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MOTIVATION

| The objective of this analy5|s is to study the correlatlon of the J/SP yleld and
4

its <pr> W|th the number of charged partlcles produced in the coII|S|on

We will compare the results obtained in p-Pb, Pb-p (5.02 TeV) and p-p
(8 TeV) to try to get some insight on the particle production mechanism as in* :

) T ———— T Collective effects
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*Phys.Lett. B727 (2013) 371-380 (2013) N
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*Multiplicity dependence of the average transverse momentum in pp, p-Pb and Pb-Pb collisions at the LHC
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MOTIVATION

Comparison with previous results:

= ALICE Vs = 7 TeV
\2_ i PP
Z_" B m Jvyv >uu (2.5<y<4)
- ® J/vyv — ere (Jly| < 0.9)

j‘ o - T —— —— w‘
B Normalization uncert.: 1.5% ‘:’ In PP at 8Tev we are able to reaCh |
5 N higher multiplicities, which means |
- rarer events };

l g — —
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(
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Phys.Lett. B712 (2012) 165-175 dN_,/dn

(dN_ /dnp

Comparison with models:

10

Model: Assuming
proportionality of number of J/y

ON,, JdyicaN, >

with the number of initial .
parton-parton interactions =

. The results of this analysis can help us to put
] more constrains in this kind of models

— - — — — —

3 - 5 6

Phys. RCV.1C 86, 034903 (2012) AN, /dn/<dN_, /dn>
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THE ALICE DETECTOR

TRACKING
CHAMBERS

VOC/VOA

TRIGGER
CHAMBER )

ZDC
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Pb-p: -4 < Yiub < -2.5

pr > 0 GeV/c

L
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DATA SELECTION

e Event selection

e Dimuon trigger = Minimum Bias (MB) trigger ( Coincidence of the two VZERO (2.8 < #'ab <
5.1 and -3.7 < pj!a < -1.7) ) & two opposite sign muon tracks in the trigger chambers

* Rejection of beam-gas and electromagnetic interactions

* SPD used for vertex determination and charged particle multiplicity measurement
» SPD vertex Quality Assurance (QA):

v Z,5"P resolution < 0.25 cm
v | Primary Z,5°P - Primary Z,™"¢*115| < 0.5 cm
v Number of contributors nconer > 0
® | Zvertex| < 10 cm (due to SPD acceptance for multiplicity estimation)
* Dimuon analysis cuts
* Muon trigger matching
¢ -4 <plb <25
® [7.6 cm < Raps < 89.5 cm (Rabs is the track radial position at the end of the absorber)

e)pg <)’uu'ab < 4
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MULTIPLICITY DETERMINATION

We have two different methods to estimate the charged particle multiplicity
from the number of tracklets measured in the SPD:

e SPD AccxEff correction of the number of tracklets :

* Allows to correlate |/%¥ with the absolute multiplicity dNcw/dy
* Restricted to |frackiers] < 0.5 to be within the acceptance of the detector.
* Need MC simulations to get the SPD AccxEff and to deal with the N,

inelastic efficiency corrections.

o “Mean corrected” number of tracklets. Data-driven correction :
*Allows to correlate J/%¥ only with the relative multiplicity dNcn/dy/<dNch/dy>

*We can go to |#rackiers|] < |, direct to compare with previous publications

* Need also MC simulations
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generated charged particles / detected tracklets

SPD AccxEff CORRECTION

SPD correction in QASPD&PSALL_ANY

'II|IIII|IIII|IIII|IIII|IIII|IIII|I
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dN _, /dn comparison

Need a specific MC production
for each period.Tests have been
made (see backup) but still
resolving some issues
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nl <2.0 & | Zy| <18.0 in run 195644 (LHC13¢c) MB

Our estimation 1s correct => we can rely on our dNcy/d7] computation
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“MEAN CORRECTION”

Mean number of tracklets vs Z vertex .
Note: for this method we use also |#trackiess| < 0.5

