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Introduction
Motivations and Goal of analysis
The CMS detector

The motivations and goal of the analysis

@ CMS is one of the 4 detectors which operates at LHC

@ It is important to study the properties and performances of
the detector

@ The aim of the analysis is to characterize the relative tracking
efficiency for charged hadrons at low momentum as a function
of lab momentum (&(p, m))

@ A method relied on the slow pion (75) helicity measurement in
the D* rest frame in the decay channel
B — D*tv — (D )tv — ((mK)7s)lv is used

@ The measurement is useful for all the physics analyses where
it is necessary to evaluate the number of tracks
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Introduction

Motivations and Goal of analysis
The CMS detector

The CMS detector
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Physical idea and method

The measure of tracking efficiency Event reconstruction
Background subtraction
The fit of efficiency

The physical idea and the method

@ D* — DOx, in the D* frame

Theoretical symmetric shape (Eqz. 1)

If any asimmetry observed
(Interpreted as tracking efficiency effect)

D* Frame dN/dcos "

/ e = \\/

% = N(1+ acos?6*) (1) (Quantities with * in D* Frame)
Er, = Yp+(Ez, + Bp+ pr,cos8%) (2), E;. = 145.0 MeV, p; = 39.3 MeV
pp+ (k bin) e cos6* (n bin)

D,k = # of events in bin nk
Spk = 7 of expected events in bin nk.

N
Sk = e(pﬁs7m) . (ﬁ)k

coso™

@ Find &(pz,, m) minimizing % =¥« %75”“)2 3)
Dk
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ical idea and method
The measure of tracking efficiency

B
The fit of efficiency

Used datasets and strategy of reconstruction

@ Energy in CM =7 TeV

e For data
Primary dataset triggering at least a muon
Recorded Luminosity: ~ 34(pb~1)
Total Events read: ~ 43-10°

@ For Monte Carlo
Sample which describes QCD events with semileptonic decays
from b-jets.
o of production = O(10)mb.
Total Events read: ~ 3-10°

@ Reconstruction in 2 steps:
1. Selection of candidated tracks
2. Selection of candidated events
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The measure of tracking efficiency
Background subtraction
The fit of efficiency

1. Selection of candidated tracks

Cuts on quality of tracks
e x2< 25
@ # of hits > 5
Geometrical cuts
e nj<24
@ Selection of Primary Vertex with highest number of tracks.

|diy| < 0.1 cm
|d,| < 1cm

Cinematics cuts

e pr > 0.6 GeV/c
pr > 0.25 GeV/c (For candidates of ;)
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ical idea and method
The measure of tracking efficiency reconstruction
Background subtraction
The fit of efficiency

2. Selection of candidated events and helicity measurement

@ For B® - D* ¢ty — (DO~ )¢ty — ((n~ KT)a~ )¢t v (or its charge conjugate)
o DO selection
o Pair of tracks with opposite charge (7~ K™)
o Invariant mass within 25 MeV/c? of D® mass
o Vertex constrained kinematic fit
o D*~ selection
o Candidates of 7~ with charge opposite to KT candidate
o Invariant mass for AM = M(Knz) - M(Kzx) < 0.158 GeV/c?

o For each event one triplet (Kzw) with the minimum
) M(Km)—M o ) M(Knm)—M

X :( o5 PDG) 4

o D= >5.725 GeV/c

o B selection

° ARWA,F} < 0.25

@ Lepton with minimum ARWW' lepton charge opposite to
7 charge and p1 > 5 Gev/c

@ Helicity measured as: cosf* = p;*,s - PD*
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The measure of tracking efficiency

Physical idea and method
Event reconstruction

Signal and Background Extraction

Events / ( 0.000184 )

@ An unbinned Maximum Likelihood fit has been executed to
Mp+ — Mpo candidates with the model:

M = f-[Gaussian|+(1—f)-[(L—e~

f = fraction of signal

(]

MC Entries = 4096
a= 0.000000002376
b= 2480

©= 0.0002194
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sigma = 0.0007580
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ysical and method
The measure of tracking efficiency Event reconstruction

Background subtraction
The fit of efficiency

Bin division

@ pp+ bin: Edge values found requiring for each bin 2000 entries
(S+B) in a o around resonance peak
7 bins : [5.73,8.14,10.50,13.17, 16.68,21.38,29.71,80.46] GeV//c
@ cos6* bin: Uniform division, 4 bins
o Er, = 10 (E, + o pj, cos6”) (2)

g T AR 7 p(D*) range
8 ask -mc E 3 (Gev/a)
' 4 E 3 129.71, 80.401
3.5 E
= E
2.5F 3 o [21.38,29.71]
2F E 3 [16.68, 21.38]
1.5 3 3 [13.17, 16.68]
E E 1 1o.s0,13.171
'?/*/? | [5.1a, 10501
05 :—% E E R
B binn b b bne bena b b e b N NN PN EET T N NS RS P
-1 08 06 -04-02 0 02 04 06 08 1 1 08 060402 0 02 04 06 08 1
coso* coso*
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P £ and method

The measure of tracking efficiency Event reconstruction
Background subtraction
The fit of efficiency

Background subtraction procedure

@ Selection of 2 regions:
Resonance region (RR): + 1 o around peak
Sideband region (SR): [0.149,0.157] GeV//c?

