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track reconstruction

* details on CMS silicon tracker given by Ettore earlier today
* this talk: tracker performance:

* track reconstruction

* vertex reconstruction

* b-jet tagging

¢ basics of track reconstruction in CMS:
final fit using Kalman

seeding from pixel hits Filter/Smoother

iterative

_) ( tracking _)

details next
slide)
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iterative tracking

siX iterations:
epropagate seed outwards and search for
new hits

eunambiguously assigned hits are removed
from the list
ofilter track collection to remove fakes or
bad tracks

repeat with remaining hits ———
differences in seeding: —
ofirst two iterations: pixel pairs or pixel -
triplets, p>0.9GeV
*third iteration: pixel triplets, low

momentum tracks %
*fourth iteration: pixel + strip layers as

seeds (find displaced tracks)
ofifth, sixth iterations: strip pairs (for tracks | —>=—<%

lacking pixel hits)
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photon conversions
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material budget

from photon conversions:

CMS Preliminary 2010,\/s=7TeV
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tracking efficiency

CMS PAS TRK-10-002
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momentum scale and resolution

. . CMS PAS TRK-10-004
using J/\D mass lineshape:

express functional form, depending on two-track kinematics,
gaussian resolution and momentum scale

CMS Preliminary (7 TeV, ~ 40 nb™)
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* unbinned maximum & s N

p—
resolution fitted on data

likelihood fit to observéd - .
Mass diStribUtion 0.04 — ——=—— resolution from MC truth _

——s=—— resolution fitted on MC

relevant effects:

¢ detector material
* misalighment

* magnetic field I e :

OllllllllIll[JIlllll}lllIllllllllllllll‘llllllli

2 15 -1 05 0 05 1 15 2
muon 1

Alexander Schmidt, Universitat Zurich Kruger2010 Dec 7th,2010 7



momentum scale and resolution

CMS PAS TRK-10-004
looking at Ks>Tt*1t" resonance (low pt tracks)

CMS Preliminary (7TeV, ~1 Onb')
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energy loss

hit cluster charge proportional to energy deposit:
->can calculate energy loss dE/dX along the trajectory from all hits
=>particle identification possible up to |GeV

Kaons Protons Deuterons

CMS PAS TRK-10-001
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PV reconstruction:

* select prompt tracks (wrt. Beamspot)

* “Adaptive Vertex Fitter”: weight tracks
according to compatibility with
common vertex
(outliers downweighted)

* z-separation>|cm (depends on pileup)

C\IS preliminary 2010 \s=7TeV
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primary vertex

CMS PAS TRK-10-005

I!IIII!IIII!IIIIIIII]
\LE_)/ . CMS prelimina}y 20095
~. 0.15F \'s=900 GeV
P B
e -
o 0.1
> .
g -
£ 0.05:
ol -
Of
-0.05}
_O 1—1 L1 [ ]
-0.05 O 005 01 015 02 025

3500

events / bir
w
(@)
(@)
(@)

prlmary vertex X (cm)

-~ Width: 39 mm

— CMS prellmlnary 2009

l[l

[ J

k=)
[y 40
L1 | |

\s 900 GeV -

(e

%W.l..l.lllllllll

20 =19 =10 =5

Kruger2010

0
primarv vertex z (cm)

Dec 7th,2010 10

5]

10 15 20



pri ma ry ve rtex CMS PAS TRK-10-005

CMS preliminary 2010 \Ns=7TeV

Alexander Schmidt, Universitat Zurich

Number of Tracks
KrugerZU |V
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impact parameter (IP)

track ’
. propa ate
Impact Parameter (IP) -, o PV
defined as distance Impact measured
Parameter/ “*--.__ tracks
between track and PV oy i
at their point of X+ * docay \engt™2- -~ B-hadron
| h ar! W
ertex K
C OseSt approac (PV) "' | .CN.IS. IPrellirnlmaErY 1201.0.. \:’§I=I7Tev, L=15nb"’
. . . '/ +||:)ata| l 1 | |"'|"'|"'|"'_
note:in the UR ||m|t, © 10°c sim.(ight) E

