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Some Processes of Interest:

Particle I1D: Motivat

« Background Fermilab  SSC

*W-lV (oxb.f.=22nb for l1=e,U, or 1)

«Z—ll (oxb.f.=2nb for I=e,u, or 1)
‘H, cov—ZZ—4l, oxb.f.~3fb (for \

]

¢ H120GeV%W G~98fb

«New Physics: hard lepton, photon
(Z -1, etc.)

° o (e ° . . 1 pb B My = 1':"'5"::9"#"
Good Particle Identification is Crucial! o, o
B m_,.=1TaV
N ’ a Higgs |
At start-up expect Vs=10TeV: T Ren et ,
A | | |
~30% less 51gnal events 0.001 0.01 0.1 1.0 10 100

- CERN LHC
— Total cross-section ~70mb O (proton-proton) v i ¢ i

— QCD di-jet ~ a few mb
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Need large luminosity and efficient
background rgection to see Iinteresting — G5 (mg = 500 GeV)
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signal events: o\ ¢

=175 GeV
mmp e
8]

Vs TeV
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Use early data for commissioning
and calibration of the detector in
situ with well-known physics Parameter Phase A
samples k. / no. bunches 43-156
Low luminosity (103! vs 1033cm=2s™) _

Bunch spacing (ns) 2021-566

— Limit EW samples statistics (rate <1Hz
vs ~50Hz): Z—ee/ULL/TT and W—e/LV N (10" protons) 0.4-0.9

— Give access to other lower p; samples:

Crossing angle (mrad) 0]
o J/Y(Y)—ee/UU, b,c—e
*/ * 2
° W%TV ’\/(B B nom)
Triggers are crucial for low py o (i, URdess)) 32
SampleS: £ (cm2s) 6x1030-1032
— Events not selected by trigger are lost Year ? (Oct schedule) T
forever!

[rdt? (my guess) 10-100 pb!

— Need ~104 reduction for events to tape:
PID is going to be used in the triggers too!
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Example of low luminosi
electronsin ATL

Threshold for ee | | Threshold for single e

P e ——

ST : |
o 10 : J/y ~230k %
= s Y ~45 =
= 10° =
S i =
5 10 E
B 41 -
310

103

y ' ;
10 Z—ee ~50k
107 . |
10 107

access to lower thresholds and higher statistics of
J/y,Y —ee decays needed for understanding o
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Electron/P
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Inner Detector Tr

« 3 layers of Pixel Detector :h HIEe=== ': iy 2
* 4+6 layers of Silicon-Strip Tracker (SST) o] 20 T,; i }}?%?;E%Ei i TE;
*41 Solenoidal magnetlc field ﬁiﬁ || :| | |'1| 'I:| :H| :!:H: TR S :!::F' 3: :: J |:I' LI

| + Material ~0.4-1.8 X, RN = T

-2600 -2200 1800 -1400 -1000 -500 -200 200 600 1000 1400 TRO0 2200 2600
z (mm)

_

r'R=1082 mm

« 3 layers of Pixel Detector
« 4 layers of Semi-Conductor Tracker (SCT)

« 73-layer Transition Radiation Detector
(TRT) [only within |n|<2.0, provides PID!]

TRT
L electrons cause large energy depositions
R=514 mm due to the tran
T + oT Solenoidal ; °== v+ :
R =209 mm : , magnetic ﬁEld c‘éﬁ 0185  © Pions =
- 5 016E =
S e Material S 0.4 Muons =
® 0128 © Electrons 3
~ [R=1225mm Pixels ~O-5'2-4X0 ﬁ 0,12_ _i
o {8 ATLAS -
R=0 mm‘ 0.06E E
0.04 =
0.02F —
ol v vnd vl il il =
10 102 10° 104 10°

Lorentz gamma factor
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e crystal calorimeter 75848 PbWo,

W
3

l‘%‘&\ *

T
u}i'}f:\\

e size NxOxdepth~0.0174x0.0174x25.8X,,

e 6;/E= 2.8%/NE®124MeV/E®0.26%
e linearity <0.5%
e coverage |n|<3.0

@)

7\
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 Accordion-shaped Lead LAr
« 3 longitudinal layers at |n|<2.5

e 0;/E=10%/NE®24.5%/E®0.7%
- shower direction Gg~50mrad/VE
e linearity < 0.5% up to 300GeV