—~ : ® <N (z0)> is a reference value, the maximum value of

20

:_ “___’_—:—'—_’____ﬁ_—d____:_— E MeanTrackletsVsZVertex the <Ntr> VS ZVSPD diStribUtiOn
- ' Entries 8332746 .
5[ Veny 2166 e <N¢(z)> is the <N¢> for the Z,>"P of the event
L ny . .
- Sy 124 * Ne(2) is the number of tracklets of the event
10—
s corr( )_N ( )<Nt7“(zo)>
- tr  \*F) = V¢ 2 N
B < tfr'(Z) >
ol | | | |
-10 5 0 5 10
ZO Z vertex
The correction is the same for each Z,5P.
< NtT(ZO) > S < Ntr(z) > Mean number of corrected tracklets vs Z vertex
AN — Ntr(Z) EAL C Mear.1NcthZVertex
< N, tr (Z ) > %/26.5:— Eﬂr::r?S 830:%?(75;8
- Meany 25.6
B RMS 4.857
26— RMS y 14.41
The correction is generated e | T
randomly with a Poissonian -
distribution centered at AN, so: =
24.5f—
corr __ -
tr _Ntr+ANrand R T T T
10 ® 0 ° %Cz/ertex
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CORRECTION TO <N¢>
From simulations we know that ' N dNep/dn
Nch o [\lcorrtr

< NEo'" > < dNy, /dn >
We need to have into account the mean number of tracklets of events w/o reconstructed SPD
vertex (0) and the mean number of tracklets of events not seen by the MB trigger condition:

corr corr

corr _ S =
< WNiracklets = = EMB ((1 o GSPDQA)' < WNiracklets ~measured _I_eSPDQA < WNiracklets >SPDQA) +

corr
(1 — GMB)' < WNiracklets >N B \
corr
< tracklets >MB

T~ 0.96 for pA

€EMB
T~ ~0.74 for pp @ 7TeV

Since we don’t know yet the mean number of tracklets for events not seen by the
MB we take this as a source of systematic uncertainty by taking the two extreme
situations:

corr
< tracklets >MB > O - < ff;gklets >MB
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J/yw SIGNAL EXTRACTION

i, Need the Muon Spectrometers AccxEff corrected J/T and SP’ S|gnals to fit the <pT>

distributions :
To get the M.nv spectra we weight each dimuon pair with J/ 1/Accx Eff(pTay) |

— —— — — - — —

e Fitting functions for signhal : Crystal ball extended (CBE) and NA60
~Talils parameters : Fixed from the |/ AccxEff corrected MC

* Fitting function for background : VWG, POL2xEXP.
e Fitting range : 2 - 5,2.2- 4.7 GeV/c?

Jhp AccxEffin pp @ 8TeV w +u - inv. mass INTEGRATED Raw spectra
2.6 lo.45 1o° ;_ AccxEff corr
~ o4 = CBE spec.
2.8 10° ___‘raw’ tails
, —10.35 = ___‘raw’ tails
= 10 __‘corr’ tails
3.2 =
> B 3
B 10 E-
345 - . L
- 10° + > \
-3.6 Jf L# + H‘ \
- 105 i ’r
3.8 i“ IJ[Jr ’rHJ[ ||I m.
4

M . (Gevre nof
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J/w SIGNAL EXTRACTION

NJ/w—uﬁu—

Y., = N = Foorm IV,
J/w NMBBR(J/w_),LL—i_ILL_) MB CMUL

Raw p-Pb example AccxEff corrected
u +u - inv. mass INTEGRATED w +u - inv. mass INTEGRATED (AccxEff Corrected)
2 [ | g
3 Entries 2166992 5 10 =
010 2, 6759 /52 3 FE Entries 2166992
- % ' —
- KVWG  2.4136+04 + 2.6336+03 T K Ind 5792152
- mVYWG 15+ 0.1 10 = KYWG 8980404 = 8.69e+03
10° SVWGT 0.4338 = 0.0141 - VWG 1565 « 0086
= SVWG2 0.3268 + 0.0275 B
- . 100 = SVWG1 0.4451 + 00170
u kJPsi  1.433+04 + 9.706e+01 0 E
i mJPsi 3.097 + 0.000 - svwaz 0.3872 = 0.0279
10 = sJPsi 0.07192 = 0.00053 N KIPsi 55840404 =+ 46948402
= . . 10
- kPsiP 2028+ 27.7 = mJPsi 3,097 = 0,001
o NJpsi = 59443 +- 399 B sJPsi 0.07199 = 0.00067
10 kPsiP 687 + 1406

Nypsi/AccEff = 235418 +- 1591 Nypsi = 234767 +- 2005

1||||I|||/||||I||||I

25 3 3.5 4

) (GeV/c"2)5

1 | 1 1 1 1 1
4
I\/fs+ i (GeV/c’\2)5

N
n
3
w
ﬁ_
~

=

Yields(analysis) oy¢(analysis)

p-Pb (5.02 TeV) 4.24E-4 ‘ 883 ub 886 +- 48 (uc.sys) pb”* ‘
Pb-p (5.02 TeV) 4.58E-4 ‘ 971 ub 966 +- 70 (uc.sys)ub® ‘
pp (8 TeV) 1.34E-4 ‘ 7.52 ub 7.59 +- 0.55 (sys)ub™ ‘

L Integrated cross section in agreement with the publications
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J/yw SIGNAL EXTRACTION: SOME SYSTEMATICS

Does Muon Spectrometer J/%¥ AccxEff change with multiplicity ?

