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Overview of CMS results in 2013 SQM
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Overview of CMS results in 2015 SQM

Charmonia Bottomonia Open beauty
Pb+Pb JJW R Y'(nS) modification BjetR,,
2.76 TeV CMS-HIN-12-014 PRL 109(2012) 222301 | PRL 113 (2014) 132301
J/r Flow CMS-HIN-15-001 (update)
CMS-HIN-12-001
W(25)
PRL 113 (2014)262341
J/W in UPC
CMS-HIN-12-009
p+Pb J/W cross section Y'(nS) modification BjetR .
5.02 TeV CMS-HIN-14-009 JHEP 04 (2014) 103 CMS-HIN-14-007
p+p 7 TeV Polarization in p+p B meson R,
Heavy ion CMS-HIN-15-003 CMS-HIN-14-004

relevant analysis

New results of p+Pb collision at 5.02TeV

x20 higher luminosity of p+p collision at 2.76TeV

Re-analysis of Pb+Pb with improved muon reconstruction (2.76TeV)
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CMS detector

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS
Overall diameter :15.0m
Overall length  :28.7m
Magnetic field 38T

Pixel (100x150 um) ~16m* ~66M channels
Microstrips (80x180 gm) ~200m? ~9.6M channels

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS

PRESHOWER

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

/

HADRON CALORIMETER (HCAL)

Brass + Plastic scintillator ~7,000 channels

~

Hermetic coverage for muon and charged hadron

L N NERQ

-RPC, CSC, DT for reconstruction of muons
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Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

Silicon strips ~16m* ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channel:
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Various signal peaks of muon pairs in CMS
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Outline of today’s story

Lessons from Y'(nS) suppression and its dependence on
kinematics in in Pb+Pb collision

Comparison of Y(nS) vs. J/Y in Pb+Pb
Comparison of p+Pb vs. Pb+Pb system in terms of Y (nS)

Investigation of cold nuclear matter effect in p+Pb using Y,
J/U, B meson and B jet

9-Jul-15 Yongsun Kim 7



- b |
.f‘.\_m\ b ,Y

o ..R%,,., @




<
<
o

Y results in 2013

PRL 109(2012) 222301
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e Suppression of Y in Pb+Pb collision was clear, but statistical uncertainty was
too large for differential cross-section
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Y suppression in Pb+Pb updated
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* Confirmation of centrality dependence of Y suppression

* Almost flat R,, for 1S and 2S states in |y|<2.4, p; < 20GeV/c.

* Expect to constrain theoretical models

e 3Sstates not observed. Suppressed by more than 7 at 95% confidence level
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Y suppression in Pb+Pb updated
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* Confirmation of centrality dependence of Y suppression

* Almost flat R,, for 1S and 2S states in |y|<2.4, p; < 20GeV/c.

* Expect to constrain theoretical models

e 3Sstates not observed. Suppressed by more than 7 at 95% confidence level
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Y suppression in Pb+Pb updated
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* Confirmation of centrality dependence of Y suppression
* Almost flat R,, for 1S and 2S states in |y|<2.4, p; < 20GeV/c.
* Expect to constrain theoretical models
[ ]
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3S states not observed. Suppressed by more than 7 at 95% confidence level




Y suppression in Pb+Pb updated
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3S states not observed. Suppressed by more than 7 at 95% confidence level
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Y(2S) suppression in Pb+Pb

) 0.5 -
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The distinctive suppression patterns of Y(nS) is quantified as Y(nS)/Y(1S)

ratios for p+p and Pb+Pb respectively
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Yield modification of Y(2S) in p+Pb
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* Double ratio (Pb+Pb)/(p+p) means how much the suppression patterns in
Y(nS) are different from Y(1S)
- 1 :Y(2S) equally suppressed as Y(1S)
- <1 :Y(2S) more suppressed than Y(1S) € PbPb result
- >1 :Y(2S) less suppressed than  Y(1S)
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D(25)/(1S) = Y(2S)/Y(1S) ?