Towers in Samﬁp]ing 3

AgpxAn = 0.0245

.05

quare towers in
Sampling 2




Electron and Photon Reco
Calorimeter-based reconstruction

— Used for photons and electrons
— Photons do not match any track or match a con

Electrons need to have a loose track mate
energy vs momentum

— Bremsstrahlung recovery is part of default elect
various algorithms exist in ATLAS

Soft-electrons (low-p; and electrons in jets
Inner Detector tracks to the calorimeter

General requirements for e/y ID:

Trigger efficiency

Understanding of detector (alignment, material)
ECAL calibration

Tracker momentum measurement

Difficult PID: e/jet ~ 1075 at 40GeV

Tetiana Berger-Hryn'ova, HCP 2008




1.5% energy
resol. (all y) CMS.:
0.8%
energy resol.
(e, ~ 70%)

Electrons at 50
GeV ATLAS: 1.5-

CMS: ~ 2.0%
energy resol.

and tracker)
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ATLAS/CMS: from desig
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Similar electron and photon performan
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ATLAS Electron and Pho

* Updated results from CMS are e

@ Photon Performance

— Selection efficiency with isolation ~85%
— Jet rejection factor ~5000 (before isolatio

Selection cuts Ly =25 GeV Ly =40 GeV

Quark jets| Gluon jets |Quark jets| Gluon jets

Betore 1sclation| 1770£50 | 15000+700 [1610£100(15000£1600

After isolation |2760+100|27500+£2000{29004-240]28000+4000

« Electron Performance

Cuts Er > 17 GeV
Efficiency (%o) Jet rejection
Z — ee b.c—e
Loose 87.97 £ 0.05 [ 50.8 £ 0.5 567 £ 1
Medum 7729 £ 0.06 | 30.7 £ 0.5 2184 £ 7
Tight (TRT.) | 61.66 + 0.07 | 22.5 £ 04 | (8.9 + 0.2)10%

@ To go further

— Multivariate methods: improve rejecti
efficiency, or gain of ~4-8% in efficie

Tetiana Berger-Hryn'ova,




Photon Conversion
e Outward/Inward seed/ track

finding is crucial for conversions § F
—New TRT stand-alone tracking % o
implemented in ATLAS 5 F ]
. £ 04 ]
« Conversion Types I ]
—Double: Pairs of opposite charge & G'Sg :
tracks fitted to common vertex 02F E
—Single: asymmetric with soft U i E
electron lost or two tracks merged N3 A -

L 1 1 I 1 L L I 1 1 L I L L L I L L 1
200 400 800 800 1000 1

00
e Determined photon direction Radius (mm)
helps to flnd prlmary vertex 1
Dl g ATAS o E T L
Wy +++1L ++ ++¥++{~+HH ,’% Tt . 4 3
MWL "I"H ‘§ o8 / 35 GeV y with
ik e "1 B8 °°F  2tracks 2 tracks &
0.4f Eﬁ'rgle-t'nd-;-:{umemmr:a 20 GeV Y- g 2:: 1 track 3 hl’ES /track
,}_2:_ _ r _: E 0.25—_ o - \‘ - o m + E
[ LT : = lt:n.1fU ©.0.2.2.°
oFws T R, e T :7:8’ B T T e TR

Conversion radius (mm)

True conversion radius




Understanding of the

Photon conversions
used both in ATLAS
and CMS

e use m°—Yyy from
minbias events

«~10% minbias events
for 1% uncertainty

Results from ATLAS
study with “distorted
material” simulation

300k minbias events
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n
ATLAS:

 2"d sampling E; in minbias
events

— 2M events ~ 1 day of data-
taking

— sensitivity 20% extra material
In 0.1X0.1 regions

« 1t sampling energy deposit
(W/Z)

CMS:

« E/p distribution

e Use of the bremsstrahlung
fraction for electron tracks:

— <X/X >~In(1-f, ..

" Understanding of the Mate

] s L
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Main Calibration S

« These samples will be seen early : #  CMS Preliminary -
« Fairly simple selections i VLo i
« For Z robust analysis is planned in the
beginning (without tracker)

, Signal+Background —

Z—ee ~40Kk events in 100pb™!

