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Abstract

Prmopt and Non-prompt J/ip are measured in pPb collisions at a centre-of-mass en-
ergy per nucleon pair of 5.02 TeV. The datasets used in the analysis correspond to
recorded integrated luminosities of 35 nb~! recorded by CMS in 2013. The kinematic
range of observed J/¢ is transeverse momentum of 3.5 GeV/c to 30 GeV/c and ra-

= Detailed analysis note : AN-13-346, 86 pages i A g S P T P

studied to investigate the cold nuclear matter effect. A significant forward-backward

. . . . . mmetry is observed for low pr range. The phenomenon is manifest for central
http://cms.cern.ch/iCMS/jsp/openfile.jsp?tp=draft&files=AN2013_346_v2.pdf el tont cvents which wabeslorted o high energy depoition in HF b detecter
installed at very forward rapidity (4.2 < || < 5).
= Wiki :

https://twiki.cern.ch/twiki/bin/viewauth/CMS/PAcharm2013
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Outline

o Introduction

© Event selection
= Datasets, trigger

® Muon selection

o Signal extraction
= Prompt & non-prompt J/y

© Acceptance correction

o Efficiency correction

= Efficiency from Monte Carlo study
= TNP results and weighting

© Results

= J]/psi production cross-section
= Forward-backward production ratio R_rs
» ErHF dependency

© Summary
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Introduction

e J/W Rereg from ALICE
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© Although kinematic ranges are
different, all results show the
similar trends
« Forward/Backward < 1
= Gluon saturation or shadowing
at low x? (forward y & lower pr)
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e J/W Rrs from CMS

= Investigate different kinematics
ranges (mid-rapidity, higher pT)

=« measure the multiplicity dependence
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Introduction

o Rough calculation for x2 (of Pb) range

= In case of 2—1 process « Forward region (ycm = 1.93)
(for pt=6.5-30 GeV/c)
X2 = 0.0002 - 0.001

= Backward region (ycm = -1.93)
( for pt=6.5-30 GeV/c)
x2 = 0.01 - 0.04
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« RiPPP js different for various nPDFs (small x)
= We expect to investigate shadowing regions
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2 Event Selection “

© pPb 2013 prompt reco datasets

= /PAMuon/HIRun2013-PromptReco-v1/RECO
= CMSSW_5 3 8 HI_patch2 with the global tag GR_P_V43D:All
= pp RECO algorithm is used

= two subsets
1. proton going to -z direction : run 210498-211256, Lint = 20.07+0.7 nb-1
2. proton going to +z direction : run 211313-211631, Lint = 14.0+0.5 nb-!
(run 210498-210658 with alignment problems are reconstructed again)

= Trigger selection : HLT_PAL1DoubleMuOpen_v1l

® Onia2MuMu skim

m CVS : UserCode/tdahms/HiSkim/HiOnia2MuMu

= same used in the pPb Upsilon analysis (HIN-13-003)

» contains all pairs of tracker muons with my, > 2GeV/c?
= pA pile-up events are rejected

https://twiki.cern.ch/twiki/bin/viewauth/CMS/HIOnia2ZMuMuSkimProcessingDetails2013
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Muon Selection @

o Acceptance cut for single muons
= same with the pp 7 TeV J/@ analysis

—2.4 <n < 1.93 (in lab frame)

n*| <13 — phk>33GeV/c
13< ¥ <22 = p¥>29GeV/c
22 < |q*| <24 — ph>08GeV/c

© Muon quality criteria
» Recommended soft muon ID cut from muon POG

TrackerLayers > 5.0
PixelLayer > 1
Abs(Chi2InNormalized) < 1.8
Abs(Dxy) < 3.0

Abs(Dz) < 30
TrackerMuArbitrated ==
StationTight = 1
VertexProbability > 0.01

19th March 2014 Pre-approval 7/



KOREA

Single muon ID variables

© DATA vs Prompt MC updated after frozen

= single muon acceptance cut, trigger matching,

mass range [2.95-3.25] GeV/c? and kinematic range(pr, y) of J/ selected
= |« cutis applied to DATA to remove non-prompt contribution
. Applylng all the other cuts except one in distribution
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= They agree in the selected regions (black dashed line).
= TnP and Muon ID will be presented in muon POG meeting for validation.

19th March 2014 Pre-approval 8



o For differential cross-section

= ycm [-2.4, -1.5,-1,0, 1, 1.5, 1.93
= pr [0, 3, 6.5, 7.5, 8.5, 9.5, 11, 14, 30] GeV/c
(pT < 6.5 GeV/c bins are only for the most forward & backward bins )

® For Rrg measurement

=ycm [-1.93, -1.5, -1.2, -0.9, -0.5, 0, 0.5, 0.9, 1.2, 1.5, 1.93]
= pr [3, 6.5, 8.5, 11, 30] GeV/c
(pT < 6.5 GeV/c bins are only for the most forward & backward bins )

o For EtHF dependent Res

=ycm [-1.93, -1.5, -0.9, 0, 0.9, 1.5, 1.93]
= pr [3, 6.5, 10, 30] GeV/c
(pT < 6.5 GeV/c bins are only for the most forward & backward bins )

19th March 2014 Pre-approval 9



© Binning for the low pr
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pT binning

© Binning for the high pr
= dimuon distributions in datasets (from 2nd run periods)

= = Set the pt upper limit 30 GeV/c depending on
2 10“;""“'-. the number of signals
g = For higher pt bin (with wide bin width),
g 10°F % y C . .
T ‘-, I not enough statistics in the sideband regions
- [ | .
10°E Soge 1 to fit the ¢,y shape of background.
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KOREA

