lessons be learned from Tevatron?

&n
[=]

. Material: X-raying the detector § 4

e Conversions can
Indicate location of

Signed Radius{cm)

material in detector

> Normalized to inner

cylinder of tracking
chamber

=2>0verall normalization
difficult

» Acceptance and efficiency
depend onr

e Useful to find missing
(or misplaced!) pieces
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Electrons and photons in ATLAS/CMS

RVGen(ipar] vs ZVGen[ips-* '
120 Radiography [n| <2.5 ATLAS

R (cm)

100}

"

- .
o

10 . Er L
S P

s LA iy PRI TP LT
1 s HE L 3
AT o
PR - g
P R R ALY
N AT WL L
1 W " . .
- Il_\
“
'

“
sty F L U '
A 2
fo '
LA ot 1 -\.l_-'
M=, L 1
.o o ™
o g -
. )

60"

ATLAS Inner
Detector

CT services

0 5 100 150 200 ___ 2507 ceB00cec 350
Z (cm)
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Electrons and photons in ATLAS/CMS

ATLAS and CMS will know the amount of material
in their Inner Detector sub-systems very well

(15 years of simulation work and preparation).

But there is a lot more material than in Tevatron/LEP detectors
(0.4 to 1.5 X, compared to 0.1-0.2 Xy)!!

Example: weight of an ATLAS pixel stave (2005)

Simulation (2003) Measurement
13 Modules 2548 ¢ 25.74 ¢
TMT+omega+Tube 3235¢g 37.95 g +glue
(no liquid)
Cooling liquid ~42¢g 10.9 g (estimate)
Pigtails+connectors+ 639 ¢ 7.8+13.2=21.0 g
cables
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Can lessons be learned from Tevatron?

e Generally calibrated to
Z—>ee resonance

e E/P can give another
handle

2> Track momentum scale is
measured with muons
from J/y, T, and Z->pupu

E scale vs E (e} from W's | =;
1.02 Prots

1015— PRFET.INMIMNS =k

101! .
1.005—

-“ t

1 + - - - " — e
0.995—
09933 3 38 3 W

Er (Cev)

30
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Energy calibrations Il
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Can lessons be learned from Tevatron?
. Background Estimation: e

0.05

e Sources: <+ 0.045 []Jet20
: : (C o.0a [ ] Jet50+70+100
< b decays semi-leptonically (Y 0.035 —
. : dijet MC
2> 0 & 7t give EM and track 0.03
J ) @ o.02s [ W MG
< Photon conversions N o0.02 -
> Composition depends on cuts (00015 |
0.01F | —
e Fake rates are common way to 0.005 |
measure backgrounds ——20 60 80O 100 120 740

) Jat Et (GeaV)
2 Measure rate of jets and

electrons in jet triggered |
events

= Apply to sample with signal
topology with jet instead of
electron
e Generally, jet background is
small, but has large uncertainty
(~25-50%)
2 Absolute rates ~ 10-3-10-4

poa le v il asw s b s walvis s bwvg s bowsslbiwsalisralig
. @ 01 0z 03 04 05 O6 07 08 09 1
Gragory Veramendl Electron and Photons atthe LHoed Cut
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Can lessons be learned from Tevatron?
Missing Transverse Energy

e
on

From CDF RUN II ! CDF Il Preliminary 200 pb’
WW dileptons channel o T
Fakes are QCD dijets =*F Dt
E =+ fabes
2] 15 = - FWW [measured o)
Could be a problem for - =
Letpton (s) channels 0 N <1
@ LHC ; Jet
)

u IIIIII | e B |

0 20 40 80 100 120 140 160 180 200
MET (GeV)

These results may seem quite surprising but remember that cuts are
often loosened to improve sensitivity in searches for rare processes!
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Electrons and photons in ATLAS/CMS

] |

iiiid

- E%%ﬁﬁg == =55

CMS PbWO,
crystal
calorimeter

v

i

)

T
.