J/¥ simulations with extreme pr and y distributions have been performed. Input nominal
distributions are modified to reproduce <pr> in the low and high multiplicity bins in pp

AccxEff

soft y,hard p

-2.6

2.8

-3.2

3.4

-3.6

-3.8

Very small changes in 2D AccxEff correction (just on the rapidity bin -3.6 to -4, the difference ~2%
is because is a big bin.)

|

.

|

| AccxEff

10°E
10k

i <pt>=2.9

00421

004F
0038
0036 F
0034F
0032f

0.03f
0028 F
0026 £

-4 -38 -36 -34 -32 -3 -28 -26

MCINPUT y +4 - Pt distribution

10%

P P S P B
10 12 14 16 18 20

MCINPUT w +u - Y distribution

-3.8

AccxEff | AccxEff

hard y,soft p nominal
1.006
2.6
1.004
2.8f —1.002
3L 4

L . 0.998
Q32

> 0.996

B4 —10.994
36k

MCINPUT u +u - Pt distribution

§_<pT>=22

B REVEETRET S go

MCINPUT u +u - Y distribution

4 -38 -36 -34 32 -3 -28 -26
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J/yw SIGNAL EXTRACTION: SOME SYSTEMATICS

The 2D AccxEff correction barely changes with the input MC distributions,

nevertheless, differences up to 6.5% were found in the integrated AccxEff

Same mtegra.tgd AchEff in Nyw raw Ny 2Dcorr Ny raw/Accxeff
multiplicity bins spec.
0-4 5278+-92 43921+-893 42428+-740 -
ACCXEﬁ:nominal = 12.44%
30-60 666+-42 4894+-364 5354+-338 -
Different integrated

| ‘ Ny 2Dcorr
AccxEffooft ot = 11.80% 0-4 5278+-92  43921+-893 44728+-780 -
AcCxEffhara pr = 13.25% 30-60 666+-42  4894+-364 5026+-317 -

| The changes in the integrated AccxEff with the pr and y dlstrlbutlons (multlpI|C|ty) \ '

explains the dlfference between the Nj/y extracted with the two methods
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J/l// <pr> EXTRACTION

\
|
|
|

L
T J J / /
< DT >H B (MMJFN—) = /w(MM+“—)X(<pT> /w)—H)éw (MM+M_)X(<pT >¢ -+
T/ W bkg
(1—a?’P(M,+,-) — a¥ (M4 ,-))x (< pp >b*9)
S(M,+,-) Fixed from 777
M) = G o BT Accxtfpry)  (Gpr =T constant
ptp
corrected Min, spectra W) ;
W +u -meanp_ INTEGRATED (AccxEff Corrected) an P C< pT > COnSta’nt
i bk
¥ of J{ (< pr > 9): pol2

2ef
2.6 System | (pr)(this analysis) | {pr) (other analysis)
24 Pp 2.61 £+ 0.01 (stat.) | 2.60 £+ 0.08 + 0.06 *
22l SR p-Pb | 2.78 + 0.01 (stat.) | 2.77 + 0.01 + 0.03 **

- o asesn ocem Pb-p | 2.47 + 001 (stat) | 2.47 & 0.01 £ 0.03 **
18 e ** ALICE: “Multiplicity dependence of Jpsi
L production in p-Pb collisions at 5.02 TeV”

L P T T T NS S TR A S R ST AN N S S N AN R T R

N
N
(6)]
w
w
14
A

M O (Gevicray’

. Thevadvantage of this method respect to the usual one is that we d|V|de the eventsample |ust in
| multiplicity bins. This aIIows to reach hlgher multlpllcmes with a thmner bmnmg
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J/w <pr> EXTRACTION: SOME SYSTEMATICS

Variations of the J/¥ <pr> with Miny have been found in the /¥ simulation

(detector effects), while we consider it as constant in the fits.