Signhal Extraction

o Separation of prompt J/yp and non-prompt J/yp
= 2-Dimensional simultaneous fit for muy & ¢,y lifetime of
= Fitting procedure is same with the pp & PbPb analysis the b hadrons

(O(500) um/c)
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Pull

Signhal Extraction

© Mass and ¢,y plots of some bins (1st run period)
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* All the plots for other bins are on AN (appendix A)
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Signhal Extraction

o Mass and ¢,y plots of some bins (2nd run period)
= -1.46 < yiab < 0.47

6.5 < pt < 7.5 GeV/c

CMS Preliminary

Cent. 0-100%

______________

Ny, 2306 = 77

PPb\S =5TeV " an. 1 mevi2
Ly =12 nb” \ e data

-1.46 <y <0.47 | %% total it
6.5<p_<7.5GeVic £ bkgd + non-prom
' y : = = background

14.0 < pTt < 30 GeV/c

—_
(@}
N

Counts / 0.08 (mm)

.IIIIIIIIIIIIIIIIIIIIIIIIIIEIIIIII

—

CMS Preliminary
pPb \ /s,y =5 TeV
Ly =12nb"

-1.46 <y <0.47
6.5< P, < 7.5 GeV/c

Cent. 0-100%

® data

= total fit

== prompt
===+ nON-prompt
== background

Pull

Do . - \§
‘|:|IA|'4|JI.||||!||||JI|‘¢JLL| I

LLALY LLRLY LAL LRLEN RLLLY LLRLY LARLS AL _|||||

L]

e * DI,
P -
L]

L]

(]
L]
L]

L]

L]

Ao Lo Wt

26 57 28 29
m,, (MeV/c?)

3 31 382 33 34 35

L) [ O N Or O = w o

6 27 28 29 3 3.1 32 33 34 35

CMS Preliminary

Ny, : 1849 = 51

pPPb \/syy =5 TeV 0=30= 1 MeV/c*]
Liy=12 nb’ ® data
-1.46 <y <0.47 4% total it
14 <p_<30 GeVic %5 bkgd + non-prom
] = = background

Cent. 0-100%

NW\\\“

SN
"6\‘:'0}»\
9502020007 N
.‘““&‘“\\\\\
3

o
‘0

25

&

N

(XD
o,

98

°,

2
‘0

IIIIIIIIIIIIIIIIIIIIIIIII-q-IIIIII

Q
XXX

L
1858

.
Do

%

<

KX

m,, (GeV/c?)

Pull

x2/dof = 40.0/34
L]

O Lo AW
||||||| TTITT[TTTIT[TTI T IroorTT

o
—
o
o
o
©
o
—
—
o
no
no
o

U

26 27 28 2. 3 31 32 33 34 35

L]
w volon b b bbb b

m,, (MeV/c?)

—_
o
>

—_
o
w

Counts /0.08 (mm)

—_
o
oS

KOREA

<J

CMS Preliminary
pPb \/sy =5 TeV
L,=12nb’

-1.46 <y <047
14 < P, < 30 GeV/c

Cent. 0-100%

® data
= total fit
== prompt
=== NON-prompt
= = background

[

Pull

Ldbroho N w

3 yé/dof = 26.13/32
3 ’, 3
3 "y ... ’ E
= Y .., :
E_ i "'. . . ¢ * E
- . E
3 . E

-
()]
N
N
()]
ool

* All the plots for other bins are on AN (appendix A)
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Signhal Extraction

o Systematic uncertainties (4 alternative shape and method)

= my, distribution of signal

one gaussian
gaussid one crystal ball
+ one crystal ball

= myy distribution of background

1st order

exponential ;
polynomial

&

= ¢y distribution of prompt MC (resolution function)

sum of two gauss only one gauss

&

= ¢y distribution of non-prompt MC

exponential for
lifetime shape

from MC
lifetime template

&
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V4

.
O

from which the kinematic filters on the signal were removed

o Acceptance definition

dimuon
N reconstructible, M1 (P T/ Y )

dimuon
N generated (P Y )

e dimuon condition

= ut- pairs from J/P
= within -2.4 < yjap < 1.93

® reconstructable

—24<n <193

nt| <13 — ph>33GeV/c
13< |p¥| <22 — p*>29GeV/c
22 < |¥| <24 — pL>08GeV/c

® mass cut M1
= 2.6 < myu < 3.5 GeV/c?

= 2D-correction for pr &y
e Upper : Cross-section
e Middle : Rrs
e BOTTOM : Res with EtHF

Acceptance Correction
pp boosted 5 TeV prompt J/P sample used

» produced with the same configuration setting as the official,

P, (GeVlc)

P, (GeV/c)
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Acceptance Correction

o Systematic Uncertainties (4 cases)

= Shapes of the generated pr and y distributions are varied linearly by +30%
1. ptr up +30%
2. ptr down -30%
3.y up +30%
4.y down -30%

= This method is consistent with
PbPb quarkonia[HIN-10-006] and pPb Upsilon analysis[HIN-13-003].
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MC Efficiency

o pp boosted 5 TeV, official MC sample for prompt & non-prompt
PYTHIAG_JPsiWithFSR_tuneD6T 5TeV02%2Ftdahms-Onia2MuMu_]psi_HiWinterl13-pa_STARTHI53 V25-vil
PYTHIA6_incIBtoPsiMuMu_5TeV02%2Ftdahms-Onia2MuMu_IncIB2Psi_HiWinterl13-pa_STARTHI53_V25-v1

) Efﬁ C i en cy d eﬁ n i t i on Ndimuons reconstructed, M2,mul Dcut triggerselection (P y)
g = detectable T,

dimuon generated, M1
N detectable (P T/ Y )

= Denominator (GEN)= dimuon + acceptance cut + mass cut 1
= Numerator (RECO)= dimuon + acceptance cut + mass cut 2 + mu ID cut + trigger selection

[Non-prompt]

. I-|.||| |":;'-I'|'-'rj." .!'J.':Jl-'||..l'*l I"’."

o 25 § . - ...:. .. r . .. . ?...-:.. :H
Ca e .-T|1 ':|-..J -.1-:'. 1l

.:...-. " II |.| e
o0& AL 28 H}"
._:.... .:.: ¢|. ==

p. (GeV/c)
w
T Io

T
N
)]

® mass cut 1
2.6 <m < 3.5 GeV/c?