[]sim.(charm)

the IP is ~ Lorentz invariant,

while the decay Iength L is not éE, 0’ = [Jsim.(bottom) E
IP is important observable for | © i
b-jet tagging! e
E LS = :
: e T [
CMS PAS BTV-10-001 Ol L e

Track 3D IP value [cm]
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IP resolution

reconstructed
PV

data driven method for
tracks from primary vertex:

e reconstruct PV from all other tracks track to *zle
measure
¢ |P centered around zero
. . . CMS preliminary 2010 s =7TeV
e width of IP is convolution of i A I I A

100

- [P resolution
- PV resolution (known, see previous slides)
- displaced particles (small contribution)

90

80
° Data trackInl<0.4

70_ e Simulation trackInl<0.4 =

Transv.Impact Parameter Resolution (um

, 60" =

* extract IP resolution by fit of : E
convoluted gaussians I =
30f .I=.=L'_| —

- e —— - ]

20 =

CMS PAS TRK-10-005 10 e 0 12 14 16 18 20

Track p_ (GeV/c)
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l P rescl Uticn CMS PAS TRK-10-005
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b—reconstructlon

{CMS

at hadron colliders (LHC) B i —
b-hadrons are produced
inside of jets:

their lifetime (1.5ps) and
the Lorentz boost lead to
displaced decay vertices

inclusive:

look for displaced tracks and
vertices within jets (b-jet tagging)
exclusive:

full reconstruction of the B meson
four-vector using decays with

B>/ X with |/Q=>p

Alexander Schmidt, Universitat Zurich Kruger2010




exclusive example: B.2j/yp o-2u KK

candidate event display:

N
a1
o

Vs=7 TeV h [Ldt=39 pb”
CMS Preliminary

200

150

Events / ( 0.0225 GeV/c?)

100

,,f’! CMS Experiment at LHC, CERN

/  Data recorded: Sun Jul 4 01:33:41 20 S50 T )
Run/Event: 139364 / 20750462
Lumi section: 20

]
4 545 55 555 5.6
JIY® mass (GeV/c?)

goal: measure CP violation
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inclusive b-jet-tagging algorithms

b-tagging methods:

* Impact Parameter based b-
tagging:

- IP of one track in the jet
(“track counting”)
- or combination of all tracks in the jet
(“jet probability”)
* Secondary Vertex algorithms
e combined methods using
multivariate techniques
* (soft lepton tagging, mostly used

to calibrate the other methods)

need a clean track collection to exclude

fakes and badly reconstructed tracks
(details in backup slides)
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Impact Parameter

| st track IP value: IP significance = value/error
CMS Preliminary 2010, \s=7TeV, L=15nb " ] CMS Prellmlnary 2010 \s 7TeV L 15 nb &
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discrepancies in negative tail, when ordering tracks:

* reason is track multiplicity

* b-tagging algorithms use the positive part

1st track 3D IP value [cm]
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Secondary Vertex

CMS Preliminary 2010, \s=7TeV, L=15nb "

vertex search in a set of tracks
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Secondary Vertex

used in precision
measurement of inclusive
b-production cross-

section: CMS PAS BPH-10-009
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efficiency measurement: p¢"™

e relative momentum of muon wrt. the jet (p:®') is sensitive
to B decays because of high B mass

e use p® shape to fit fractions (fo) of b and light+c jets in
tagged and anti-tagged jets ftag tag

. . data b Vdata
e efficiency is calculated from: ¢, = —— - . :
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efficiency measurement: p.™

CMS Preliminary; \'s=7 TeV; L= 8.0 nb’"

CMS Preliminary; \s=7 TeV; L= 8.0 nb"

