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» Updated psi(2S) results in PbPb using new pp sample
« Z boson measurement in PbPb and pPb collisions
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Updated @(2S) in pp & PbPb collisions
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W(2S) measurement

* One of ccbar bound state (2S)

e Mass : 3.686 GeV/c?
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w (2S)

hadrons

WEIGHTED AVERAGE
3686.093+0.034 (Error scaled by 1.4)

Values above of weighted average, error,
and scale factor are based upon the data in
this ideogram only. They are not neces-
sarily the same as our ‘best’ values,
obtained from a least-squares constrained fit
utilizing measurements of other (related)
quantities as additional information.
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J/1 feed down fractions

Mechanism % = Error

Direct Production 41 + 17

U (2s) decay 8.1 & 0.3133

Xc1 decay 25 + 5.0/133]
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Measured / Expected
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W(2S) Measurements in NN

EPJ C 49 (2007) 559
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NAS5O (PbPb) : stronger suppression of y(2S) than J/y in central collisions

Cold nuclear matter effect (dAu) : stronger suppression of Y(2S) than J/y in
central collisions
(Re)generation : less generation of w(2S) than J/y (X. Zhao and R. Rapp,
Nucl. Phys. A 859(2011) 114)
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PRL 111 (2013) 202301

Global Sys +27.8%
» J/y Phys.Rev.Lett. 107, 142301 (2011)
Global Sys + 14.6%

208

5> g

]'1T1ITIYITITITIYITITITIT]

lll[lllllllllllllllllllllllll

T

1¥1<0-35 V=200 GeV dfu_

&
&
&

H -
&
§ 4
3 2
g
= Sl
%,
Yersiry -



Quarkonia Suppression in Hot Medium

* One of striking signatures for Quark-Gluon-Plasma (QGP) formation

« Sequential melting : different binding energies - bound states are melt
sequentially in hot medium
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Sequential melting 2 a QGP thermometer

H. Satz, NPA 783 (2007) 249c.
2013 Heavy Flavor Measurements at RHIC and LHC (W. Xie)

* Quenched heavy quarks (energy loss): A.Rothkopf, PRL 108(2012) 162001
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Quarkonia Suppression in Hot Medium
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s N c » Significant suppression of J/y and Y (1S, 2S, 3S5)
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at PbPb collisions
» Expected hierarchy in the suppression of the
states with different binding energy
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CMS detector

Magnetic Field : 3.8 T Inner Tracker

‘ '.' = (Silicon Strip & Pixel)
] atital
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/I/ ’\\‘\\%ﬂz — - -
'\ I/ Q}. B Hadron Forward

Calorimeter (HF)

Muon Chamber '
(DT, RPC) \ :‘4
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. uon Chamber

sz AN y, (CSC, RPC)

ECAL In|< 3.0
Tracker Inl< 2.5
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Muon Reconstruction in CMS

I I 1 1 I 1 6l |
Key: om m 2m im 4m 5m m 7m
Muon
Electron
Charged Hadron (e.g. Pion)
- = — - Neutral Hadron (e.g. Neutron)
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Silicon S e standalone muon
Tracker 5 & e Ty [ ]|
T
; Electromagnetic | l=
! ” Calorimeter §
Hadron Superconducting f
Calorimeter Solenoid 5
Iron return yoke interspersed §
Transverse slice with Muon chambers 3
through CMS ue

Muon Reconstruction

Muon tracks in muon chamber (or segments) + tracks in inner tracker
Excellent momentum resolution of tracking system.

v" Qverall resolution: 1~2 %
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I Quarkonia Acceptance I

Py (GeVlc)
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Py (GeVlc)
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* ALICE: acceptance for pr > 0

» midrapidity: no absorber and low
magnetic field

ATLAS + CMS » forward rapidity: longitudinal boost
e ATLAS and CMS: Muons need to

overcome strong magnetic field and
energy loss in the absorber

» minimum total momentum
p~3-5 GeV/c to reach the muon

stations
» Limits ]/ acceptance:

* mid-rapidity: pr > 6.5 GeV/c
e forward rapidity: pr > 3 GeV/c

ATLAS + CMS ALICE * (values for CMS, but similar for ATLAS)

» Y acceptance:

/ * pr> 0 GeV/c for all rapidity

* Complementary acceptances §
[}



Excited Quarkonia States in PbPb

Observed stronger suppression of excited states than ground
state in bottomnia measurement. What about charmonia ?