PRL 113 (2014) 262301
IIIIIIIIIIIIIIIIIIIIII
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* No. The double ratio significantly depends on rapidity range

* Inl.6<|y|<2.4, (2S) was less suppressed than (1S), which was not
observed for Y (nS)

* Not explained by only naive thermal suppression of quarkonia states
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Efforts to understand cold medium

III I I lIlllII

N§ - JAY CMS Preliminary 2I013 .
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1 10 102
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Beyond suppression by hot medium, quarkonia production is subject to several
cold nuclear matter effects

- Before Quarkonia production : nPDF modification, Cronin effect, energy loss
- After Quarkonia production : absorption, co-moving hadron collision
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Y(2S) suppression in Pp+Pb

]Pp
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* Double ratio (Pb+Pb)/(p+p) means how much the suppression patterns in
Y(nS) are different from Y(1S)
- 1 ifY(nS) is suppressed by same factors of Y(1S)
- <1 if Y(nS) is more suppressed than Y(1S) € PbPb result
- >1 if Y(nS) is less suppressed than Y(1S)
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Yield modification of Y(nS) in p+Pb

JHEP 04 (2014) 103
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* Confirms that the large suppression of Y(nS) in Pb+Pb is the final state effect

* Yet, we see a considerable modification of yield in p+Pb . How is this
phenomenon compared to those in PbPb and pp?

Chis,

9-Jul-15 Yongsun Kim 20



Multiplicity dependence of Y yield

Y(2S)/Y(1S) ratio monotonically
drops as a function of multiplicity in
p+p, p+Pb and Pb+Pb system

—~~

-

=
e

Y(2S)

Follow-up questions

When is modification
happening? Before or after
formation of 00 bound state?
Are p+p and p+Pb comparable
for same multiplicity events?

The polarization information can
help to understand the quantum
properties of the pre-resonant
state

Let’s stop by our NEW polarization
result of Y in p+p for the next 2
slides and come back to heavy ion
physics
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Same phenomenology in p+p, p+Pb and
pb+Pb? Or too hasty conclusion?
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Modification of polarization can be
thought of as the signal of interaction
exerted during the formation of Q0
bound state =» final state effect

Polarization of Y states propagates to
the anisotropic angular distribution of

the decayed muons

2 , frame independent variable, was
used to quantify the distribution shape

Dependence on particle multiplicity in
p+p collisions was investigated to find
the correlation with surrounding

hadrons
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Polarization of Y in p+p at 7TeV

' CMS pp Vs=7TevL=dof6" § .. ... 1
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(-.) 1.0 2.0 3.0 4.0 5.0 (l) B .1l0. B -2l0. B .3l0. B 4l0 B 5l0 — 0 1l0 210 3lO 4l0 5lO
Nch Nch Nch
Y polarizations were shown to remain near the unpolarized limit, with no
significant dependence on particle multiplicity

The result excludes the case of intense modification of quarkonium
production processes by underlying events
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CMS measured the double

differential cross-section of J/{s

Non-prompt J/ (from B

meson) are separated using

decay length recognition
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J/W in p+Pb

34.6 nb” (pPb 5.02 TeV)

o CMS Preliminary
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Lessons from J/{ cross-section in p+Pb

,CMS Preliminary  34.6 nb” (pPb 5.02 TeV) 1S

o) B antishadowing Fermi-
= - : 0 IO o o motion
= | -=65<p <10GeVlc | PromptJ/y B :
> - ! L :
o 3'5: —4-10<p_<30GeV/c  Glgbal uncertainty : 3.5 % 0 L T LR TR | S Jonln Rl R
-8 3:_ l <o :
x n < - i  EMC-
o - * 0.6 N effect :--yc
25 :_ 5 Yor shadowing
- . a 02 F X, %,
2__ . i 1 1 lllllll 1 1 lllllll 1 1 llllll
C u i
- . . 10° 102 10" I
1.5—m i ~
: > ey
- P : Pb V my, +piy, N
1__ 1 x — . e }/
C ! 1,2 NG
0.5 +
- o ¢ ot MR 4 2
O:| 11 I L1111 | I 111 I L1111 I | | I | | Il | | I | | | 111 I 111 CIVIS Covers : 10 < X2 < 10
25 2 15 1 05 0 05 1 1.5 Incaseof 2 ->1 process
yCM

Gluon distribution directly reflects to (p;, y) distribution of prompt J/{s

Modification of PDF can be probed by asymmetry of J/s yield between p-
going direction and pb-going direction
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Lessons from J/{ cross-section in p+Pb

34.6 nb” (pPb 5.02 TeV)

4CMS Preliminary

o r
= - ®-65<p_ Jiy
> C
% 3'5:+10<pT :3.5%
U -
< o
o o
2.5
z * :
2~ . =
- = .
1.5m
- pC—>i€« Pb
1= :
0.5 PO
., ¢ 0 R A
O_IIIIIIIIIIIIIIIlIIIIlI|IIlIIlIIlIIIIlIIlIllIIlII
25 2 15 -1 05 0 05 1 15
Yeu

