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Detector pictures
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CDF detector w

Muon Chambers  Tracking system

Hadronic
Calorimeter

Central tracker | |n|<1.0,R~1.4m

Si tracker Inl<2.0

n=-In(tan g)

==+ Muon system

f”j Drift chamber/ Scintillator

In| £ 1.5 (CMU/CMP, CMX, BMU)
— # of layers: 4/4, 8, 4

 EM calorimeter

Solenoid . Scintillator/lead
(1.4T) Silicon
(7-8 layers) 0.11x0.26(nx¢)
~20 radiation length
COT Position detector(Strip and wires) at shower max
96 layers (4Ax/4St superlayers)
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DO detector

* Tracking system

2T Solenoid

Fiber Tracker(16 layers) Central tracker | |n|<1.7, R~0.5m

Silicon p-strip Tracker _ Si tracker In| <3.0
Preshowers (barrels(4 Layers), disks inserted)
Forward Muon

wy Tracking+Trigger * Muon system
\ A | Drift tube/ Scintillator

In| < 2 (central, forward)

_ 3 layers of tubes( 3-4 planes/layer)
£ Toroid between layer 1 and 2

 EM calorimeter

Liquid Argon/Uranium

Beamline

ShiE!ding 0.1x0.1 (nx9)
L ~20 radiation length
bt 20 m S intillati '
<o Central Muon = J Preshow: Scintillating strips
Scintillators : s

Shower max:3'4 layer (0.05 x 0.05)
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Identify leptons

» Extremely important for the Tevatron experiments
v used in most analysis: top, EWK, Higgs, New Physics
* Identified by using the interaction with materials

Characteristics property
Electron Mainly Calorimeter cluster+tracking i
bremsstrahlung JeurrCn g Fl:gf‘ll
Muon Minimum E loss Muon stub hits+tracking
photon E loss though Calorimeter cluster+No track
conversion matching

* Goal
* High ID efficiency
v'Get more events of interests.
» |_ow fake rate
v Improve the sensitivity of findings.
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eElectron
v’ Cluster towers

Lepton Reconstruction

v’ Extrapolate track to the cluster
v'Reverse order in FWD region
v Apply ID cuts (discussed next...)
Muon
e Muon stub
» CDF:
» CMUP(CMU&CMP), CMX, BMU
* DO:
» Tight, medium, loose muon
» Measure local muon pT

D0 Top View

CEM Cluster

Note: Not to scale

» Match to track (3D)

*Photon
» same as electron but vetoing associated track

Xiaojian Zhang, May, 2006
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* Resonance samples (decay to di-e, di-p)

« Z, Upsilon, Jpsi provide ID ¢ vs a full range of Et/pt
 Put “tight” cut on the triggered leg

» Use the other leg as a probe (apply ID cuts)

* DY process
 important to isolation cut study
*Backgrounds

» Backgrounds under mass peak
 bbbar, ccbar, jet fakes in DY
* Remove converted electrons

«Special treatment for photon

Measure the ID efficiencies

%

Di-Electron Invariant Mass Spectrum

F CDF Run Il Preliminary
F 64374 Events

?ILdl=LO1m4

« Data

— Drell-Yan MC
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ID requirements

eBasic cut:

. . | eta efficiency I ﬂ
» Fiducial o S
e Muon: impact parameter, cosmic veto 1.02] ity
 Eletron: conversion removal 0.9;:++7:7; A BT
elsolation cut o.06
v'CDF: ET(R<0.4)/Et(I) 0.9
0,92
v'D0: ET(R=0.2-0.4)/ET(R<0.4) o =2
-1 -0.8-0.6-0.4-0.2 0O 0.2 0.4 0.6 0.8 1

v'Very good at electron fake from jets

ID cuts . _

v'"Muon 1{_ .-"'—'-———'_"'"' r
v'Calorimeter Energy deposition (EM,HAD) o8 | %--'- T
v'Track matching variable 3D (AX, A z) wel

v Eletron :
e e
v'Shower shape °r
v' Track matching gyt oo beoobongboongboog
v E/P Physics n

Detail of the ID efficiencies next...