® mass cut 2 AT
2.95 < m < 3.25 GeV/c? S S e

10] A

20}

* Tighter mass cut 2 is used
for the peak counting method

N

lab

FW BW
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https://cmsweb.cern.ch/das/request?input=dataset%3D%2FPYTHIA6_JPsiWithFSR_tuneD6T_5TeV02%2Ftdahms-Onia2MuMu_Jpsi_HiWinter13-pa_STARTHI53_V25-v1-68bf48a49e3ccdbf9aa4b3fd783a356e%2FUSER&instance=cms_dbs_ph_analysis_01
https://cmsweb.cern.ch/das/request?input=dataset%3D%2FPYTHIA6_JPsiWithFSR_tuneD6T_5TeV02%2Ftdahms-Onia2MuMu_Jpsi_HiWinter13-pa_STARTHI53_V25-v1-68bf48a49e3ccdbf9aa4b3fd783a356e%2FUSER&instance=cms_dbs_ph_analysis_01
https://cmsweb.cern.ch/das/request?input=dataset%3D%2FPYTHIA6_JPsiWithFSR_tuneD6T_5TeV02%2Ftdahms-Onia2MuMu_Jpsi_HiWinter13-pa_STARTHI53_V25-v1-68bf48a49e3ccdbf9aa4b3fd783a356e%2FUSER&instance=cms_dbs_ph_analysis_01
https://cmsweb.cern.ch/das/request?input=dataset%3D%2FPYTHIA6_JPsiWithFSR_tuneD6T_5TeV02%2Ftdahms-Onia2MuMu_Jpsi_HiWinter13-pa_STARTHI53_V25-v1-68bf48a49e3ccdbf9aa4b3fd783a356e%2FUSER&instance=cms_dbs_ph_analysis_01

S

Single p Efficiency

Tag and Probe
= efficiency = passing/(passing + failing)
= Trigger matching is corrected

[ muon ID efficiency |

P | | | |
T setsset—— ]
i * ]
0.9 5 g ]
34 CMS Preliminary 4
- Pb \s,,,=5T 1
s . (65 < p:n < 30.8 s8N 97 < ygV( 1.03) 1|
B (00<p" <300 88 2.4 <y"" <-1.97)|| -
- (30<p,"<30088103<y" " <193)
0.7 ]
N Muoen ID Efficiency ]
0.6 o MC (PYTHIA+EvtGen): 0.964 ***%
| -0.000% |
r = Data(pPb): 0.974" :::: ]
C ] ROV IRPEIPPITEN (PURNTRTL] (SPCRTIP AT L [l ]
%% 5 10 15 20 25
p'r‘ (GeVic)

= Tag : trkMu with double trig
= Probe : caloMu without trig
= Passing : matched to trkMu

w
(=]

Single u Efficiency

[ Tracking efficiency ]

1P ]
C - . ®* —
: on.of
L o“. T B =
0.9— B 3
- CMS Preliminary ]
- pPb s\, =5 TeV .
0.8— _
a .
0.7F* &
N Inner Tracking Efficiency ]
0.6— o MC (PYTHIA+EvtGen): 0.945* %"
- -0.0010 J
- - «0.0024 -
r = Data(pPb): 0.951° """ .
- N [P RT V] RPN [PTRMIvl| (ENEITIEA (v ]
%% 5 10 15 20 25 30
p$ (GeVic)

= Tag :trkMu with double trig
= Probe : outer track is non-null
= Passing : matched to trkMu

o

Single u Efficiency

I

09

08

0.7

06

o
a7

updated after frozen

YYYI]IIY!IYYIY]IY!Y‘Y!.’

‘,.”‘ o 8 ‘

CMS Preliminary
pPb s\, =5 TeV

*

$5<p,  <30.088-1.97 <y"" <1.03)|

(3.0<p;" <30.08& ((-24 <y’ <-1.97)1.03 <y™" < 1,

Trigger Efficiency
@ MC (PYTHIA+EvtGen): 0.777 * **"
-0.0004
» - Data(pPb): 0.786 * **°"'

-0.0017
’ l 4 4 1 A ' l A ' l A A ' A 1

Trigger efficiency ]

-4

L

»

w-111111111118111111L1L1

5 015 20 25
p: (GeVic)

= Tag :trkMu with single trig
= Probe : trkMu without trig
= Passing : matched to double trig

0

Ewverts /(006 Gove” )

passing -
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Jf“‘ failing
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Events (008 Geve' )
Everts 1 (0.08 eV’ )
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Single u Efficiency

1

= For trigger efficiency,
get pr distributions for 3 different eta ranges.
= Ratio = [TNP Data]/[TNP MC(C]
as a scale factor for MC efficiency