< T T |
8 Tl v 3
= F Y ATLAS 1
c - ]
3107 £ «s_ Minimum bias E
E F TeeT e e ]
2 7 * *+’+"'+*+ o
6 _2 L + T
107€ electro
10°E
- Y(1S) | Drell-Yan
10* 230Kk
0 5 10 15 20 25 30 35 40
M., (GeV)
H}‘ Tetiana Berger-Hryn'ova, HCP




I

» 1

Constant term

Z(J/y)—ee calibration

Mass constraint to correct residual long—ra

ITn ATT AQ intar-calihr Q'I'a ]an'n lacally 11n1
111 L)L 103, 111LTL cailprate ar g 1vlaily uilii

— assuming ID material is known to a good a
— ~30k Z—ee events achieve uniformity of ~
— ~200k J/y—ee events for 0.6%

— two samples provide cross-check of calibrat
calorimeter

In CMS, local crystal to crystal response is

— Use single jet triggers to inter-calibrate () ri
hours of full trigger bandwidth to reach 2-3

— Need 2fb* to reach 0.6% uniformity: this is

Integrated luminosity (pt™)

0 U_DE LI [ N R B B B B L B S:"I'm u]um,i%ﬁ;i
DI — "‘ﬂ : I'llﬂﬂl 150 EUU 250 Eﬂﬂ E"‘U' : bg 0 018_— Bl COD1MB640 0026
0016 - fh’]f_: ook CMS E
0014} p.t 3 0014 ; -
0.012 | . = 0.012 5\+ -]» 2fb- —j
001k [gc-al respanse L uniformity: 0. ?“f:] 0ol \ i -
0.008 | * = 0.008] =
0.006 ¢ . - = 0.006[ + }m—-#——h E
' i * 7 T F T
0.004 - N 0.004 | .
0.002 |- = 0.002 =
n i TR | P P 1 L ] x1 []a 0 o b b e b e b s by v b ey g by g Tl

0 20 A0 80 80 100 100 150 200 250 300 350 400 450

Number of 7—» ee everis Event Statistics
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2 Calorimeter-ID inte
Inter-calibrate in small regions using

ATLAS Jets
preliminary W,Z—e

Events per 100 pb' per GeV
o)

I\IIIH| 1 IIIII|_|,| 1 I\IIIH| 1 IIIII|_|,| L

10° h
10 15 20 25 30 35
E, (GeV) thr
0.000 < T]ﬂ<_:)5‘£;1. n 005 cru
—_ 110ﬁ< r1<]-UG
&
E 3 ‘:2"‘ 3_?""1"" L | ':' M M | !
3 s F ~ |ECAL Endcaps|
L & 25¢ . 5
: s L CMS :
g 2 P ! 1
% c E é * ! 7fb
© S 15F . |
L ® " ¢ | ]
S & ¢ - ¢
Y 15 01 R B 0.5} | i =
SEL R R RN L obet
0 10 e = 16 17 18 19 2 21 22 23 24
HLT events per crystal n




Muon

Tetiana Berger-Hryn




@ Muon System D

Standalone muon spectrometer| DSt
in air-core toroid mnne

(minimize multiple scatterlng)

Monitored Drift—-Tube Chambers

10
toroigt-eal

ﬁ Bl N "

e

:::::

n=2.7

e Resolution

—Not limited by multiple
scattering

—Uniform in

 Accurate measurement of very
@on-uniform B field required

Tetiana Berger-Hryn'ova, H




< Muon System

Optical Alignment System (<35Uum
resolution)

Pseudorapidity coverage <2.7
Monitored Drift-Tube Chambers

toroigt-eal

ﬁ Bl N "

iﬂ =B 1

n=2.7

0 3 6 4

 Thin Gap Chambers (TGC)
 Resistive Plate Chambers (RPC)

High Resolution Trackin

 Cathode-Strip Chambers (CSC)
e Monitored Drift Tube (MDT)