Xiaojian Zhang, May, 2006 HCP2006: Lepton ID at Tevatron 8



High PT electron ID Efficiency (1) w

» Zee events from high pt e triggered dataset (Et > 18 GeV)

*Tight ID cuts at CDF
v 1s0<0.1
v Epap/Eey : <0.055+(0.00045%E)
v Lshr<0.2
v E/P: <2 (pT<50 GeV)
v" Track matching (AX*q, AZ)
v Conversion veto

» Background subtractions
v Same sign method in central region

v" Side band method in forward region
v due to large charge fake rate

—
T

1 1 -+
+'i"+-i- +'i'h+ Ni‘ + i'M-i- 'Hj -i-+ -+
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Tight ID Cuts
Loose ID Cuts

e
o

Electron Identification Efficiency
(=]
T :‘h T

o
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CDF Il Preliminary L=1 fo! -
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High PT Electron ID Efficiency (11)

[ Signal Efficiency vs Background Efficiency |
1

eLikelihood method at DO

Ea ek IS
* Replaces previous track matching method el
» To take advantage of more pieces of information oF
*Pre-selection .
« EM cluster (R =0.2) oF

e 150 < 0.15 | Sy

065 0.7 0.75 0.8 0.85 0.9 D.55 1
Sig Eff

sParameters in likelihood function

« EM-track matching y? (3D)

* H-Matrix: (longitudinal & lateral shape)

v2 based on 8 parameters “Loose” electrons

e f EM t IDefficiency DO
« ET/pT | S . N
» Distance Closest Approach :
* Distance in R to second closest track to cluster.

eﬂ?cienc

-o-data p17
—MC p17

*Other advanced technique:
*Neural Network: fairly confident of control samples
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High PT Muon ID w

o Zpu events from high pT p triggered sample
* VVery pure sample
* No bgd subtraction needed CDF Il Proliminary

 ID cuts
* |s0 < 0.1 (better to be pT dependent)
e B\ < 2+max(0,(p-100)*0.0115)
* E  \p < 6+max(0,(p-100)*0.0115)

=
o
o

(]
Q
L

80 A

70| ®cCcmMUP

Identification Efficiency [%]

» Matching to track: o] =omx
BMU
50 T
-1.5 -1 -0.5 0 0.5 1 1.5
| n
225=P;=30
¢5.0=P;=<6.0 l

Arbitrary Units

20-15-10 -5 0 5 10 15 20
dx [cm]
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Low and Medium ET Electron ID

[ Electron ID efficiency using JIPsi |

« Similar cuts as high Et electron £
« ID efficiency N
« Inclusive 8 GeV eletrons data -
 Reconstruct Jpsi (clean signal) L
« Background subtraction (conversion, SS) e D
« Boosted jpsi, not good for iso eff. study os— SLIEEIL ST
* Isolation efficiency pt

* Di-electron triggered data

* Select DY events, cut o
» Mee : always from resonance
dphi: separated di-electrons

« SS method to subtract background (bbbar, ccbar, etc) .

» One probe leg, the tag leg passes all ID cuts.

| Electron isolation efficiency using DY |

-

—III|III|III|III|III|
3 e

Efficiency

=
o

0.4
s Nvbe=1
Mytx=2
0.2 A
+ ¥ Mvbe=2
0 K 1 | 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1
10 20 30 40 50 60

EmEt (GeV)
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Low and Medium PT Muon ID

« Similar approach as done in the electron part E
supsilon events help too

o different ID cut values from high pT mu

*Had_E <3.5+pT/8
EM E<2

- e
6 7 8 9 10 1 12

13 14
n(uu) (GeV)
L1

1 1 E 1 e, e - o s 1

L T I LAt R s
0495 = R e e Y- 085 T,k ~0.95

B J 5 vl LF b g+
I + I T
09 -:-I'!- | II.'__:_ 0.9 a9 +T|:_ 0.9
fiy
085 T 0.8 085 0.85
0A 0.8 0A 0.8
{j 75 |MC CHLP sfickncy 0.7s 075 mcorceme uisomsy 0. 75
—— DY
(1] -
a7 T a.7 a7z a.7
oy T o B i el

0855 - = 0.8 QBE] - 17t Ot 0.65
a K]

a 10 20 an E 4] 50 &0 % 10 20 a0 40 50 8t

pT (G=V) pT
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Photon ID

o |D efficiency

Strategy: use e to simulate photon

Enan/Een : S@ame as electron 1D cut

N3D <1 (if N3D =1, pT<1+0.005*Et)

sum of track pT < 2+0.005*Et (0/4‘:@mj/'
cut on 2"d CES cluster energy

Many samples available in data

v conversion ; méth
v Zee:highpT

NN NN

Shower
Maximum
Detector

()

* Isolation efficiency needs special treatmer
v Discussed in next slide... :

iciency

|
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Eff

Overall efficiency
v Wy MC
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Photon Isolation Efficiency w

* No ideal resonance sample available

v 10, eta -> y y are not good
v’ soft photons

v" or di-photon two close to each other. @
e Hard to get pure photon sample . . °

v'has iso pre-requirement

» One approach used at CDF:
v*“Random Cone Method” 105
v'Throw random cone in n-¢ space in an event Isolation cut efficiency

i i (random cone method)
v/ assume a virtual y in the cone . 0+ & & 4
v randomly assign Et to the virtual photon
v" Apply isolation cut to the cone
0 Et_cone/Et_photon < 0.1
v Measured in Wenu, minbias, jet20 sample.
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Efficiency dependence