PRL 109 222301 (2012)
07\800-‘III|IIII||l||l|||||ll||l||||||||—-

S [ e data CMS PbPb |5, =2.76 TeV -
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Mass(u*w) [GeV/c?] Expectations:

« Sequential melting: Ry, of (J/W)>w(2S)
Ran 0T Y(1S)>Y(2S)>Y(3S) . (Re)generation: Ry, of (J/y)>y(2S)
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Previous results of p(2S) Measurements
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[0(2S)/ I,/ 0(@S)/ ],

2k

- PbPb sy, = 2.76 TeV

8:— |:| pp uncertainty (global)

i

r e 3<pT<SOGeV/c, 16<lyl<24

12

CMS Prellmlnary

1.4

0.6

0.4

0.2

L PbPb |5, =2.76 TeV

12__ ¢ 65<p <B30GeVlc, lyl<1.6

i |:| pp uncertainty (global)

CMS Prellmlnary

0 50 100 150 200 250 300 350 400

@ Npart

50 100 150 200 250 300 350 400

Double ratio of inclusive w(2S) to J/y
Stronger suppression of Y(2S) than J/y in mid-rapidity and high p+ (as
predicted from sequential melting)
Hint of Y(2S) enhancement relative to J/y in central PbPb at low p; and
forward rapidity, however, severely limited by large pp uncertainty

Dong Ho Moon
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Total Integrated Luminosity (pb™')
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New Y(2S) measurement in PbPb

CMS Integrated Luminosity, pp, 2013, Vs = 2.76 TeV

Data included from 2013-02-11 21:07 to 2013-02-14 06:25 UTC
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[ CMS Recorded: 5:53=pba
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Thanks to pp run in 2013: ~ 20 times larger data sample
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New Y(2S) measurement in PbPb

CMS Integrated Luminosity, pp, 2013, vs = 2.76 TeV

Data included from 2013-02-11 21:07 to 2013-02-14 06:25 UTC

JHEP 02 (2012) 011
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CMS Integrated Luminosity, pp, 2013, vs = 2.76 TeV

Data included from 2013-02-11 21:07 to 2013-02-14 06:25 UTC

New Y(2S) measurement in PbPb

JHEP 02 (2012) 011

N LHC Dellvered 5.61 pb v
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—
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Thanks to pp run in 2013: ~ 20 times larger data sample
Reject non-prompt contribution by cut on pseudo-proper decay length
Keep 90% of prompt charmonia: cancels in double ratio
Non-prompt contamination ~5%: included in systematic uncertainties
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New Y(2S) measurement in PbPb

ILICD ND /INNA9D\ N1

pp Statistics | =6 %

CMS /1
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Signal Extraction of Prompt y(2S)

JHEP 02 (2012) 011

—~ : 1 1 1 1 I 1 T 1 1 I 1 1 T 1 I 1 1 1 1 I 1 :
o CMS-\s=7TeV 7
> i X2/N e = 94.4/99 L =37 pb" .
(<\D| —+— data
S 10° — total fit  —
e o background J
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i 102 | —
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u* w invariant mass (GeV/c?)

« Signal region : Gaussian + CrystalBall functions

« Background region : Chebyshev polynomials (1 < N < 3) for each analysis
bins

« Several fit functions were tested for systematics (8% - 28%)
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Prompt w(2S) in mid-rapidity (high p+)

PRL 113 (2014) 262301
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Dong Ho Moon

m,. (GeV/c?)

HIM Spring 2015, Pusan

m,., (GeV/c)

In high p; (mid-rapidity): ¢(2S) in PbPb is smaller than in pp with respect
to the J/p as seen with 2010 pp data.
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Prompt @(2S) in forward rapidity (low py)

PRL 113 (2014) 262301
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© 1000[~ _ 1otal fi 1 9 - —Total it 5 :
L i ---Background . L 2000:_——-Background w50 o _:
800 300 35 36 37 38 39 — C 0 35 36 37 38 39 ]
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L 0-20 % | ] 1800 | ]
600~ ] 1000 =
i - - .
7 500 —
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* Inlow p; (forward-rapidity): @(2S) in PbPb is higher(or less) ?7? than in pp
with respect to J/y, yet.
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PRL 113 (2014) 262301 —

Double Ratio of Prompt W(2S)

pp

g2.5

[ Nw(zs)/NJ/w ]Pbe /1 pr( S)/NJ/w

N

0.5

-CMS PbPb & pp |[s = 2.76 TeV —+ {
[ ® 3<p <30GeV/c,1.6<lyl<2.4 71 Cent.