Reco MC J/¥ <pt>
W +u - mean p_ INTEGRATED (Acc x Eff Corrected)

' 3/\ 3.2 :— Mean 3.078 .
CoE i Parametrize the J/¥
V3.1 ) 7681195
s osiiss goses 111 <p7> variation in
1 mptJpsi3 35.-181-5:t1 %g M M
ool moesi el 1rs | 1| =  the simulation and
p6 -0.1943 + 0.0628
ss o + | L use it in the data
2.7 Hod i <PT> ﬁtS
26 + !
o3 ‘! Hi l
2.4 f—
23
Constant J/T < T> L L L L | L L L L | L L L L | L L L L ] A
p 2 25 3 35 1 oeumndd JV <p1> (Miny )
W +u -meanp INTEGRATED (Acc x Eff Corrected) u +u - mean p_INTEGRATED (Acc x Eff Corrected)
A E - A = l
5 - tries 170096 - :
= 27F ?‘/ e oo s o = 27F Entries 170096
- <pt>JPsi 2.566 = 0.014 o - x / ndf 45.35/55
V26 <pt>BGO 3.754= 0.190 / Vg <pt>JPsi 259+ 0.01
z NEE - R f +
25F Pt 1701 = 0.015C 2 5 <pt>BG1 -1.04 = 0.12
- - <pt>BG2 0.1642 + 0.0186
2.4— 2.4 J{ <pt>PsiP 2.759 = 0.206
- - \ ATTTT
. 2 | | + P
- T /
2.2F 2.2p J( ) NI%g
21 21E J{ 1[
2F o J(
E ' ' T T R T N T BT TR SRR | T T R | = T | L1 | | | |
2 2.5 3 3.5 4 M 45GeVicrop 2 2.5 3 3.5 4
- = “}‘- — e  — — E——

Improvement of the peak shape description, but <pt> difference is ~
uncertainty and we keep the constant J/%¥ <pt> fits.

= — = —— — ——— —
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RESULTS

Comparison of the results for pp at 8TeV (VO runs) and pp at 7 TeV (Phys.Lett. B712
(2012) 165-175)
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RESULTS

| <0.5

~ b B
5} E Inclusive J/y — p* w, p-Pb s =5.02 TeV, 0 < p.<15GeV/ic

S B— .« 203«< Y o < 3.53, p-going direction
% E n -446<y  <-2.96, Pb-going direction
PN
] B

2 L
= 3 4]
© B -

B o]
ﬁtté::_ ] o1
O “F el
AP - F
%Q)o@\b‘ 1= = ALICE Preliminary
Q N B
Q‘ Q’ — . + 3.1 % normalization unc. not shown
B | | | | | | | | | | | | | | | | | | | | | | | | | | |
00 1 2 3 4 5
dNg/dn / (dN_/dn )

ALI-PREL-73917

e Strong increase of relative )/y yields at forward and backward rapidity
with relative multiplicity

* At backward rapidity similar behavior as found in pp collisions at 7 TeV,
deviation at forward rapidity
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RESULTS

n| <0.5

-~ — Inclusive JAy — p* W, p-Pb |5y =5.02 TeV, 0 < p. <15 GeV/c

«203<y <353, p-going direction
= 446 < y__ <-2.96, Pb-going direction

ALICE Preliminary

| | | | | | | | | | | | | | | | | | | | | |
3 4 5

dN,/dn/ (dN_/fdn )

P
‘@
)
@’ .
@
(o)
T ||| T ||| ||| T ||| T ||

o
—
[\

ALI-PREL-73921

e The relative J/y <pr> increases with the mid-rapidity relative event

multiplicity and then saturates beyond dN/d#n/<dNci/dn> ~1.5 in p-Pb
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OUTLOOK

* Presented two methods to estimate the event multiplicity. For now we use the
data-driven method for the p-Pb preliminaries.

* Finalizing the analysis of the preliminaries and working on the SPD AccxEff method.

e Signal extraction and <pr> with 2D |/y AccxEff gives similar results that the
standard method but have additional advantages.

* Relative yields in p-Pb at forward and backward rapidity show a strong increase
with charged particle multiplicity. Similar behavior as in pp at 7 TeV.

e Relative |/w <pt> increases at low multiplicity and saturates in p-Pb.
1/ pliCITy P
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BACKUP

ALICE | QGP-France | 16/09/2014 | Javier Martin



CHECKS SPD CORRECTION

Background estimation

In the simulation the tracklets with different labels in the 2 SPD layers (they do not
come from the same MC particle) are considered as combinatorial background.