» Dependence on . N e
e pt, phi oz = =
 Eta (cause by tracking efficiency) 007:
 luminosity o7
» More Z vtx at higher luminosity sz

e Data
A MC

TS ITETEA I APA A EPETEAT IP AT AR I
30 35 40 45 50 55 60
muon P, (GeWc)

» \Worse isolation efficiency

e Corrections:

» CDF is studying the corrected isolation cut
(B30t —0.35- (N — 1)) /Pr < 0.1

- 1=
* Provide fitting function and convolute - |

- _g_—o——t——u—_?—
0.9_— =0 1 71 —h—
08— _+_—r—
D.?f—

@ ‘bl

06 - A Conecisd izal. cut

B gl
05t oo Lo b Lo o Lo o Locas L

Num. Vertices
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Scale Factors

Isolation Scale Factor

“o— 1.28
* Scale factor: S = gparaleyc ‘DO
» The detector simulation is never perfect 1.15
* Increase of broken channels as the experiments proceed 1.1
» Gain, timing shifts in electronics (monitoring them discus e

L 1

» Take into account of the difference between MC and DAT0.g58¢4 = ; %

- Apply to MC prediction asghlt o T ]
« Corrected acceptance: Acc_ MC*S 0.85 - 7 DeltaRiujen>05

« Correct the predicted backgrounds from MC 0755 20 60 80 100

« dependence on Et, eta Pt

» provide fit function and convolute

- The error of the Scale factor propagate to the final measurement.
serror on the scale factor enters final analysis result, )

e.g. 6-8% in ttbar cross-section E
8 14F Fit: 1 - p.x et
5 IS £1-p;
T L
SE
5 1 H@’*m B MWL
g L
- oo 4/ +
e @ Indf  32.93/25
- p0  0.1801+ 0.02407
0.7 + p1  0.5376+0.1209
Loev v v b v e v e e e L
0 10 20 30 40 50 60

Electron EmEt (GeV/c)
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Fake Electron/Muon

» Main source of background for low energy leptons
v'Jets can fake leptons (large cross-section!)
v'e: jets containing pion/eta/kaon
v'muon: penetration, decay in flight, detector cracks
v'Semileptonic decay form heavy flavor events
v'Conversion, penetration, DIF, etc.

» Lower fake rate lead to precision measurement
*Major systematic error in WW cross-section

*5.5% systematic error (out of 8.0% in acceptance)

5% systematic error in SUSY trilepton search —GBF I Prelimingry (825 p

33102 E « Data Bt
pos i Oww COwy ]
= - [Owz+zz []Drell-Yan
£ 10 | :tEﬁ_‘_I_ B W+jets
) :
> [
i |
10"
107

0 50 100 150 200 250
M, [GeV]
Xiaojian Zhang, May, 2006 HCP2006: Lepton ID at Tevatron 18




Fake Electron w

.Fake defl nltlon Incorrect Side  Correct Side
« fake rate per jet oA
o i i seed / \/\ partner
» measured in jet samples (j20, j50, etc) cluster — ~ cluster
» denominator: # of jets (with Et/eta cut, depending on region.) - 5“_/ e+
* numerator: electron that passes lepton ID cuts (DR< 0.4)
\\ photon

» ~1in 10,000 tight jets
e Identify conversion and removal
» CES cluster at “correct side”, 2 phi wedge away
» close distance between the two tracks in transverse plane
» Dxy < 0.1/0.2 (tight/loose)
» close distance in z of the two cluster

*Acot(6) < 0.02/0.04
» removal efficiency: ~70% - 85% depending on cuts

I'j.;

AERRE3E

-
|——ie—

—

oE_ AR ra I AR AR T Sl el oF ;
0 5 10 15 20 25 30 35 40 45 50
Et'GeV
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Fake Muon

. B |:||c1l.'.l'1
*Measured in Jet sample 1 — gl
 Fake rate per track in the jet o165 .
e ~ 2 per 1000 tracks. u.14'E|:_ 5 _jettoo
*Muon o1zt
. 0.1—
edenominator: Coab
» Track passing quality cut. “'"Er
» Fiducial to sub-detector, oosf-
* E/P <1 remove e contamination, iSO cut oezE
*Numerator L1
* Muon stub matched to track
CMX muon Pt
|:|_21:1CI'1
8 02¢
So18 * jef20 =
Enw:— o jet50
Uk = |et70
0145 O jet100
u.1zf—
01F-
u.u4€
u.uz?-