- = 65<p <30GeVic, lyl <16 ” 40-100%]

[ —95% CL + 1
L ® 4 i
- 20-40 % I [ﬂ i
40)- Y 1 n
740-100 % 0000 T W

Double Ratio
= Ratio of Ry,

[Ny28)/Nj/plPopn

0 50 100 150 200 250 300 350 400

N

part

(as expected from sequential melting)

(Ny2s)/Nijplop

~ Raa(¥(29))
- Raa(J/v)

high p; (contrary to expectations from sequential melting and/or regeneration)

HIM Spring 2015, Pusan
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Observe a difference in @(2S) production for both central and minbias PbPb at high
pr (mid-rapidity) vs low p; (forward-rapidity)
= At high p; and mid-rapidity w(2S) is more suppressed than J/y in PbPb collisions
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= At low p; and forward rapidity W(2S) is less suppressed than J/y at mid-rapidity and



Comparison of ALICE and CMS

PRL 113 (2014) 262301

Ny, ]pp

/[N
Y(28)

/N

[ Nw(zs) Jhp ]Pbe

»

Double Ratio
= Ratio of Ry,

[Ny28)/Nj/plPopn

40-100 % Noar

—I TTT | T T 1T | TTTT | T TTT | T TTT | T TTT I T TTT I TTTT | I__

- CMS Preliminary PbPb & pp\s, =2.76 TeV + .

[ e 3<p <30GeVic, 1.6 <lyl <2.4 T 8‘?'&%2
S m 6.5<p <30 GeV/c, lyl <1.6 T 7

- —95%CL T

ALICE Preliminary PbPb s, =2.76 TeV & pp Vs = 7 TeV

L <>p <3GeVic,25<lyl <4

i 03<p <8GeV/c, 25<lyl <4 il
gl —95% oL 0-20% T 1
2] 20-40 % [ﬂ T m 7
1— I

I W T
0 L 111 I L1 11 I L1 11 I L 111 I 1111 I 1111 l 1111 l | - |

0 50 100 150 200 250 300 350 400

(Ny2s)/Nijplop

~ Raa(¥(29))
- Raa(J/v)

« Observe a difference in Y(2S) production for both central and minbias PbPb at high
pr (mid-rapidity) vs low p; (forward-rapidity)

= At high p; and mid-rapidity w(2S) is more suppressed than J/y in PbPb collisions

(as expected from sequential melting)

= At low p; and forward rapidity W(2S) is less suppressed than J/y at mid-rapidity and
high p; (contrary to expectations from sequential melting and/or regeneration)
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Z boson in pp & pPb & PbPb collisions

Dong Ho Moon HIM Spring 2015, Pusan 22



Z boson measurement

CMS (* preliminary) Pbe\lS—NN 2. 76 TeV proton-proton collision / lead-lead collision
2T W \;
B 4 g 2(0100/) >2oe Vic ]|
1.8—ILdt=7-150pb1 "“ e
L + W (0-100%) p_ > 25 GeVic |
1.6 __@— lIsolated photon (0-10%) —| quark
1 4__ b-quarks (0-100%) __ proton Grokon
L (via secondary J/vy)
1.2

mé 1__ _________ + _________ + _______ ! '"""'*""j“—: quark

4

) ‘ 7% after the collisons
g.jg %ﬁ! o ﬁ@ﬁ)‘ - +4
0.2_ ,,e 5= charged particles (0-5%) _— R YieldAA /<NCOH>
o A = :
0 20 40 80 100
p,(m.) (GeV) Yield,,

« Why we are interested in Z boson ?
» Elector+weak interacting particles are expected not to be modified by QGP.
« It should be used as the reference for modified objects (quarkonia, light hadrons ... etc)
« Ultimately can help to constrain initial state - standard candle of initial state.

« If the initial state effects would be influenced ... by
* Nuclear shadowing : nPDF can be modified (suppressed in low x region than pp): 10-20 %
* Isospin effect : Proton and neutron have different quark constituent : ~3 %
* Energy loss and multiple scattering of initial parton : ~3 %
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Z boson measurement in PbPb

CMS CMS Experiment at LHC, CERN

- Data recorded: Tue Nov 9 23:51:56 2010 CEST
é Run/Event: 150590 / 776435

# | Lumi section: 183

Muon 0, pt: 29.7 GeV

Muon 1, pt: 33.8 GeV

The first Z =»p-u* candidate found in CMS
heavy-ion collisions at 2010
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Z boson measurement in PbPb

PRL 106 (2011) 212301 2010
gg T T T T T T T T T
S CMS Pbe\/s_NN =276 TeV ‘% Opposite-sign
o - . © Same-sign |
15 = 1
2 f :dt 72 rb = [|cms pp7Tev29pb’
E n'l<24, Pr>1° GeV/c [ 60 - 120 GeV /c2]
g N=39
S10 —
(Vi)
51 —
g
i8]
o o o

70 80 90 100 110 120
Dimuon mass (GeV/c?)