L
Ly

1.290 m

=
X

——_ s

)
i

_‘,

- Barrel: 62k crystals 2.2 x 2.2 x23 cm
- End-caps: 15k crystals 3 x 3 x 22 cm
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Electrons and photons in ATLAS/CMS
ATLAS LAr EM Calorimeter description

Back Cell ——»
Middle Cell
Strip Cell

N
n» L b Barrel module
EM Calo (Presampler + 3 layers):
=  Presampler 0.025x0.1 (nxd) *LAr-Pb sampling calorimeter (barrel)
= Energy lost in upstream material *Accordion shaped electrodes
= Strips 0.003x0.1 (Mxd) “Fine loneitudinal and transver
= optimal separation of showersin Ine longt u nata ansverse
non-bending plane, pointing segmentation
=  Middle 0.025x0.025 (1x0) *EM showers (for e* and photons) are
= Cluster seeds reconstructed using calorimeter
= Back 0.05x0.025 (nx¢)

= Longitudinal leakage cell-clustering
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Electrons and photons in ATLAS/CMS

ATLAS EM Calorimeter energy reconstruction

FRONT=S1 MIDDLE=S2 BACK=S3
i mm——— | ———————— e
E E FT T 711 T+ ] 1 Corrections due to cluster
{EESE) iz T [T Gl position:
: * e An (S-shape modulation)
CLUR : =0.005
j : T P —— : A0 (offset in accordion)
Y L & o S } —— =0.001
1 2 - ¢ - ‘ 4
M.9X, ; @ 1 é
122221 Corrections for energy losses:

1. Before PS

Two main clusterization methods:
2. Between PS & Calo

* Fixed size sliding window:

«3x3, 3x7... cells, 2" sampling 1x®; 3. Outside cluster: depends
*Some energy left out, especially for small sizes. on clustering method

* Topological clusters: 4. After calorimeter:
*Variable size cluster, minimize noise impact; ~ Energy in BACK

*Additional splitting algorithm is also provided.
2-7% overall energy correction
>T7% at low energy, high n
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ATLAS: e/jet separation in simulated data

s Results for inclusive electrons with p; > 20 GeV

# for e,= 70% (flat in m), a jet rejection factor of >10°
# Importance of TRT which improves final purity

% rejection can be improved using multivariate analysis

e (%) Riet (Er> 17 GeV)
Results at Calo 91.5+0.4 3000
low luminosity 3 track 87.4+£0.5 36000
matching 82.2+0.6 103000
TRT/conv. 70.0+1.0 > 106 > TRT important!

a Cross checks
#* electrons from W/Z: €,=69+5% with purity > 0.9

% electrons from heavy flavour decays: €,=2 5t1% (non isolated electrons !)
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ATLAS: low p- electron identification in simulated data

Start with a track as a seed. Extrapolate it to calorimeters and build cluster around
Discriminating variables are similar : use of TRT + shower shapes in calorimeter

Performance on single tracks
C . Se_id (J/\II): 80%
i ’ —
RALTY A J/\V T R, (bb—uX)= 1050 + 50
¥
S h“u.“ Allows a S/B ~2 in the J/y mass
= 03[ L window after vertex refitting
0 C "ny
Q o
Y T
- €e.ig (WH10)= 80%
S | |WH (H—bb) e | R, (WH)= 245 + 17
a "¢ «‘%
Once electron is identified inside
. ttH (H%bb) i a jet it can be used for b-tagging
Sb-id = 60%
10 . . . R, (WH,,,)=151 + 2
0.6 0.7 0.8 0.9
| Electron id efficiency | Complementary to standard vertexing

method R, (WH,,)= 115 BUT
€ = Eb_id (60%)* BR -~ 8%
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SM H — vy
MH:?OO éﬂV, H“‘;‘\Ja/f)fj’}éz

-%: %?__‘_‘2*@5{005 -E-EE_:%@ ﬁ;m
Coyshals (7). Lr
0y =0k GV o= GV
= ;Jl*.. g
WASRE
9% 1o 102 oy W0 102
F P[le_uf f} & % d"ﬂ“r&*ﬁbﬂ
2l 103[, f Measurement
!'I' i
' WJ@{:S’, é(m
o
(e 0 Ol | M.,,-.lr-ﬂﬂ |
T O
Myy GeV

Signhal reconstruction

One wants to reconstruct:
M,* =2 Ey,EY,(1-cos0,,)

What contributes to resolution on
mw?