% of Bkg tracklets vs ZVertex vs Eta
= 0.05
3 .0.045

—0.04

0.035

II|IIIIJIJI|I

—
/

0.03

0.025

0.02

0.015

0.01

'I|IIII|IIII|IIII|II

30 0.005
ZVertex

W
o
N
o
1
—
o
o
—
o
N
o

Always < 3% in our window of interest
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CHECKS SPD CORRECTION

Comparison of <dNc/dy>in || < 0.5 | Z,| < 10 vs VOA multiplicity with Phys.Lett. B728 (2014) 25-38

Event Ci <dNch/deta> <dNch/deta> <dNch/deta> (1
o mu“"P'lCltV p-Pb* (LHC13d&e) p-Pb run LHC13c) p-Pb

0-5% > 227 45+-1

5-10% 187-227 36.2+-0.8 36.3 36.1
10-20% 142-187 30.5+-0.7 30.6 30.3
20-40% 89-142 23.2+-0.5 23.4 23.2
40-60% 52-89 16.1+-0.4 16.2 16.0
60-80% 22-52 9.8+-0.2 9.9 0.8
80-100% <22 4.4+-0.1 4.5 4.4

Our estimation is correct => we can rely on our dNc/dy computation
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SYSTEMATIC UNCERTAINTIES

SIGNAL EXTRACTION SYSTEMATICS

We compute relative quantities so the uncertainties are estimated from the variations of:

“J/% and < PT > '
N,I}?t@b < pT >znt

Since the signal shape does not change with multiplicity, we make the tests with the same
signal for the integrated and bin, varying the bkg parametrization, fitting range and W(2S) ¢

Relative Nyp:

e 2 signal shapes: CB and NA60
e 2 bkg parametrizations: VWG and Pol2Exp
e 2 fitting ranges: 2-5, 2.2-4.7

® 3 Gyps): 1.1, 1.0, 0.9 x oy

24 fits per bin| = |288 tests per bin

Relative <pr>:
e All the variations of Miny fits from the Relative Ny tests
e 2 bkg parametrizations: Pol2 and Pol2Exp
e 2 fitting ranges: 2-5, 2.2-4.7

96 fits per bin 4608 tests per bin
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SYSTEMATIC UNCERTAINTIES

Propagation of My fit statistical unc. to <pt>
The Miny and <p7> fits have been done independently, fixing the signal parameters in the <pt>.In
order to check the effect of the errors of the Min fit on the <pt>, a simultaneous fit of the <pt> and
Minv has been tried.

Simultaneous Fit Independent

w +u - inv. mass NTRCORR_JAVI_00.00_04.00 (Accx Eff Corrected)

u +u - inv. mass NTRCORR_00.00_04.00 (Acc x Eff Corrected)

Entries

21052

a B E2ntries 21052 {2} - !

5 4 x 1 ndf 127.4 /107 S 4 o / ndf 79.51 /52
S 10 Prob 0.08708 8 10 KVWG 3004 = 671.1

- KVWG 3019 + 637.2 - mVWG 0.006898 + 0.013717
B mVWG 0.003558 = 0.004733 B sVWG1 1497 = 0.355
F sVWG1 1.492 + 0.326 | sVW§2 0.0006862 = 0.0014608
3T SVWG2 0.000357 + 0.000500 5 "'+ koPsi 1.086e+04 = 2.6426+02
10 kIPsi  1.085¢+04 + 2.642e+02 10 & mJPsi 3.101 = 0.002
= mJPsi 3.101 + 0.002 - sJPsi 0.07088 = 0.00162
- : . =V - kPsiP x
- NOW + 0.00160 - 4| kpsi T 342.6+ 65.5
- kPsiP 344.4 + 64.3 B
, T +|T - L _|_ _I_
10° Ny = 44217+-900 | 102l N = 44212+-911 1 ;
: 1 1 1 /I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 E / I \ I I I I
2 2.5 3 3.5 4 M.5 GeV/C/\2 5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
= ) 2 25 3 35 4 M 4@eVicr2p
uou
u +u - mean p_ NTRCORR_JAVI_00.00_04.00 (Accx Eff Carrected) W +w - mean p, NTRCORR 00.0004.00 (Acc x EIf Corrected)