Si)atial Resolution 8oum/MDT tube

Tetiana Berger-Hryn'ova, H

Fast Trigger Chambers (<10n

Laser

:::::

e Resi

Spatia




Expecteg_ Momentum RE

"4
Ap )i,

- - Muon system only ;;." - ——a-— Muon system only Main COl’ltI‘ibutiOHS tO
" russem  CMS T rursysem CMS standalone resolution:
1§— —-s-- Inner tracker only ) 15— —s—- Inner tracker only - (CMS / ATI_AS)
: 7 3 Y - Multiple Scattering in Muon
L e — Y System (low py)
S TS e e « Chamber resolution (high p)
P : e (ATLAS only)
// - « Energy loss fluctuations
Wb - 0<n=08 e hahRREaN < Chamber Alignment
D e T,
p, [GeVic] p; [GeVic]
F o net ATLAS & iof wov ATLAS & Combined ID/Muon
g Bf— s Stand-alone —f g Bf_a » Stand-alone L f reconStruCtion needed
Gt ecomomed A ¢ comined BER | for optimal resolution
- : * S 5 in CMS
2:—|:| - 2= . .
resolutions: -p = 10GeVand n = 2 2.4% (6.4%) 2.0% (11%)
[numbers are old, but -p = 100 GeV and n =0 2.6% (3.1%) I.2% (9%)
show the main trends] -p = 100 GeVandn = 2 219 (3.1%) 1.7% (18%)
Annu. Rev. Nucl. Part. Sci. P = 1000 GeV and n= 0 10.4% “,Q-_S %) 4.5% (.1 q%)
@ 2006.56:375-440 -p = 1000GeVandn =2 | 44% (4.6%) 7.0% (35%)




o |
8 trigger chambers
= ™,
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 Define Region of
Activity (RoA)

e Reconstruct local
straight segment in RoA|

« Combine local segments

 Perform global fit in
muon system

o Add Inner Detector
Information

@)

7\

& 1 R g oy
§ WA ? 'tg g
'50.98—F 7 E 20.
I f 5
0.961 .
N Standalone
0ok . Muons th 1D
’ . — up,=10Gevic =10 GeVie
0'5: ) p_l_ = 50 GeVic =50 GeWic
0.88: _____ W gy = 100 Gevic =100 Gevic
0.86F —g-- 1 P =500 GeVie =500 Ge\ic
0,34: — -1 pp = 1000 GeVict CMS - 0.84: -a- WP, =1000 GeWiey— CMS —
0.82F - 0.82F -
B | B !
0875 0.5 1 15 2 |2i5 0.8% 05 1 15 2 lzis
Ul n
g11""|""|""|""|""|"; o T R AL
3 = e WW_: 3 r LI R L LR L E LT
2 05" " TR Y g [ nEoseRRes :
w e ¥ p=100Gev ' 3§ W o 3 .
0.8F & = - .
Eé i r _
0.7 i = 08¢ + All .
F i 3 i = Stand-alone 7]
0.65 = T, { o Combined ]
2 = Al ] T ]
05 » Stand-alone ? = {12_ *3 7
up comes ATLAS 1, ATLAS
e T T CL- | N I T T
03 05 1 15 2 25 %
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Signal efficiencies are
CMS muon system [
perfa

Combined ID/Muon reconstruction important
for efficiency improvement in ATLAS




Sources of low invariant mass di-muons
10

1/y  ATLAS

Y

107

5 & T B 8

1m0 11 12
Mass (GaV)

Dilepton resonances (mostly Z) sensitive
to:

« Tracker-spectrometer misalignment
 Uncertainties on Magnetic field
« Detector momentum scale

« Width is sensitive to muon momentum
resolution

J/y and Z Cross-checks between samples

Main Calibration

These

Ev
J/

N =

1200

Events / GeV
=
8

600

400

200

T I T T
[~ Mean = 9087 + 0,02
[~ Width = 2.74 + 0.08
Mean = @070 + 0.05
Width = 5.1+ 0.4
Mean = 91.00 + 0,03
- Width = .76 + 0.08
— Mean = 90.81 + 003
- Width = .77 + 0.08

—

—
—
—

CMS Preliminary

Mormmal conditions
Tracker misalignead
Muon System misalignad
B distorted

| | | | |
I [N A [ Y (N N S (Y [N N N |

86

94 96
ML) [GeV]