MC Efficiency ®

TNP corrected Efficiency =

TNP DATA efficiency of p*

TNP DATA efficiency of -

TNP MC efficiency of p*

TNP MC efficiency of y-

B i i 4
L i - ls—s ]
0.9 > ® * -
3 1 EMS Plelirfinary .
sk . pPB §dl =5TeVy -
E 08— !v My I ™
w - (65<py’ <30088-1.97 <y <.03) | .
= L ' . ' 4
pe - o (30< pi' <3008& ((-24<y"" <g1-97Ii(1.03 < y' ¥ < 1.48})
o 07— * =l
'UE) - | | B
i e irlgger Efficiency B ]
0.6— J-o MC (PYTHIA+Evt@en): 0.777 :;"“‘ =
- I = Data(pPb): 0.786 1°%" .
= -0.0017 -
0 5'_1 11 I 1 1 L 1 '1 11 L l 1 1 2 1 l L2 1 1 l 1 '.l 1 l 2 1 1 L l 11 2 1 l L1 1 _"
2 2 - -1 05 0 go05 1 1.5
T}
| n |
| | |
o ] | - T T
Ly = L 3
| =otott | et :
oof | $¥8%%le— * = 0o ]
ase |* CMS Preliminary B 3 By o CMS Preliminary ]
! = 5TV 0.8 frntuce -
PPb \sy =5 Te i1 8 PPD |y =5 TeV
~7— ;. vy = C ” —-:
0.7 (B5<p "<30088-197<y " <103 5 0.7 “5‘9:.‘300“_1‘9“,».‘1'03)"
0.6 ‘(30<p:'<30‘0&&“'2"<yJ'<"'97)“(“03<va<1"2” : 06 (30<D;'<30.0&&(|-2.4<y"<-L97}1|(1.00<y“<1.46)'
3 '“‘Y""~93-'2“"f"‘-‘7: 2 T 24 <y™ <193, 147 < < 0.28]
0.5k Trigger Efficiency 1 9 ,s Trigger Efficiency
: ®  MC (PYTHIA+EvtGen) - . o MC (PYTHIA+EviGen) .
0.4 - .
L —=— Data(pPb) . 0-4_, —=— Data(pPb) ]
B e R A L O P G . C ; 3
0% 5 10 15 20 25 30 0.3; R T T e
p’; (GeVic) p*; (GeVic)

Single u Efficiency

| = gestgpt—— 3 .
C - 3
0.9} = R
. CMS Preliminary E
08 o fniais :
& pPb \s, =5 TeV
0.7E (65<p]"<30088-197 <y <103 || B
0.8 (30<p, " <30088 ((-24 <y " < 197)|(1.03 <y " < 1.46}))
E 24<y¥<1903.028<n <193 ]
05 Trigger Efficiency
- ®  MC (PYTHIA+EvtGen) R
0.4
L ~=— Data(pPb)
Ca N N " 1 N N " i | Ad "
0% 5 10 15 20 25
p’; (GeVic)

T T T T T I

8 Ll

[ (GeVi)

1st run period
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differences between 1st & 2nd run

% 5 W G F) = 30
o} (Gavic)

2nd run period

‘= | ' -t
L : ] i
1 —
5 | | ]
= L] - . . .
b D <l = 1 = Same weighting procedure is done
> L I £MS Plelinfinary - i
g I i PG =5 T : for the 2nd run period.
— B ] — e!l. - i
g:-:’ 0.8— ! 2 IN . o
w -~ (6.5<pg <3008&-197<y ' <3.03)|| .
L | i % .
2l Bo<ny <3088 (24 <y <gionI103 <y <ragh) MC sample is one-way boosted to the
© - F] 8 . . .
5 y 1 d same direction with 1st run.
i rigger Efficiency ] . .
: of ' o (expect to be compensated by weighting)
0.6— I MC (PYTHIA+Evtgen): 0.777° "%
E .= Data(pPb): 0.786 1°%" )
= «0.0017 -1
05—111 I llll" llLlll 2 llllll'l ‘.ll 1 llllll 2 llll _" - NOt mUCh
2 2 - -1 -05 0 go05 1 1.5
T}
| n |
] ]
F f « ; T ; - 1 2
L - i - = gees s ]
3 .::‘goo i 3 : 0’3.‘3—0— e E ,: .. 3 3
0.9f - oo : ° | 0.9k # : 0.9} ° 4
§ 0.85 s CMs Fjrillmlnary ; §~ 08;" - CMS Preliminary § D.BE' - CMS F:rillmlnary ;
g2 pPb Vs, =5TeV ] 8 ' < pPb Sy, =5 TeV 8 [ o pPb |5y, =5 TeV ]
B o7 (65<p;" <30.088-1.97 <y"" <1.03) | 1 & o7 B5<p]”<30088-197<y"" <103 : b o7 (65<p;" <30.088-1.97<y"" <1.03) | 3
; 0.6 (30<p;'<300&& ((-2.4¢y*'<-1.97)“(‘.0347*'< 1.‘2” : (30<p;'<30_0&& “'2-‘<Y"<"-97”|(1~M<73" 1.46 ) ; 3 (30<D:'<30—0&&((-2.4<y"<-1.97)(|(l.00<y"<1.42))
g ' 3 * -24<y"<1.93.-24<q’<-1.47: ? 0.6~ -24<y"<1.93.-147<!f-<028—“ _8_° ' 3 24<y¥<1983.028<y" <193 ]
nh 0.5- Trigger Efficiency ] ) 0.5“ Trigger Eficlency ] N 05- Trigger Efficiency ]
04: - MC (PYTHIA*EviGen) : o MC (PYTHIA*EViGen) 045 = MG U THRATEVGIn) ]
S ~a— Data(pPb) : 04p o DalaPt) 1 E ~s— Data(pPb) ]
«PENEPIrSl ENPEMIPE IPEIPET ISP DPET IR C i . a D[A.A.xli.,.‘..,*
0% 5 10 15 20 25 30 0" 35 =20 25 30 % 5 10 15 20 25 30
p’; (GeVic) p}; (GeVic) p’; (GeVic)
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Efficiency