A = ¥ Entries 21052 | _A a5 Ezntrles 21052
= 35— 5 Indf 12747107 [ =g> L N, 4778 /55
" - Prob 0.08708 - <pt=>JPsi 2.185 = 0.029

v N kvwa 3019 = 637.2 - <p=BG0 3.754 = 0.555

3 m\>/V\\/IVGG1 0.003558 = 0.004733 3 <pt>BG1 -1.051 = 0.362
- s 1.492 = 0.326 - —BG2 1 . 4
- SVWG2 0.000357 = 0.000500 - zthPsiP > 25 i:;e; +O£ t_2)5\?1
25— J{ J[ kJPsi  1.085e+04 = 2.6426+02 2.5 ' T '
' mJPsi 3,10+ = 0.002 J( J( ‘
J( J( Jr sJPsi 07091 + 0.00160
- i 344.4 + 64.3 L
2— i 2 |
- T <pt>JPsi 2.185 + 0.029 B
" ‘~+ <pt>BGO 728 = U. - ‘\+
B <pt>BG1 -1.034 = 0.359 150
15— <pt>BG2 0.1539 + 0.0539 L
C | | | <pt>PsiP 2.459 = 0.265 R R ST ST E R S SR B
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 T 2 2-5 3 3-5 4 4-5
2 25 3 35 4 45 5 M2 (Gevicnsy
M, (GeV/ich2) W

This has been tested on several bins in pp and pA resulting in a 0.5% difference on the <pt> and

negligible on the Ny
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SYSTEMATIC UNCERTAINTIES

Systematic uncertainties

Since we compute relative quantities, just uncorrelated uncertainties remain at first order

bini b’l:’l’l,i 1) -
Y3y _ Nyt - « Frorm v N&vuL « < p%f”@ >

T tot 7 bin;
< YJ/¢ > NJ/IZJ—>M+/J_ Fnorm NCMUL ? < pTr >

/ \ /

-AccxEff 2 methods - AccxEff .
-Signal extraction - Signal extraction
- Method effects

e AccxEff MC input: Tests with different input distributions

* Signal extraction: Systematics tests on the relative Ny and relative <pr>

* Frorm: Difference between the offline method and rescaled bin by bin global Frorm
e <pr> extraction method effects:

e Difference between input <pr> and reconstructed in the simulation

e Variation of the J/% <pr> with the Miny due to detector effects

* Propagation of the signal parameters uncertainties with a combined fit
e Multiplicity: Uncertainty in VOAND efficiency correction, and systematic
uncertainty on the multiplicity determination from Pseudorapidity density of charged

particles in p-Pb paper.

ALICE | QGP-France | 16/09/2014 | Javier Martin 27



SYSTEMATIC UNCERTAINTIES

Fnorm SYSTEMATICS

Two methods have been used to compute the Fnom

bini
r B CMSL y CINT7 ] sz'ni — fpmean NMB/NMB
norm > norm ~— T norm bin;
CMSL&OMUL = CINTT7&0MSL Nivivn/Nemur
Normalization factor vs dN  /dn
£ €h _oe)
530000

25000
Offline2steps Fnorm

20000 Rescaled mean Fnorm

+

|

15000

10000

5000

oII|IIII|IIII|IIII|IIII|IIII|I

60
chh/dn

We take the mean value of the two methods and the difference of the mean to the values as
systematic uncertainty
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SYSTEMATIC UNCERTAINTIES

Correction to mean N¢

Corrections to the measured MB mean number of corrected tracklets:

corr corr corr

< WNiracklets = — €EMB ((1 o ESPDQA)° < WNViracklets = measured +GSPDQA' < WNiracklets >SPDQA) +

corr _
(1 —emB): < Niruckiets 7B

/ ~ | for pA

€EMB =% MB trigger efficiency
TS\ ~0.74 for pp @ 7TeV

, ~ |.8% for pA
em - Fraction of events w/o SPD /

vertex or not passing vertex
OA pasing TS ~ 4.7% for pp @ 8TeV
0 for ev. w/o Vtx
< Neorr —— =% <Ny> of events w/o SPD vertex/ e

tracklets ~ SPDOA :
racklets — S Q or not passing vertex QA

TS > for ev noVix QA

- Small n window
- o-vtx* Wlth Ntr
-» considered as 0

< N lots >MB > <Nu> of events not seen by the 7 ~ 0 for VOOR !
MB trigger condition not known yet for
TS V0AND
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SYSTEMATIC UNCERTAINTIES