Xiaojian Zhang, May, 2006 HCP2006: Lepton ID at Tevatron 20



Fake Photon

*Fake sources
o Jet fakes photon (per jet)
» electron fakes photon
* missing track, bre
 from cosmic
* beam halo dominate fakes in FD

*Fake rate largely depends on Et
 Due to the sum trk pt cut
*EM timing system 3

* reject cosmic and beam halo
* real photon has timing variable from 0-20

/Px"
T T I*Illll

-2
|

Prruc X 1000

fit to P e X 1000

Max Error P qgye x 1000
Min Error P 45z x 1000

=]

0 1

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII 1l 11—
0 20 30 40 50 60 70 80 90 100
Jet Et (GeV)

Beam Halo + Gosmics The e— fake rate in MC Z/y events as function of E, |
e e @ LI B e e e T
i} i : = , AL
. R S s o 0'03: Bremsstrahlung & collinear FSR Prob 0.
: .| Underflow 21 o = Phoenlix rejection po -2.057 +(
© 0.025 p1 -0.08429 + 0.0
0%k yoyadow = - p2  0.001605 £0.00
= : : Pyt PiEs a
£ | fit function: & * " +p, B
B 0.4510.02% fake rate at E;=45 GeV 7
10® 0.015[ - -]
1 0.01— =
105 E J
“he 0005 E
D: |5 g5 ga i 11
20 80

witfe ol ol
80 100 120

U E [, . P
80 40 20 0. 20 6
Photon+MET tata with no?rac‘i(sn me (ns)
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Calibration

e Momentum scale

« Understand materials in tracking volume = ! ﬁ H $.= (1000522 0.00025)
o Utilize radiative tail of E/P from electrons T l idof = 2416
» Gives average material distribtion L | l l
« Use muon track to estimate type of material T ‘m_%
» X-ray detector w/ gamma conversion Z ! R"“‘*M--M

- Energy Calibration R R S
* next slide... P e Feadien ) —

20
15

10
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Energy Calibration w

. E/P peak Is heavily used at CDF (e = ov0e2]
v 8 GeV inclusive electron data s I !
1.1 , il 1!
v" Offline correction factor tower by tower @. i i u,;%!' NI
1 ‘}ﬁ %;‘%EJ ihl i ,: ) f!;ﬁT .
« W — ev events a_gﬂ“ T *“"ﬂ*wwé
v’ Absolute energy scale 35_
« Finally calibrated with Zee peak T e e e e e e
v Energy resolution (width) ]
[ Fth iteration |
v’ cross-check of energy scale (mass) Nomtmoaeee
*Most important for precise W mass measurement ..
- iy 1%:%: el }l%% “lHIéHa =|={|Hn:.|= :}:aﬁ#lr -:1'= q
& 1500— +£{{ =) = 095
g A \ LK ool
e | W
* jooo[- +ifﬁ++ 1 R T
I wﬁ* :‘11“ Tower number
[ ' CDF Run Il Preliminary 4
500(— ﬂar %
::r y*/dof = B4 /58 m‘m
¢ o
I I P
0 80 8‘0 S I 1LL"I‘-lZI(ZI
— m. (uv) (GeV)
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Calibration monitoring w

| EP.81,25rawvsrun |

LJ“

g

 Calorimeter system
* PMT gain changes: causing non-uniform in eta-phi
* Fine tuning CEM tower using E/P peak

Muon system
 Timing shift in the scintillator detector

Windowed E/P
e = B
8 &

-i
= o = B
-
S o 8 B
.~
o g T —
'%,_E_._
o
m——
-
——
“_,_—‘
ey —
—

1.005

|

i
"b’kl‘slc i
t ! ?ﬁ

)

-

0.995 |....l.,..|..,,|....l.,1,.|...x10’
» Gain change in the drift chamber calibration done at DO M MEY DI Number
*Monitoring continues over the duration of Rﬁv&l.

900 F ID 20
800 £ Entries 4213

E Mean 01717
700 3 RMS 0.5434
600, = X/ndt 8572 / 14
500 Constant 785.8
400 i_ Mean =0.1824
300 _ Sigma 0.5232
200 £
100 £

0 EI L1 L1 | L1 | L1 | | 1 | 1 |

| | | £ | 11 11 1 11 | £, | L 1
-0 8 6 -4 -2 0 2 4 6 8 10
LED Tirre (2005) — LED Time (2001), ns
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Conclusion

e Lepton ID is very important at in collider physics

» The identification method is well established
 Improvements in working progress

o |D efficiency around 80-90%
e Fake rate about 1 1n 1,000 —10,000

* Need good understanding of
 Detector material
* Minbias event
 VValuable experience for the coming LHC experiments.
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