= 2D efficiency table pt vs yiab for Rrg measurement
= Results for other binning are on AN
[1st run] [2nd run]

30

25

20

15

P, (GeVic)
P, (GeV/c)

[Prompt]

[Non-prompt]

P; (GeV/c)
P, (GeVl/c)

© Systematic Uncertainties
= Consider the difference between MC efficiency and TNP weighted efficiency
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KOREA

Results : Cross-section

© Double differential cross-section PAS Fig.4 - Fig.5
o N7(J/¢p — u*u ) is the acceptance and the efficiency corrected number of ]/y
o NCO"(J/‘P X }l+}l_) decayed in the u* u~ channel in given bin;

o Liy = (34.6 £ 1.6)nb ! is the integrated luminosity;
e B(J/y = utpu ) = (5.93 = 0.06)% is the branching ratio of the J/y — u*u~ decay;
e Apr and Ay are the widths of the (p1,y) bin.

dprdy ~ Liw x B/ — ptpu~) x AprlAy

[Prompt] [Non-prompt]
3 105 =_| L LA L L L ] 3 105 E_I T T LIS L Y N L N L L L B L B B B -
= = Prompt JAp 3 3 = Nonprompt J/y =
e - 9 —o-O<y,, <1 . - B —o-O<y_ <1 —
- . _ o a4l cM |
-8' 104§ — O _ e 0O<-y <A1 E §o] 10 = +0<-yCM<1 E
— E 1<v ™ 150 x10 ] > - o 1<y <150 (x10) ]
e . - —o— 1<y <" (x10) . kS, o ° o om =T B
£ 10° @t —e 1<y, <150 (x10) = 8 10° £ . —e 1<-y_ <150 (x10) E
- . & ~o 150<y_ <1.93 (x100) 7 - - o 150<y_ <1.93 (x100) 7
102 = & e e 150<-y <24 (x100) —= 10° —o— e 1.50<-y_ <24 (x100) —
= o c™ 3 = Ag P — oM =
- -* - 3 = @f 3
. | —-@— ]
- R 3 - - ]
e -o—

15 L, =35nb" ® = 15 L, =35nb" - ® 5
- pPb\sy=5TeV ] ~ pPb\sy, =5TeV ]
10 = @ 5 10™ E L. ® =
= CMS preliminary 3 S CMS preliminary 3

10-2 B PR S ST TN N T T ST N ST AN N A SY NS N NS NN S NN S S N | 10-2 coeoe e e e e e b e
0 5 10 15 20 25 30 0 3 10 15 20 25 30

P, (GeV/c) P, (GeV/c)

= No strong rapidity dependence
= Clue for the different production yield in forward and backward for low pr
= Systematic uncertainties will be updated.
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Results

[Prompt] [Non-prompt]

o 1.2

R

o
L
R

0.8 . . 0.8 -

) : - 8 :

0.6 — 0.6 —

0.4 o - . 0.4 - -

_ Prompt JAy CMS preliminary | - Nonprompt J/y CMS preliminary |

- o O<ly 1<0.9 B - e O<ly 1<0.9 B

- CM — - - CM — —

02 w09<ly_l<15 PO\Sw=5TeV 02 w09<ly_l<t15 PPOISw=STOV

[ 4 15<ly_l<193 L,=385nb" i [ 4 15<ly_l<193 L, =35nb" 1

O_ |1 1 1 | I | | I | | I | | I | | I i 0_ | I | | | I | | | I | | | I | | | I | | | I | ]
0 5 10 15 20 25 30 0 5 10 15 20 25 30

p, (GeV/c) p. (GeVic)

= No strong dependency on rapidity
= Rrg decreases smaller than unity as pt becomes lower (smaller x).
= |[mproving systematic uncertainties in progress
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o Two variables for multiplicity
m 1. Niracks M<24l (binning : 0, 65, 95, 350)
s 2. EfHF In>4l (binning : 0, 20, 30, 120 GeV) *
= We investigated dependence on ErHF In>4l

[min-bias sample] [muon sample]
Q ’ | L2 | L2 | | 5 ’ 2 : . LA ' LEE ) ' B R -
[ - [ = N
4 - PP _
@ 10% & 1°F :
10° . 10';
10*:- 1 10°F
10° ] .
3 T 102% >
[ G
106"‘ E 10r— ?0 -
" #s
10 3 1 ‘“.']
L | EPEIT IO PRSP e | N ] : PPl BT prararan i ) B
0 20 40 60 80 100 120 0 20 40 60 80 100 120
E:th-ﬂ E:thPﬂ

= Fraction for each bins are selected ~30% in muon sample

according to statistics for fitting procedure.

HF
-5.2

[Fractions in min-bias sample]

>N
Track HF
-2.4 ~24 o

-

[E7>*]  (E>%Y  Frac

pPb
min-
bias

0-20.0 9.4 73%
20.0-30.0 243 18%
> 30.0 37.2 9%
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Results :