1) Measurement of E,;
e [ntrinsic resolution of calo
e Calibration/uniformity of
calo
e Pile-up effects

2) Measurement of 0,,

e Measurement of position
38 Hadreg Fppp eI PP AT PP B EPT AT 7



Energy resolution g
CMS EM calorimeter o(E) 3-5% a
(crystals): E N
ATLAS EM calorimeter o Exmar S DO |
(liquid-argon/lead sampling calorimeter): & 1 Eirmaens
o) _10% T e n=0.94
E \/E °o /' Sampling term = 10.7%

Module zero test beam data — = Constant term = 0.3%

TE
T E
. T

Mass resolution
(my=100 GeV, low L):

S 1
ATLAS : 1.1 GeV o~
CMS : 0.6 GeV B 4o,
39
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SM H— vy

Angular resolution and acceptance

* ATLAS calorimeter has / ;>

longitudinal segmentation
— can measure Y direction

ATLAS, full simulation

Vertex resolution using EM > *\Q 7
calo longitudinal segmentation L
= I vertex spread
Photons fro ~56cm
a T H % W 1.3 cn
: 0 mrad
(L= ]s} } 0 (9) ~ ’_

. e

CMS has no longitudinal segmentatlon (and no preshower in barrel)
— vertex measured using secondary tracks from underlying event
— often pick up the wrong vertex

— smaller acceptance in the Higgs nass window
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SM H— vy

Backqgrounds

1) Irreducible background from qq = yy and gg =2 vy (box)

2) Reducible background from °m (2 7vy) in jet

fragmentation:

o final states with many photons -> look for single
photons

e non-isolated photons inside jets - look for isolated
photons

o Very difficult problem: at p; =50 GeV, jet-jet / yy= 10’
- need to reject each jet by a factor 10,000 to bring the
reducible background well below the irreducible one

e However, at p; =50 GeV, n%jet = 103
- separate isolated photons from n° decays at 50 GeV

- photons from n® decays will be distant by =1 cm
D.Froidevau RN el arantilar nosHio e EFesRreT Safiesphod FRIGRI2007 g 14/08/2007
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Can lessons be learned from Tevatron?

e Major Source
> 1t Dyy

e Fake rate measured in .
similar way to electrons

= Prompt photons need to
be removed

CDF E, (y) >7 GaV
DY E,(y) =8 GeV

AR =07
v 1<1.1
Cal & trk-iso

Ma ximum
Detector

> Rates from different jet 8 ietosy fake rate
samples are compared -{5-_ |
for systematic o2 . ||
= If jets are E;-ordered, find | b
rate is different for 1st, 1N 0.06% }1 }
24 and lower E; jets ol | *EMLTWWTWTH: |
e Rates ~ 5x10-4 for high E- L, AN, SR &l A I 1

Jet Et (GeV)
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Photon ID in ATLAS

Jet background composition

o e
(true photons removed-quark brem,..) o5t ! d,,IfmST <!:3)s M. -
after “general” calorimeter cuts: g ™ 8 om
B 03 B o0z
% 02i %0.15;
« Isolated » n© 72% § b § o1
n—-vy, ® =»>ynd KS— 2rn%  13% 'OE & Lﬁ o= EI LN
« multi » O 4% ° sripnumber ® sipnumber
electron 4% oar :
single charged hadron 4% o3 oo o &8 mm
. > = > F
single neutral hadron 1% & ot 8 2
Others 2% ? 0.2F ?0'15;
g_ 0.15F g_ 0.1F
% o1 @ 005
0.05F Ut
ozw*——""fww“—‘*‘ 0
5 10 15 20 5 10 15 20
strip number strip number