Jets

Data

Summed contribution
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SSVHET 0.127 + 0.017 | 0.1314 0.002 | 0.97+ 0.13+ 0.21 .
TCHPL 0.404 £ 0.018 | 0.444+ 0.003 | 0.91+ 0.04+ 0.19 systemauc
TCHPM 0.303 + 0.015 | 0.331+ 0.003 | 0.924 0.054 0.19
TCHPT 0.233 £ 0.014 | 0.2444 0.002 | 0.95 0.06+ 0.19 uncertainties
TCHEL 0.562 + 0.020 | 0.636+ 0.003 | 0.88= 0.034 0.19
TCHEM 0.455 + 0.016 | 0.494+ 0.003 | 0.924 0.034 0.20
TCHET 0.151 £ 0.015 | 0.150+ 0.002 | 1.014 0.104 0.19 CMS PAS BTV-10-001
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efficiency measurement: System8

method: three uncorrelated identification criteria combined:
|. working point of algorithm under study
2. cut on muon Pryel
3. presence of second b-tagged-jet (b-Quark pair production)
=> get system of 8 linear equations:

n

JL
n a8
pt ag
nu

I

P
_tag.mu
n -

tag.mu

p

—|— 8 unknowns n = number of jets with muons
@ @ P = as n, but require second tagged jet in the event

@ 1 *2..(.1 n®@e = (lifetime-) tagged jets with muons

“b “po H e v(1 “Pel v}a“_‘ (lifetime-) btagging efficiency

2 n™ = number of jets with muons passing PTrel cut
b Lel

,.11111 lllll
Po Y9, Pel .
@ 6 Kb, Kel, 0, 7y are correlation
_tag _mu _tag _mu y My vy Feel; 0,7

Rp)€y, vb ny +(Kej €, v(l Nl factors => need to be

_mu ag _mu determined on MC
ORky B¢ bb vb Py FVRel k,([ Eal Pel

needs large data samples, results expected soon
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4 mMmistag rate measurement
Method: |
the mistag rate is evaluated as Chnta = €data " Rlight
where €data is the negative tag rate in data and
Riight = €yjcr Y /€nc is the ratio between the light

flavour mlstag rate and negative tag rate of all jets in
the simulation

Riignt is sensitive to:

* fractions of b and ¢ in the negative tags (increase I?;;,x+)

* other displaced processes, K and A, material interactions
and mismeasured tracks (increase Ry; )

* residual differences between u,d,s-quark and gluon jets

* angular resolutions of jet axis and IP (sign flips)

-> taken as systematic errors
Alexander Schmidt, Universitat Zurich Kruger2010 Dec 7th,2010 24



Impact Parameter:

e invert the order of %105
negative IPs from the 10°
most negative upwards

e take the 2nd (3rd)
negative |P for high eff
(high purity) algorithms

* ordering on positive side
remains unchanged

Secondary Vertex:
* negative sign if vertex is
reconsructed “upstream”

wrt. the primary vertex
(on the other side of the PV)

Note: K and A
reweighting is applied!
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example:“Track
counting” algorithm

mistag rate and
scale factor as
function of jet p¢

and |n)|

the dashed lines
represent statistical
and systematic
uncertainties

results for
“Secondary Vertex”
algorithm in backup
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conclusions

* CMS tracker operating well right from the start

* measured and validated detector geometry/material

* commissioned data driven methods to measure
tracking performance (resolutions, efficiencies)

e excellent agreement with expectations from simulation

* b-tagging algorithms commissioned:
* “Track Counting”,“Secondary Vertex”, “Track Probability”
working well as expected
* higher level algorithms (combined methods) still need to be
commissioned
* b-jet triggers will be important with increased luminosity

* b-tagging performance measurements show
agreement of 10-15% with simulation
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backup slides
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tracking efficiency

tracking efficiency for pions can be measured using ratio of
DO->K-1t* and D->K- T1*1T - TT* decays
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mistag rate results

example:
“Secondary Vertex’
algorithm

mistag rate and
scale factor as
function of jet p¢

and |n)|

the dashed lines

represent statistical oo1s}

and systematic
uncertainties
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/

T

the scalar product of
the IP segment

with the jet direction
determines the sign

in an ideal world:

/AR
'

ign of t

track 2
IP
P positive cm===P
negative - == =T i
- m wm = - I let
- B-hadro direction
Primary decay
Vertex (SV)
track |

(PV)

- the IP distribution of light-flavour jets would be

perfectly symmetric around O
(and perfectly gaussian, because of various effects entering)

- the distribution would be mostly positive for b-jets

in reality, light jets are

negative tags are

asymmetric and b-jets have negative |Ps

important for various applications,

e.g. measurement of mis-tag rate (PAS BTV-07-002)
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