EtHF dependence

PAS Fig.7 -

lycm| larger

KOREA

J

Fig.9

30

m i L L T 1T L L L ] m i L L T 1T L L L ] m i L L T 1T L L L ]
L L L
o 1.2 n o 1.2 n o 1.2~ 7
= ftl *********************** = | R ‘ ******************************* 7 L s 7
0.8/ -4 o8} . 0.8/ i =
[ P ] 0.6/ - oel . 0.6/ .
- CMS preliminary | - CMS preliminary | - CMS preliminary |
0.4 . 0.4 . 0.4 .
[ Prompt J:;" . PPb|s=5TeV | [ Prompt JH/;P . PPb|s=5TeV | [ Prompt JH/;P . pPb\s =5TeV |
[ CO0<E T<20 o ] [ CO0<E T<20 o ] [ CO0<E T<20 o ]
02~ w20<E" ™ <30 o Y 1<08 - 02 =20<E" ™ <30 o y <15 S 02~ w20<E" ™ <30 s y <183
B U< <0. N B < <T. N B o< <T. N
- ¢30<E oM . - ¢30<E oM . - ¢30<E cm -
I I ‘ I ‘ I ‘ L1 1 | ‘ I I ‘ I I - I I ‘ I ‘ I ‘ L1 1 | ‘ I I ‘ I I - I I ‘ I ‘ I ‘ L1 1 | ‘ I I ‘ I I -
% 5 10 15 20 25 30 % 5 10 15 20 25 30 % 5 10 15 20 25 30
P, (GeVlc) P, (GeVlc) P, (GeV/c)
m L L L ‘ L ‘ L L m L L ‘ L ‘ L ‘ L L m L L ‘ L ‘ L ‘ L T 1T
L B 1 L B 1 [T B 1
C 1.2 % - 12 i - @12 =
L RRRREEEEEE CEEEEEEE B ~ | s SRCREEY (LR R LR EE L EEEREEE ~ L - el DR =
0.8 . . 0.8/ - 0.8 .
[Non-prompt] .. 1 L 1 L i
- CMS preliminary | - CMS preliminary | - CMS preliminary |
0.4~ . 0.4~ . 0.4~ .
oeo0<E <20 ] [ *0<E, " <20 L a5 i | *0<E " <20 L =35nb" i
02 =20<E ™ <30 o Y 1<08 5 02~ =20<E" ™ <30 o y <15 5 02 =20<E! ™ <30 . v l<13
B U< <V. N B - < <. N B o< <. N
- +30<E ™ om - - +30<E ™ om - - +30<E ™ om -
L1 1 | ‘ I I ‘ I I ‘ I ‘ I ‘ L1 1 | L1 1 | ‘ I I ‘ I ‘ I ‘ L1 1 | ‘ L1 1 | I ‘ L1 1 | ‘ I I ‘ I I ‘ I ‘ I
% 5 10 15 20 25 30 % 5 10 15 20 25 30 % 5 10 15 20 25
P, (GeV/c) P, (GeV/c) P, (GeV/c)

= Rrg becomes smaller for lower pt and higher multiplicity.
= |[mproving systematic uncertainties in progress.
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o Total systematic uncertainties

= +/ (Acceptance)?+(TNP weighted Efficiency)? + (Fitting)?

= Acceptance : 0.07 - 0.96 %
= TNP weighted Efficiency : 0.36- 17.08 %
= Fitting : 0.16-14.74 %

m Total : 1.4-19 %

= Systematic uncertainties are calculated to be conservative.
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© Preliminary results for dependency on Niracks

= Not plotted in <pt> and and systematic uncertainties are in progress
= Extracted signals will be double-checked later.

0<|ycm|<0.9
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Summary

© Finalize systematic uncertainties
© Fine-tuning and double-checking on signal extraction results
© Niracks dependence for Rrg measurement

© complete above items within 1 week

© We believe that our final results will not be altered considerably
after complete above lists which are fine-tuning.
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/2 =
O

Unfolding

Matrix of the reconstructed vs generated pr
= Prompt J/P = Non-prompt J/g

RECO p, (GeV/c)
2

RECO p, (GeVic)

| 1 0

- S RECOpr — GENpr . oy vio
= Check the amount of resolution effects (bin migration) GENpr
= e.g.) Prompt J/y generated in 6.5-7.5 GeV/c bin ot T
4% of them are reconstructed in 5.0-6.5 GeV/c rooof. ™5 : -0:00046
| sigma:0.01167
93% of them are correctly reconstructed in 6.5-7.5 GeV/c e more
3% of them are reconstructed in 7.5-8.5 GeV/c s detailg are
> on AN
= RECO pt and GEN pt show a strong correlation.
_> UnfOIding WiII nOt be USEd in this analySiS -%T1-0.08-0. 6-0.04-0.02 0 0.02 0.04 0.06 0.08 0.1

[RECO p_-GEN p.] / [GEN p ]
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o Rapidity shift
= For Rrs, we selected the symmetric bins in CM frame

[1strun] [2nd run]
1. Run 210498-211256 (18/nb) you Yisb Yieb
Ref. system Pb+p (‘ . symrr:etric bins[ in CM : L) 1.93 -2.4 2.4
LAB 24 147 | 047 0.53 .46 24 11 255 '1 _9,; 1 ?;—
CO(Lé‘:')oN_ 1.93 [ 0 -l 193 | 287 [Ney =~ (N + 0.465) 1.'0 -1 :47 1:47
0.75 -1.22 1.22
F d
orwar 6—» 4—? Backward 0.5 -0.97 0.97
0.25 -0.72 0.72
2.Run 211313-211631 (12/nb) 0.0 -0.47 0.47
y I I Jo==—=y N -0.25 -0.22 0.22
Ref.system | p+Pb <‘ symmetric bins in CM ') 05 0.03 -0.03
LAB -2.4 -1.46 -0.53 0.47 1.47 24 -0.75 0.28 -0.28
COLLISION 287 | .193 r 0 I 193 | Nem = Niap — 0.465 -1.0 0.53 -0.53
. -1.25 0.78 -0.78
Backward @—> ._° Forward -1.5 1.03 -1.03
P -1.93 1.46 -1.46
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PEE method

e PDF for ideal detector Fj ..