Gluon distribution directly reflects to (p;, y) distribution of prompt J/{s

Modification of PDF can be probed by asymmetry of J/s yield between p-

going direction and pb-going direction

Let’s fold plot around y,,=0 to compare Forward/Backgrward yields, R,
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Lessons from J/{ cross-section in p+Pb

CMS Preliminary ~ 34.6 nb™” (pPb 5.02 TeV) CMS Preliminary ~ 34.6 nb™" (pPb 5.02 TeV)
[a3] - [an] F
T 14 Prompt J/y T 41 CMS-HIN-14-009
e [ e
0.9 * 0.9F ++ +
0.8 # 0.8 ++ +++
0-7:— *0<ly_[<09 0-7:— 6.5 <p_<30GeV/c
B - [ #00<ly, <09
0.6/ 0.9 <lygl <1.5 0.6 m09<ly |<15
N *15<ly, <193 [ #15<ly <193
05_||||IIIIIII|I|||III|II[|III|III|I Os_l||||||1|||I[||||II|IIII|IIII|IIII|IIII|]]II|IIII
o 2 4 6 8 10 12 14 16 0 5 10 15 20 25 30 35 40 45 50
p. [GeVic] Ey " [GeV]

* (Left) The R;z monotonically decreases for low p; confirming significant
modification of PDF.
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Lessons from J/{ cross-section in p+Pb

CMS Preliminary ~ 34.6 nb™” (pPb 5.02 TeV) CMS Preliminary ~ 34.6 nb™" (pPb 5.02 TeV)
[a3] - [an] F
T 14 Prompt J/y T 41 CMS-HIN-14-009
e o e
0.9 * 0.9F ++ +
0.8 # 0.8 ++ +++
7 + 7
07: ®0<ly_|<09 0 - 6.5<p_<30GeV/c
N - - #00<ly_ <09
06 09<ly,l<15 0.6 m09<ly_ <15 Larger event
- +-15< Iy, <1-93 E +15<ly_ | <193 activity
O.S_IllllII|III|III|III|III|III|||||| 0.5IIII|II1I|II[I|IIII|IIII|IIII|IIII|IIII|]]II|IIII
0 2 4 6 8 10 12 14 16 0 5 10 15 20 25 30 35 40 45 50
p. [GeVic] Ey " [GeV]

* (Left) The R;z monotonically decreases for low p; confirming significant
modification of PDF.

* (Right) Measured Ry as a function of event activity* to investigate centrality
dependence. Asymmetry is enhanced for higher event activity bins
*Event activity = transverse energy deposited in forward calorimeter 4<|n|<5.2

Chis,
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Lessons from J/{ cross-section in p+Pb

CMS Preliminary

34.6 nb™ (pPb 5.02 TeV)

s3] e
R Prompt J/y
1=
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0.7—6.5< p, <30 GeV/c
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Consistent with

ALICE J/\ result <> .,

B8 4 4 b cusive s, vies) - wn ALICE Preliminary
S p-Pb \s,=5.02 TeV, 2.03 <y__ < 3.53 (p-going direction)
1.2
1
®
08 B
&
=
0.6F | 1 1 =
0.4
* Jy
02 | ves)
0 1 1 1 1
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ZN Energy E|
1.4 | Inclusive J/y, w(2S) - ww’ ALICE Preliminary
P-Pb \sy= 5.02 TeV, -4.46 <y,__ < -2.96 (Pb-going direction)
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I g 0
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0.8 ?} EI
06 I
041
¢y
02r w(2S) l
1 1 1
80-100 60-80 40-60 20-40 5-20

ZN Energy Event Class (%)

* (Left) The R;z monotonically decreases for low p; confirming significant
modification of PDF.

* (Right) Measured Ry as a function of event activity* to investigate centrality
dependence. Asymmetry is enhanced for higher event activity bins

*Event activity = transverse energy deposited in forward calorimeter 4<|n|<5.2

9-Jul-15

Yongsun Kim

29



Senicdl oo

¥ 91 | esug




Result of non-prompt J/{ (feed from B meson)

FB

o

CMS Preliminary ~ 34.6 nb™ (pPb 5.02 TeV) CMS Preliminary ~ 34.6 nb™ (pPb 5.02 TeV)
- om -
1.4 Non-prompt J/y oy { Non-prompt J/y
A - + ————————— L GLORSCECELETRT S EECELPESPREERTRPSPREts
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7 7 +
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HF >4
p, [GeVic] Ery " [GeV]

Non-prompt J/{ results show same trend with prompt J/{, but the effect is
less significant by larger uncertainty
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Fully reconstructed B-meson

Non-prompt J/\ combined with...