@ First Cosmics

~ 170k good cosmic muons collected « Use 25
with EM calorimeter used for this Test an
study (rate in ATLAS cavern is O[10 Challe
Hz]) — can record ~ 10°events before _B
collisions start ,
m enough to check part of calibration * A Sceit
vs 1 to 0.5% in best exposed modules - Standa
e Full tri
o Testp
ATLAS preliminary ;E‘ 2.0 —* CMSMTCC data
g F —L c Simulaton = | - L3+C(2004) R(p) = —4——
: o o | - Rastinetal (1984) f‘!.”_ (p)
0l —e— Commissioning data © |+ Baxendale et al. (1975)
: | o | |
“E Reconstructed muon 2 15k ‘
- spectrum from cosmics St

data and simulation in
barrel EM calorimeter

E-scale understood 1.0

00 200 30 400 500 600 700 B00 — 900 10 102 10°

CMS NOTE-2008/016 P [GeV]
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| Efficiency extraction frc

«Tag& probe Method
[\ efflgciencies:

— Single trigger for ur
— Simple object on th

— Determine the effic
7. mass window

«Agrees well with trut
— Electron trigger e
— Muon efficiency see
«MC to go from e—y il
— Z—uuy photon effic

Probe electron

——————-—.

aﬁ C T T L T ] a, |||||||| T T 1T T 1.:_!.-10.1:"|"'|"'|"'|"'|"'|"'|'_"|':
= | o I == = I N R ® Mointe Carlo truth 1 So09E Stand-alone reconstruction 3
_% - T SO 1 L TP .g 105k o L ATLAS | SYUSg 3
0 C ' 3 Lo —mTay & Protye rriethigd 79 F 3
= 0951 - E 3 ] 0.08F, rz7 ]
W CMS Preliminary 4§ ™ 7 L] ] 50 o7k A%uu ATLAS | 3
0.95 . 1L LLLL EF° E
C 7 1 BO.06F e . o
- Z-uu g ] L Efficiency in 3
0.85_ [ e o3 005 E
: ] S S 004 320 NX¢O 3
0.8 -+ Tag & Prob B 3 . 3
E ag & Probe E 0o - 0'035 I‘eglons. E
075 —— MC Truth - i 0.02¢ E

C ] l 0.01
0.7_ 1 1 I — N — L1 | I — | - L] 0-85 | Stand_a|0ne recons.tru -Ltion ] E| vl by b b by v B 1
0 20 40 60 80 100 120 [ 1 |- 1 1 1 1 1 1 11 1 i 1 L1 1 1 |- 1 ] 2[] 4[] 60 80 1[]0 120 14{] 160
P 20 30 40 50 80 70 Integrated Luminosity [pb™ ]

P, [GeV]




Tau F

...will show only

Tetiana Berger-Hryn'




Tau character
e Heavy Lepton: m=1.78GeV

— Decay Length: ct ~= 87mm

— Decays into leptons and hadrons

\ / %
hdi

muon ID

/ |
electron ID

1-prong: 77%
N

2552
.

Hadronic t
decays: 65%

3-prong: 23%

\

— Produces t-jet

« Main backgrounds for taus
— QCD jets
— Electron that shower late or with
strong bremstrahlung

- — Muons interacting in the
M calorimeter

T decay

Tetiana Berger-Hryn'ova, HC




ATLAS tau reconstruction/p

Calo-based (tauRec)

« Start from Clusters/Jets with E;>10 GeV
or Isolated Track >0.5GeV

...merged for optimal tau
reconstruction...
Tau identification (MVA)

« Associates tracks to candidate in AR<0.3 performed

« Calibrate candidate energy using

" ) ; lori 5 10° g | | RARRERRRRE RARN-
Information rrom calorimeters 5 f —o— 1-prong,E_=10-30 GeV ]
-§- L —a— 1-prong, ET =30-60GeV A
) 10°E ---e--- 3-prong, E_=10-30 GeV E
Track-based (taU1P3P) - ...m--- 3-prong, E: =30-60GeV 7
« Seeds: good quality tracks (p; > 6 GeV) ok i
. . . : Track-based 1
« Associates tracks to candidate in AR<0.2 f -
« E; determined using energy flow method 10°F i E
: i : ATLAS i

« Reconstructs n° subclusters with L .
070470203 04 05 06 07 08 09 1

dedicated topological clustering
_ Typical jet rejections at 30% efficiency for the tw