* PDF for realistic detector FR:Ftrue(X)R(”Ma@

e ly/p err 01 < vertex position & ptl trajectory
. detector resolution varies from event to event

- Each events characterized by (1,dl), not (1)
-~ s;i : more weighting for smaller dl

e PDF enhanced Fg = Fj . ® R(|

-

[Convolution]
_A RooPlot of _'_’!‘}’_E‘__t_!‘,';‘__ A RooPlot of "I, /o(/, )"
E L v Ty _“ Fm‘_ ..... W
€ 10k orau:oano.?o o ] del’ -
§ , My 5 o (f % 9)(t) / f(r)g(t —7)dr
g ] & | . / s
S 1w o f(t—=7)g(7)dr.
2 i
g i - < f
105 ot ’.,o 'J [
.? ’ 1w: g \
T ‘
o ;o nu : | . . ) f‘g
005 1 15 2 25 3 o e o T T Y _/f] IS—
JAp cx true (mm) l, Io(lw)
" AL | |
. 4
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PEE method

N
e muy & ly/y ¢ 2-D fit by a log-likelihood InL=-) InF({y, mu)
=1

w/o PEE : F(u,muu) = fsig - Fsig(&p) - Msig(myuy) + (1 — fsig) - Farg(43p) - Mg (mpy)
w PEE : F(fj/qn m}l;l) - /[fSig DSig(UI)‘FSig(éj/qn 0¢) - MSig(mml) T
(1= fSig) : DBkg(UI *FBkg(éj/qu 0¢) - MBkg(m;qc)]dUl‘.

»
%;
$
E
d

e fsig : fraction of signal(inclusive J/VY)
Dsig,Bkg ¢ distributions of the errors
Msig(muyu) : 1 Gaussain + 1 CB
Mpkg(muu) : exponential

Fsig,ekq(la/p)

Eveonts / ( 0.0064 mm )

fl’llt A _ " Laa‘z‘ﬁa‘éosooe 01 012014018 |
W/O PEE : FSI\' Bkg el/ll’ Slg Bkg £J/([') X R (gj/(l? 1/ |;l/ Ul) R 0.02 0.04 ooeooeJ:‘ucc::';:":nz

w PEE :  Fgio pro(Opp 1) = Z Fsig.ig (Gg) @ Rillyy — Gyl sio)

e fy : fraction of non-prompt J/Y
Fo(ls/p) : simply resolution func.(Gaussian)
Fg(ls/p) : convolution of resolution func. & non prompt MC lj,y dist.
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Signal extraction

o Fitting procedure
1. Dimuon invariant mass fit
= Get the yield of signal(inclusive) and background

= Background : one exponential functions
= Signal : one Gaussian + one Crystal ball functions (-- final state radiation)

N (m—myg)? m—m .

fep(m) = T =P~ EEE) g R
=8 N (n)"ex (_;ﬂi)(n _|a|_m)_" for =M < _gq
V2mocg \|a] P 2 [a] 7CB £ ocg — 3

—
(@)
w
TT

2. Non-prompt MC template
= constrain ¢,y (true) of non-prompt J/p

Events / ( 0.0206667 mm )
S

—
o
TTTT

| 2.5I ‘

3
J/p ct true (mm)
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KOREA

Signal extraction

3. prompt MC template
= PEE (Per Event Error) method
= Resolution shape : sum of 2 gaussians

4. The mass sideband regions [2.6-2.9] and [3.2-3.5] GeV/c?
= background ¢,y distribution

= Combination of exponential decay functions with 3 different slopes
( Standard background functions invented by CDF)

— TTTT I TTTT I TTTT I TTTT I TTTT I IIIIIIIIIIIIIIII
: |||||||||||||||| 7 |* ||||||||||||||||||| E B CMS Preliminary 7
~ _A3l_ _ —
S 8 10°F pPb \/s\ =5 TeV 5
. - — -1 -1.72<y<-1.47 -
v102_ | o C Lim—18nb ]
~ C g 6.5< p, < 30 GeV/c
_|(L) @ 3 Cent. 0-100%
c = it
() _ 8 AN ! ® sideband data |
Lﬁ 10 E *- ‘t* == background 3
S
%
10 — PooH

o(G,): 0.91
o(G, ): 1.99

S F‘ﬂ‘ﬁf

—=
Pull

45— x2/dof = 45.97/42
2 e e 5. total PDF fitting
11 P S I O A N I e B o A TEUEECAA . ]
5 4 3 2 -1 0 1 2 3 4 5 o ] = Get the b-fraction
lJ/lP/O(lJlxp) -4 =
45 1 05 0 05 1 15 2 25 3
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check variables

KOREA

<J

we
o dimuon distributions in datasets (from 2nd run periods)
~ - ~ —~ 10000
. 20000F o - I
%o, 18000F- . 3 :...... S -
(O] E O 104:_. [ ?J 8000_—
o 16000F N % g - ¢
l C Ny i ° Q
S 14000( . P ., 2 -,
2 120000 ° g 10 %, 6000 ®
; - L - 0.. L
€ 10000F B oo e
o - L
I 8000 107 *oee 4000} o
- ° - % I
60005— o - ﬁgﬁﬁ A i :
40001 . . 10E 20001 A 0
2000 * ° - ﬁ+ * .\ ..0'.
0657 28 28 3 51 32 33 34 35 050 5 50 55 B0 8540 45 Q% 2151050 05 1 15 2 25
m,, (GeV/c?) p, (GeVic) Yo
z(\-_)\ 45: @3'5 - 2200
- S~
E g 2000 >34 1... - 2000
SA 1800 S . 1800
o35 23.3 u u
- 1600 = 1600
30F 1400 32 1400
251 1200 3.1 1200
20F- 1000 1000
153 29 800
; 600
10H 2.8
u 400
51 2.7 200
: ||IIIIIIIIIIIIIIIIIIIIIIIIII
-%.5 2 -15-1-050 05 1 15 2 25 2'60 5 10 15 20 25 30 35 40 45 0
Yo P, (GeV/c)
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Kinematic ranges are different! (Not apple to apple)