SUMMARY SYSTEMATIC UNCERTAINTIES

_ pPb (5.02 Tev) Pbp (5.02 Tev) pp (8 TeV)

Ny/p

NJ/I.IJ bin

N/ ®"/Nyjy

Fnorm
Fnormbin
<pr> & <pr>Pin

<pr>Pin/<pr>

dNch/dn/< dNep/dn >

Pile up

EMB(pp@7TeV)=10.742 +-5%

1.5%

1.5-7%

0.8-3.3%

1%

0.1-7 %

2%

0.1-0.4%

3.9%

1-4%

1.5%

1.5-7%

0.4-1.6%

1%

0.2-4%

2%

0.1-1.2%

3.9%

1-2%

pA and pp

1.7% 7TeV papers

1.7-8%(2-5%)* —» rel. dif. Ny

0.2-1.4%(0.2-2.2%)* —> s. extraction

1% —>» pA paper
0.4-8%(0.2-12%)* —>» 2 methods

extraction

2 9% =3» method and MC
nput

0.1-0.5% =P §. extraction
~15% —> corr. extremes
i and MB eff
i =—>» Toy MC

*Opp | <1
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PILE UP STUDY

To study the effect of the pile-up in the multiplicity determination we use a toy MC :

* Generate Nevenss MC (bunch crossings)
* For each event generate ncolisions (interactions) with Poisson(H) (if ncoliisions > 0 -> MB event)

* Assign randomly to each collision in the event (Zy,Ncrakiets,njv)
* Ntracklets: Using the corrected CINT/ N distribution for LHCI3c (low PU)
*Z,: Zvtx distribution of LHCI 3de
*njv: LHC13de yield vs Ncorr (X100 enhanced), Poisson(yield(Nr.corr))

e Search of pile up events (| Z,<i - Z,*° | < 2,1,0.2 cm)
* if PU the tracklets are summed
*We take all the Jpsi in the event

* Main Z, = collision with higher N¢rackiers (This will be the event multiplicity)
* |Zy| cut < 10 cm

With this ingredients we compute the resulting N¢- distribution and }/¥ yield, and
compare with the data(LHC| 3c) results
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PILE UP STUDY

To study the effect of the pile-up in the tracklets multiplicity determination we use a toy MC.

< p >(LHCI3de) = 0.038
—> <y >(LHCI3f) = 0.043
< p >(LHCI3hi) = 0.009

Mean Nof collisions
per bunch crossing

Comparison of corrected tracklets distribution between a low pile up period
(LHCI13c) and one of the periods under study

2 — Number of correctedtracklietsdistributions
Z corr
= N" LHC13c
.E _2 tr
%10 o Nfr"” LHC13de
=
-3
10
-4
10
. |
2 105 11 I D
o 1101 el
0.99 L
0.98 L
0.97 L e
0.96 A e
0.95 L PP
(0] 20 40 60 80 100 120 NEO
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PILE UP STUDY

5 - . corr .
9—'0012 — Jhyp yield vs Nt pile-up comparison
— r
0.001 —
- _
: =
0.0006 — — ——— Jhpyield for MU = 0.038
B — — Jhpyield for MU = 0.043
0.0004 - ———  Jnpyield for MU = 0.100
0.0002 L — Ref. J/yyield
. !
~ = 1.06 §_ ST SO TN SN e rorrrreorororersrsrororsrerrs Roporererr
1% < 1045 N "_'_';; """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
2E e el ST B S U SN
o8 B
0.96 Emrrerreeperneeiees gy g e
20 40 60 80 100 120 N
tr

We take as systematic uncertainty the maximum difference in each
bin (for y = 0.043 or 0.038)
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Acceptance x Efficiency
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RELATIVE YIELD AND <pt> vs MID-y

RELATIVE MULTIPLICITY UNCERTAINTIES

Only uncorrelated systematic uncertainties remains at first order in relative quantities

Forward-y Backward-y
Extraction method Ny °" 1.5-7 % 1.5-7 %

S. Extraction Njy ®™/Njy 1.5-3.3 % 1.5-4.6 %
<pr> MC input 2 % 2%

Extraction <pr>/<pr>int 0.1-0.4 % 0.1-1.2 %
F -7 % |-4%
<dNep/dn> 3.9% 3.9%
Pile up |-4% 1-2%
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