Efficienc

Alzorithm Er =10-30 GeV | Ey = 30-60 GeV | Ey =60-100 GeV | Ey > 100 GeV

Track-based lp: 740 £ 70 lp: 1030 £ 160

incural nctwork) Jp: 590 L 50 Jp: 590 L 70

Calo-based lp: 1130 £ 50 lp: 2240 £ 140 | 1p: 4370 £ 280
Ap: 187 £ 3 3p: 310 £ 7 3p: 423 £ 8

(likelihood)
2

Tetiana Berger-Hryn'ova, HCP 2008




Track multiplicit

n&

e A handle to control

« Evidence for T obse
Need to balance efficiency between single

3 1 EI ! | S | et | e I L I LR I e | e I LI L I ! IE }‘ 1 :l 1 I LI | LN B | I LI | LI I LI | LA I LI I LI I LI I T I:
E 0'95_ ATLAS —*— Reconstruction _§ % 0 9;_ ATLAS —*— Reconstruction _;
s 0.8 ---@--= |dentification with cuts o 608F ---9--- |dentification with cuts E
a = = a - ]
T % |dentification with NN ] o7g %- |dentification with NN E
0.6 {9— E 0.6f =
05 ;_ ZortrT _; 05 i_ o QCD jets _i
0.4 E, > 20 GeV - 0.4f E E, > 20 GeV -
03 | | _ = 0.3F =
02f signal - 02F backgd 1
01;_ o - b —; u-';— —— _;
D‘_r||||||| A T D;IIII |||IIIII'JJ*[[-II oy P INETENIRE INRNRNERE O :

0 1 2 3 4 5 6 7 8 9 0 3 4 5 6 7 8 9
Track multiplicity Track multiplicity

Once tau identification well understood,
Optimisation for discoveries may become
inclusive i.e. optimise S/B (favour single-p

Tetiana Berger-Hryn'ova,




m\l‘

Tau Trigger S

v Tau physics can be done without tau trigge
v" Leptonic tau decays are triggered with lept
v' Triggering on hadronic tau decays is diffic
v huge QCD background, high occupancy in
v" Difficult not to bias track multiplicity spect
v' Intensive effort in ATLAS to develop algori

v Tau Trigger configuration
v" high thresholds alone (E*;>60GeV),
v" lower thresholds in combination with othe
v" Increases dicovery potential for many phy
the only trigger
v' W—1v trigger (single tau + E™iss) only acc
v" Higgs in fully hadronic tau decays

ATLAS Trigger System
L1: (hardware) 40MHz->75kHz (2.5mS)
L2: (software) 75kHz->2kHz (40ms)
EF: (software) 2kHz -> 100 Hz (4S)
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W-o1v events with 1

600 preliminary

- S/B 1s 10 times worse at
LLHC than at TeVatron o

200

« The most abundant source of N
taus in SM processes. 8 = E
« Triggered on single tau + greer _— E
EMISS: only accessible at 10311 9 E
e Dominant bgd from QCD jets ™ ATLAS E

« W—ev important background,
but also excellent control
channel.

« Main tau signature: | Events for 100pb™
Observe excess of events| in pp collisions
in the track multiplicity | Trigger
spectrum of identified
taus.
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Offline selection
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Z —11 events (lep-hac

« 10 times smaller cross-section than

W—TV but more interesting topology

» Triggered on single lepton.
 same-sign events (almost signal free)
used to control bgd in opposite sign
events (signal enriched).

 Observe excess of events in invariant
mass of visible decay products, then
reconstruct complete invariant mass
(collinear approximation).

With statistical uncertainty only

from visible mass determine precision
- T energy scale: £ 3% (visible T energy)
- cross-section: + 6%
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Expected events in 100pb-1
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In 100 pb -1
in the mass bin (66-116 GeV)

209 signal evts
16 backgds evts OS (B = 8%5)
26 backgds evts SS
S//B=50

ETMiss scale
precision:

3% with only
stat errors

8% taking

Taking into account only statistical
taus are well calibrated. From Z invari
scale (additional selection, colli
z F '
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Note: E;Miss scale more easily understood with W—e/

ETmiss scale
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into account

systematics,
fit stability,




Conclusion

 Particle Identification is crucia
discovery program

« Lower expected luminosities o
allow access to abundant phys
investigated by PID communit

« Both ATLAS & CMS have vario
to commission particle ID usin

« Both experiments are ready to
seeing new and interesting ph

at LHC
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