K+
34.6 nb”" (pPb 5.02 TeV)

LCMS B
(\1\200 " Preliminary 10< pT <15 GeV/c
Q BY |ylabl <24
° 150:

N -o- Data
§ i — Fit
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3 8B — Jiy X
£ 50R
L i

5 152535.4555.65.75.65.0 6
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k -
. K* g (KH+10)
34.6 nb™' (pPb 5.02 TeV)
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-o- Data
— Fit
Signal
== Combinatorial

1 1

55354555657585.9

Mg (GeV/c?)

 Two kinds of background rejected to extract signal

(1) Combinatorial backgrounds
(2) Peaking structure by mis-identification of decay-channel
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Fully reconstructed B-meson

Non-prompt J/\ combined with...

34.6 nb"' (pPb 5.02 TeV)

2.5

CMS Preliminary B* B? Bg
[ FONLL [ [
ol [ERA i i
i I:ISflst. int. lumi + B i Iylabl <24 I
- [JSyst. FONLL pp ref. _ :
4 1.5 — § -
%< i + I i 1 -
LLQ_: : 5
f e i T R
O:“lll'"l""llllnlnnnnlnnnnl:111111111111111111111111111111:11111111 CMS-HlN-14-OO4

10 20 30 40 50 60 10 20 30 40 50 60 10 20 30 40 50 60
p, (GeV/c) p, (GeV/c) p, (GeV/c)
e Largest uncertainty source is the p+p reference from FONLL calculation
Rppp IS cOnsistent with unity within uncertainty
* No significant suppression of B quark observed in p+Pb
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Different b-quark reconstruction

PRL 113(2014)132301

| 5, CMS ISy = 276 TeV

. T T | T T T T T T T T | T T T T

Non-prompt J/y - 0-100% i <2 .

/7,-\\ 1 L e _

| zt - PbPb, 150 pb .

“; \‘\ 08 __ PP, 5.3 pb-1 __

041 pQCD: PLB 726 (2013) 251-256 -

i B oe-138 ]

. : 0.2 I g™=2.0 B

: b jet reconstruction i B oe=22 ]
0 1 ] 1 1 1 1 | 1 1 1 1 | 1 1 1 1

100 150 200 250
b-jet P, (GeVlc)

 BlJet can be reconstructed using secondary vertex of charged particles
in jet cone

* Big advantage of high statistics by Branching Ratio factors
- BR(B->J/Y +X) x BR(J/W -> pp) ~ O(1000)

 We already reported preliminary b-jet results of PbPb in SQM2013

CMs,
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B jets in p+Pb

CMS-HIN-14-007
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PYTHIA simulation was
used for p+p reference
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Rppp IS cOnsistent with unity within uncertainty

e Consistent with exclusive B meson measurement

* Suppression observed in Pb+Pb is not coming from cold/initial nuclear effect
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CMS collaboration extensively measured J/U, Y(2S), Y(nS), b
meson and b jet in Pb+Pb and p+Pb

The suppression pattern of excited states of charmonia and
bottomonia observed in Pb+Pb can constrain theoretical
models of quarkonia’s interaction with medium

R,a results of B meson and b-jet confirms that the strong
suppression in PbPb is final state effect

R, Of Y and Ry of J/{r show a clear signals of cold nuclear
matter effect which is moderate than modification in Pb+Pb

The cold nulcear matter effect of both bottomonia and
charmonia has strong correlation with the event activity,
indicating the collisional centrality dependence

Thanks for your attention

cMs, |
9-Jul-15 Yongsun Kim 36 ?



BACK UP

9-Jul-15 Yongsun Kim 37



Flow of prompt J/U
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* Observation of non-zero J/Y v, (or azimuthal asymmetry) supports the
medium induced suppression as well as path length dependence
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RAA Comparison with RHIC
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RAA Comparison with theory
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A. Emerick, X. Zhao & R. Rapp, EPJA 48, 72 (2012)
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nPDF probed via PbPb

CMS Preliminary
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The result, accompanied with ALICE data, favors the models containing moderate
gluon shadowing.
=>» Powerful constraint initial state modification models covering wide rapidity
range
ALICE result in EPJC 73 (2013) 2617
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Event activity dependence of Y yield

Vs. forward calorimeter transverse energy
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CNM effect observed in 1991

T T TTTT] T T T TTTT] I —
DY §#¢
[— TIS gig C Ca Fe w
Tosas $8%
~— 3 s &
T T T T ( ‘% \% N A96
u WN
8.0 9.0 10.0 11.0
Mass (GeV)
g RN i L1
2 10 100

Mass Number

Yongsun Kim

43

Chis,