E _I T T T T T LI T T T T T T T T T T I_
o 1.4~ 7]
1.2 .
) - e —
0.81 .
0.6 .
04 L,=30nb" pPb\sy=5TeV ]
- -o- Prompt JAp Cent. 0-100 % s
0.2~ e NonpromptJiy  65<p <30GeVic ]
O_I 1 1 | 1 11 | 1 11 | 1 1| | 1 11 | 1 11 | 1 1 | | 1 11 | 1 11 | 1 I_

0 02 04 06 08 1 12 14 16 1.8

ycm

Result before
2D-correction

e ALICE
» pr < 15 GeV/c & 2.96< |yem| < 3.53

[ -
T1.2f p-Pb |s, = 5.02 TeV, inclusive J/y-—u*w, 0<p7<15 GeV/c
1
08}
0.6}
0.4
(-3 EPS09 NLO (Vogt)
22723 EPS09 LO (Ferreiro ot al)
0.2+ — - — nDSG LO (Ferreiro et al)
I essses Eloss, q=0.075 GeVi/m (Arleo et al)
[ :mnw.nou.q,-ooucw’mwmau)
P PRI N 5 "
0 28 3 32 3.4 3.6 3.8

cms

e LHCb

» pr < 14 GeV/c & 2< |yem| <5
e 1,4 L B N S S S S e S e e ‘.4 L EE R e BRE GEE MM e Sww PYE EEA W em ww DEN W R IEm X
o« (a) —¢— LHCb, Prompt Jy | & (b) LD ~#- LHCb, JAy fromb -
pr{_-SYoV : 1 pPb {8 =5 TeV 1
1.2 p, <14 GeVic = 1.2_ p, <14 GeVic =l
08f- : \F i 4 osf ‘ R
N \"\\ - - B
b EPS09 LO '—f-"*f" 1 ! | '
0.6 EPS09 NLO NG 5 0.6~ -
. nmlo ‘\‘ \\\ R R 4
2 E.loss A Nia S : EPS09 LO ;
04F - Elosseepsiamo S A 0.4~ nDSg LO F

“““““ Smmmeae Ak A, a3 g-a-R g9 g a1 1

0 1 2 3 4 5 0 1 2 3 3 5
lyl lyl
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Kinematic ranges are different! (Not apple to apple)

e ALICE
« pr < 15GeV/c & 2.96< |ycm| < 3.53

=1.6
c p-Pb |8,,=5.02 TeV, inclusive Jiy-—»u'w, 296 < |y__ | <3.53
14}

1.2}

e f 't
o 14r 7 08}
. 0.6 Fi-_g~
1.2_— — [Ty

04}

[5]  EPS09 NLO (Vogt)
0.2 ________ ELoas, Q.M” GoViten (Arieo ot al.)
[ — MNLOOMQOMQV’MMGCH

[ 1 g Ol e Ay L f L

_ o0 2 4 6 8 10 12 14
pT(GeV/c)

! ] e LHCD
ot - » pT < 14 GeV/c & 2< |yem| <5

- - -1 Pb\s\, =5 TeV _ TR
0.4~ L,=30nb PPD |/syy - K S I T TR
- Prompt JAp Cent. 0-100 % 1.4 pPb s, =5TeV ~#— LHCb, Jiy fromb

25<lyl<4.0

0.2:— -o- Nonprompt J/y  -1.93 < y, <193 —:

e T s T T 0 s a0 o;++:£ |¥
p, (GeVic) B3 5¢ [ L
0.4 /5MNW -
Result before o2f —tem
2D-correction
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© BPH-10-014

[Prompt] [non-prompt]
oy — - ~ - . - - — 1 E=l Bl 1 Y Y T T T ?
L i _ Vs=7TeV L=36.7pb" | § 035 “‘% Vs=7TeV L=36.7 pb” -
% 103 E:— -Q“Q‘ S 0.00 < Iyl < 0.90 (x625) _::j (o) B -Q-.Q 5 0.00 <lyl <0,90 (x625)
- <Wi< o = i £3 0.90 <lyl <1.20 (x1 2
(\D : ~¢~ Q-Q~ —f}’: ?.:<::<:2:x:)ﬂ } (9 102 = —{;" ~¢~>¢.‘ —p— 1.20<I:<1.60:x2:)5’ .
o +~Q- 2 o 160<ly1<210(x5) | B = % {P' 4 1.60 <lyl <210 (x5)
5 1 02 E_ .ol'% - # - 210<lyl <2.40 (x1) ? 5 2 ‘Q.Q.'Q_ —(P—' B *— 2,10 <lyl < 2.40 (x1) 7]
% - _¢% % —{;)—"Q“‘ NRQCD E % s -§+ ——q)—o FONLL
- % W0 - 10F %, % G . T =
Q — '%' a's - Q. E o g
- 10¢ ol TR ) - Wy =0
; ™ # '{” o~ p > ™ .¢‘.¢.
35 . e ) e ¢ 5 3 | +'"' 'Q' -
. o 1 = R ¢ S — C
E 1 ™ | E 5 Ty g '
gb = o > i g- " -+ )
B . . S 10k + _CP—_?_:-
x 107 E = p—— 3 QE 2
@ | CMS Preliminary N p— | : X . [ CMSPreliminary ! -
102 - Lumi. and polariz. 3 10 ' umi. and potariz. ¥
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it Il W AR ] | L 1 1 1 . S T | 1 1 N 1 [ -
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