*Further rejection of n° can be obtained exploiting the fine granularity of
the first sampling (6n=.003 or 5mm).The two photons of a 60 GeV E+

symmetric 0 decay are separated by >7mm at the calorimeter facel!
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Photon ID in ATLAS (2)

4

-

Rejection, cuts on the strips

2 -

+++ + T

Single ° dominated
Monte Carlo jets

+

THH

T Y N R B
020 30

46 50 80 e
E(pi0) (GeV)

65 Test beam
s
E e g
g% T+
D 3F —t
2 L
2 e B 2 photons superimposed
8 with total E=50 GeV and
1F distance like n° decay
D‘--|||||||I||||I||||I||||

¢ 01 02 03 04 05

min(E,,.E ,/E, (GeV)

Overall jet rejection obtained in MC:

-1050 for quark jets
-6000 for gluon jets

D. Froidevaux, CERN

—Ultimate performance process dependent!
(probability of a high x isolated n0 is higher in a quark jet than in a gluon jet)

45  Hadron Collider Physics Summer School, CERN, 11/08/2007 to 14/08/2007



SM H— vy

Rejection of QCD jet background

l
™0 40 =) =0

ATLAS EM calo :
full simulation

€, =80%

Most rejection from longitudinal calo
segmentation and 4 mm 1)-strips in first
compartment (y/ ©° separation)
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Towards the complete experiment:
ATLAS combined test beam 2004

Full « vertical slice » of ATLAS tested on CERN H8 beam line May-November 2004

ST _ % 90 million events collected
L T #% 4.6 Thytes of data
| = % Beams:
-e,t 1250 GeV
«W,t,p — 350GeV
=Y ~20-100 GeV
#Bfrom0—-14T

"% | For the first time, all Atlas
[ sub-detectors integrated
and run together with:

- | - «final » electronics

- [ -common DAQ

- | -common Atlas software to
analyse the data

First experience with:

Inner Detector alignment

ID/Calo alignment

ID/Calo track matching

ID/Calo combined reconstruction
ID/muon combined reconstruction
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e/rt separation using the barrel TRT and LAr EM
calorimeter with mixed e/rn low-energy beams

Electron identification makes use of the large energy depositions
due to the fransition radiation (X-rays) when they traverse the radiators

Results from TB 2002
@20 GeV

R 20-GeV electrons
— beam-test data

10

—
o
o
;

Probability (10 keV ")

w

20-GeV pions
— beam-test data
A Monte-Carlo simulation

—_
o

Results from CTB2004

* Monte-Carlo simulation

o 1 2 3 4 5 6 7
Energy deposition (keV)

Typical TR photon energy

depositions in the TRT are 8-10 keV

Pions deposit about 2 keV

D. Froidevaux, CERN

0.95 1
ELECTRON EFFICIENCY

90% electron efficiency
2x10-2 pion efficiency
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Topological clusterisation for photon runs

S-3

0.2

-0.1

0.1
(1] iz}
1

L
0.45

1 1 1
0.5 0.55 0.6 .

==k

:Unconverted photo

Of5s oa

045

05 055 06

Parameters for the EM

portion only:

vi—wis—os—o—os—B | E Seed Threshold > 66

Neighbour Threshold > 36
N 5 Cell Threshold > 30

-002.35 0.I4

1 | 1
0.5 0.55 0.6

=

P35 o2

0.45

0.5 055 06

Converted photon
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Matching tracks to clusters

Photon Run 2102857 event # 88

ATLAS Atlantis Event: JiveXML_2102857_ 00088

Primary Electron

)7 t0 14/08/2007



Electrons and photons in ATLAS/CMS:

conclusions

wf e | ] W i Wi W i W i I

challenging and exciting task (harsher environment
than at Tevatron, larger QCD backgrounds, more
material in trackers)

But LHC detectors are better in many respects!
Software is on its way to meet the challenge!

Huge effort in terms of understanding performance
of detectors as installed ahead of us (calibration of
calorimeters and alignment of trackers, material
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