39 candidates
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Z boson measurement in PbPb

2013  JHEP 03 (2015) 022

PRL 106 (2011) 212301 2010

— : T T 1 | T T T | T T T | T 1T 1 | T T T | T T 11 :
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(315 — fuLdt=7.2 :;b" - Dcus pp“; Tev 2. p; N - NN—>Z - puu p$ > 20 GeV/c ]
:2’ 'l <24, p.>10 GeV/c [60 - 120 GeV /c2] :’ C |nl*| <24 ]
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sl | i T 150:— —:
1] | N i
T 100~ E
0 LI 1 [ - I L i
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Z boson measurement in PbPb

2013 JHEP 03 (2015) 022
cq-\ : L | T I. m | L L | L | L : (\/I'\ N T T 1T | T 1T 1T | T 1T 17T T 1T 17T | T 171 | T 1T ]
© 300 ¢ Opposite charge CMS PbPb — RS, - e Opposite charge CMS pp -
% - O Same charge sy =276 TeV = 250F ¢ same charge \s=276TeV
@ 950l B PYTHIASHYDUET Ly=150p0" 1 B [ EEPYTHA Ly=54pb" ]
o~ - NN— Z — uu pi > 20 GeV/c ] ~ 200: pp = Z — uu p_‘: >20GeVic ]
< 'l < 2.4 § —= <L | < 2.4 ]
o 2001 1 o @ ]
§ - 1 S150F .
i 150 1§ |
100/ . 100r E
50F . 501~ .
%0 70 80 90 100 110 120 %0 70 80 90 100 110 120
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Z boson measurement in PbPb

s, !
i Dong Ho Moon

Uncertainties

Z— ptu~

Source PbPb | pp
Combined efficiency 1.8% | 1.9%
Acceptance 0.7% | 0.7%
Background 0.5% | 0.1%

NmB 3.0% | -

Taa (Nyp included) 6.2% -
Integrated luminosity (Ljyt) - 3.7%
Overall (without Tha or Lin) | 3.6% | 2.0%
Overall 6.5% | 4.2%

HIM Spring 2015, Pusan




Z boson measurement in PbPb

JHEP 03 (2015) 022

pp differential cross section

~~ IIII|IIIIIIIIIIIIIIlIIII|IIII|IIII|IIIIIIIIIIII ~ Illllllllllllllllllllll
fo) o) L
o 10__CMSpp\Ej2-76TeV - 2100 CMSppis=276TeV
Q_l_ ; Lint =54 pb_ ; > - Lint =54 pb-1
£ o —e— Zup, ly] <20 {1 B i
> - c-:i e POWHEG + CT10NLO 7 _8 80
g e
! S | pp—
N |7 gy
- hoeey ] 60— $
I £l ] i
:+: 40—
10 E i
- : E+3 ] L +Z%up,pT>0GeV/c
- e ] 20 = POWHEG + CT10NLO
10-2IIII|IIII|IIII|IIII|IIII|IIII|IIII|\III|IIII|IIII _IIIIIII|III|III|III|II|
0O 10 20 30 40 50 60 70 80 90 10¢( 00 02040608 1 1.

p. (GeV/c)

« Overall cross sections agree with the POWHEG theoretical prediction.
» Higher order correlation (~3%), Next-to-next-to-leading-order calculation

(~3%) — grey band.
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Z boson measurement in PbPb

JHEP 03 (2015) 022 ) . .
PbPb differential cross section

0 7><10’6
‘T’-\ TTTT | TTTT | TT IVILI T I2| I7I6I I-rlel\} TT | TTTT TTTT TTTT TTTIT % - _| TT | T T | T TT | T TT | T TT | T 1T | T TT T 1T T 1T T T I:
o -7_C'V'S PDPD sy = 2. = - CMS PbPb |/s,,, = 2.76 TeV ]
= 107" - 1 = - NN .
% - L =150 . % 0.6~ L, =150ub" -
) L —e— Z > uu, |y| <2.0, 0-100% centrality C ]
~ i Rty POWHEG + CT10NLO i - ]
[ een . 0-5_ -
> - ]
10°F e E ]
R Y i, E
> - sl ] r /// j;/ ]
T | 2 1 03F =
il - /{//2
10-9 = iff'-'- = 0.2F 4
- ] T e Z-uu p_>0GeVic, 0-100% centrality ]
. i - CT10 ]
R S N —— . 0.1 722 110+ EPSO9 B
10-10:“1]”|||||||||||||||||||||||||||||||||1|||||||F O:"'l'"l'"l"'l"'l"'l'"I"'l"'l"':
0 10 20 30 40 50 60 70 80 90 100 0 02040608 1 12141618 2