Estimate of the background contribution in the RR and normalization of
% in SR to these background events

@ Subtraction bin by bin between #’S\Ie* in RR and normalized #’;’9* in SR

Py [13.17,16.68] GeV/c

300

Events / (0.000184 )
N
3
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Physical idea and method
The measure of tracking efficiency Event reconstruction
Background subtraction
The fit of efficiency

Corrected helicity distributions in RR

@ The tracking efficiency effect is higher at lower pp- and pg, values

pp : [6.73,8.14]Gev /¢ pp~ : [8.14,10.50]Gev/c
cos@* = —1: pg, = 0.34 Gev/c pr, = 0.45 Gev/c
cosf* = +1: pg, = 0.70 Gev/c pr, = 0.93 Gev/c
E + .
= ! ++ ﬁ } b ) !
m% { + ..m+ ++ é ::§+ %
ol '} t + = % }\
pp+ : [10.50,13.17]Gev/c  pp+ :[13.17,16.68]Gev/c
cosf* = —1: pg = 0.57 Gev/c pr, = 0.71 Gev/c
cos@* = +1: pg, = 1.17 Gev/c pr, = 1.47 Gev/c
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Physical idea and method
Event reconstruction
Background subtraction
The fit of efficiency

Corrected helicity distributions in RR

The measure of tracking efficiency

pp- : [16.68,21.38]Gev/c  pp+ :[21.38,29.71]Gev/c
cosf* = —1: pg. = 0.92 Gev/c pr, = 1.22 Gev/c

cosb* = +1: pr, = 1.86 Gev/c pr, = 2.46 Gev/c

= E E E RS
coso”
= 800

-mc

. ++ +‘

o5
cosa*

e
cose”

pp+ : [29.71,80.46] Gev/c
cosb* = —1: pg, = 2.1 Gev/c

cosb* = +1: p;. = 4.1 Gev/c
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Physical idea and method

The measure of tracking efficiency t reconstruction
Background subtraction
The fit of efficiency

Fit of efficiency for data

(an_snk)2
D
Dpi (entries in the bin nk); op,, (corresponding error);
Sk = €(pr, M) i - Ni(1+ 0 cos8?), €(pr, m) = log(1—e ™Pr) 41

@ We want to minimize ¥2 =Y«

_m*pl
€(p, ,m): log(1 - e )+1

2
;m-: X
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data 3.4+05 | 1.8 —— m =3.4+05
m-16=34- 05=29
g L e e e B IS B B
W 1? == _
g - ]
w [ /,// P, (GeV/c) P, ,m) de/e -
08 ;’/ 03 0.553 17.3% ]
7 04 0.703 11.3% i
0.6 05 0.798 8.2% ]
C 0.6 0.861 6.2% :
04— 07 0.903 4.8% —
L 0.8 0.932 3.8% ]
0.2 . 0.9 0.952 3.0% ]
- 1.0 0.966 2.3% —
) T S S S S A MR
0.5 1 1.5 2 25 3 3.5 4 4.5 5

Francesco Romeo



and method

The measure of tracking efficiency constructio

The fit of efficiency

Data vs MC

(P, m): log(L-e " ")+l

! -——-RD: m#*10=3.4+0.5
-—-MC: m*10c=4.8%+1.8




Conclusion

@ A measure of the relative tracking efficiency for charged
hadrons at low momentum as a function of lab momentum
(¢(p,m)) has been presented

@ It is important to understand the properties and performances
of the detector and it is useful for lots of physics analyses

@ The method relied on the slow pion (7s) helicity measurement
in the D* rest frame in the decay channel
B® — D*¢v — (D°s)¢v — ((mK)ms)lv has been used

@ The final result has been derived by fitting the data with the
model &(pr, m) = log(1— e ™Pr)+1.

A value of m = 3.440.5 is obtained

o With 2011 statistics a lower statistical error is expected with

the possibility to study &(p,n, m)
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Independence of dc‘;’svm from Mps« —Mpo background
Efficiency from counting
Closure tests

Back up Systematics

Separation of signal and background

@ The purpose is to show that % is independent from Mp+ — Mpo background
@ Remembering our final state, 7~ K+, {Tv, 3 samples can be distinguished
using Monte Carlo information (4096 events)
Signal: 7~ K", matched ~ 34 %
Background: No particles matched. ~ 62 %
Other: All other cases of matching. ~ 4 %

Signal Background Other
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Mean  0.1508
RMS _ 0.004869
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Independence of dc‘;’svm from Mps« —Mpo background

Efficiency from counting
Closure tests
Back up Systematics

Fit of slow 7 helicity distributions in different regions of
MD* T MDO

@ Some regions of Mp- — Mpo for the Background are selected

dN . s
and Teosd* normalized to 1 is fitted

E 5 = = F = aaz o8
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o.08]
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t i 4
= | | ! | s L L L L |
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042 o
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0.4 A AT v 0.03188 + 0.00137 o

—— [0.153,0.157]

-0.01212 = 0.00241

el 1

EX ]

Francesco Romeo

5|
o
o
|

R s

i+

T+
L

A
o
4
s
H
s
A
o
4

i

§



Independence of A4V from Mpx —Mpo background
Efficiency from counting
Closure tests

Back up Systematics

Direction coefficient vs Mp« — Mpo

@ The direction coefficient of the line used previously in the fit is
plotted versus Mp« — Mpo
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Independence of from Mp« — MDQ background
Efficiency from counting
Closure tests

Back up Systematics

Efficiency from counting for 7

@ For B — D*tv — (D°ns)ev — ((mK)ms)Lv:

N nReco E,K,l Reco
#(pr,.m) = iz (i)

N(rfeo|(n, K, £)Re©) = #Evt with reco 75,7, K, associated to corresponding
gen particles in |n| <2.4

D(n&eme|(x, K,£)Re<©) = #Evt with reco &, K, associated to the corresponding
gen particles in |n| <2.4 and generated 75 in |n| <2.4

e Model for €(py,,m) = log(1—e™Pr)+1

s fF T
I e RUTLLIMIINN
b F w T “ é

AN

35
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Independence of from Mp« — MDQ background
Efficiency from co
Closure tests

Back up Systematics

Comparison of the efficiencies of 5 and 7

N(?'CRSCO)
o 8(p77:7m) - D(nGene)
N(ﬂ:ReC") = #Evt with reco 7 associated to corresponding gen particles in
In| <2.4
D(n%"¢) = #Evt with generated 7 in || <2.4

> O e L L T
SIS 1a5E- | X2/ naf 4526/ 49 E
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e from Mp« — MDQ background
Effic from counti

Closure tests
Back up Systematics

Closure test with associated tracks (CT1)

Some closure tests are performed to check the validity of the model and of the
technique for studying the tracking efficiency

@ Independent ways to extract €(pz,,m) must be consistent

@ Same fitting method
@ pp+ (k bin) e cos®* (n bin)
@ D, = # of events in bin nk
Spk = 7 of expected events in bin nk.
Sok = €(Pr,»m) - (gomge )k
@ Find &(pg,, m) minimizing x? =¥ (D"ggis"k)z
nk

dc‘i’s\’e* measured with all reco 7,7, K,{ associated to corresponding gen
particles in |n| <2.4

log(1—e ™Pr)+1 m L
CT1 4.44+0.5 0.9
SIPi 4.02+£0.07 | 1.1
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|n§ependeqce f from Mp« — MDQ background

Back up Systematics

Closure test with Signal sample (CT2)

@ Event selection criteria must not bias the result

@ Same fitting method

° dc‘é’s\’e* measured with the Signal sample separeted above (See

slide 13, left plot)

log(l—e mMPr)4+1 m X
CT2 46+09 | 1.3
CT1 4.44+0.5 0.9
SIPi 4.02£0.07 | 1.1
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Back up

Closure test with Slgna|+Background sample (CT3)

@ The result must not suffer any background subtraction

@ Same fitting method

dcila,:e* measured with Signal4+-Background samples separeted

above (See slide 13, left+middle plots), after the background
subtraction

log(1—e ™Pr) 41 m X
CT3 455+133 | 1
CT2 4.6+0.9 1.3
CT1 4.4+0.5 0.9
SIPi 4.024+0.07 | 1.1
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Independence of " from Mp« — MDQ background
Efficie i
Clo

Back up Systematics

Closure test with data reconstructed with combinatorial
selection (CT4)

@ The result must be consistent without using gen level information

@ Same fitting method

ﬁ measured after selection of events, fit of signal and background
and background subtraction (same as for data).
2
log(l—e MPr)41 m ,%f
CT4 4.8+1.8 0.8
CT3 4.55+1.33 1
CT2 4.6+0.9 1.3
CT1 4.4+0.5 0.9
SIPi 4.02+0.07 | 1.1
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Indrpendeme of - from Mp« — MDQ background

Back up Systematlcs

Offline cut variation

@ The fit has been repeated varying one by one the cuts on D;~, Muon,,,

AR5-; & within 10% of their original value during the selection of events.

@ The module of the difference between the new and old value is considered

m new m old Am = |m new-m old|

Dy~ > 5.725

-10% 3.35+0.51 | 3.36+0.49 0.01

+10% 3.30+0.48 | 3.36+0.49 0.06
Muon,, > 5

-10% 3.414+0.58 | 3.36+0.49 0.05

+10% 3.38+0.49 | 3.36+0.49 0.02

AR5 5 < 0.25
-10% 3.3440.50 | 3.36+0.49 0.02
+10% 3.404+0.46 | 3.36+0.49 0.04

@ The sistematic error is
\/(I\/IaxAmD;;f )2+ (MaxAmyon, ) + (MaXAmARWﬁ)Z = 0.09
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