<

p. (GeVic)

* p; dependence : compatible to POWHEG theoretical prediction
* |y| dependence : compared to consideration of no nuclear effect (yellow
band) or nuclear effect (green band)

cMs, |

w -
{@x“o &
S \11 &
=/ M0

[} \ 2
] S

2 Y -
%,

Dong Ho Moon HIM Spring 2015, Pusan 30



Z boson measurement in PbPb

JHEP 03 (2015) 022

cMs, |

Centrality dependence : no strong dependence observed. Compared to

PbPb differential cross section

3 _I T 1T I T T T I T T 1T | T T T I T T I T T 1T T 1T T TT I_
& 100~ CMSPbPb s, =276TeV _
§ © L =150 ub™ i
|_ L _
=~ 80 m —
o I m " ]
AN Loy o e _
Vv 60 B H H -E[ B
> _ i
& 40 ]
2 L e Z-pulyl<20,p_>0GeVic |
O - —8— 0-100% centrality =
20 e POWHEG + CT10NLO n
0 _I 11 1 | 111 1 | 1111 | | | | | | | | | | 111 1 | 111 I_

0 50 100 150 200 250 300 350 400
Npart

pythia pp cross section generated by POWHEG.

Dong Ho Moon
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Z boson measurement in PbPb

JHEP 03 (2015) 022

Z Z
RAA — NPbe — NPbe
Taa X ng Neon X ng
§3.5IIII|IIII|III\‘IIIIlIIIIlIIIII\\Illlllllllll‘\lll 25
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% CMS s, =2.76 TeV . _ D? | CMS s, =276 TeV
3L ; = i, yl : f‘j’;o;f ?8 ()/‘(’,/"e“trf“tl}; - e Z->pup_>0 GeVic, 0-100% centrality
—=— Z—ee,|y| <1.44, 0-100% centrality - _ s Z-see, p.>0GeVic, 0-100% centrality
I pp luminosity uncertainty 2 T .
T rtaint L I pp luminosity uncertainty
2.5~ B Ty, uncertainty - W T,, uncertainty
2 n
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* No strong dependence on p; and y as expected.
* Raa is consistent with ~ 1 within uncertainties.
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Z boson measurement in PbPb

JHEP 03 (2015) 022

i CMSF 2.76 TeV
- —e— Z-ouu, lyl <20, pT>0GeV/c

2 | —e— Z— up, 0-100% centrality
| —w— Z—>ee,|y| <144, p, > 0 GeVic

—a— Z — ee, 0-100% centrality
I pp luminosity uncertainty

T

1.5
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mﬂﬂ

T T 1 I L

E-==
o
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= =i
E= =
v b o e o

T T 1 | T T T 71

0.5
o Raa = 1.06 + 0.05 + 0.11
O0 50 100 150 200 250 300 350 400
Npart

* No strong dependence on centrality as expected.
* Raa is consistent with ~ 1 within uncertainties.
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Z boson measurement in pPb

CMS Experiment at the LHC, CERN

Data recorded: 2013-Jan-21 02:28:16. 352602 GMT(20:28:16 CDT)

Run/Event: 210534 / 89950186 \ /
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Z boson measurement in pPb

CMS-PAS-HIN-14-003

c’“—‘ :I L | 1T T 1 I 1T 171 | 1T 171 | 1T 11 | 1T 171 I:
< 7001 cMs Preliminary pPb-Z-pu 1 * L=34.6nb", 5.02TeV collision
8 600:— FL)Pb_\f;Ee: 3?2 TeV ;F 1 ¢ Selection condition
N : « Muon : p; > 20 GeV/c, |n¥|<2.4
—_ 500—_ —e— Opposite charge =
%) - —&— Same charge ]
S 400f o Fynia+ Hing 1« Asymmetric acceptance in rapidity
T 1 1 due to the boost in center of mass
300 4 frame
200F = 5 Pb
100 E_ _f Backward % Forward
L ] _). PR

Q0 70 80 90 100 110 120
up invariant mass [GeV/c’] « 2183 Z candidates
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Z boson measurement in pPb

CMS-PAS-HIN-14-003

* Inclusive cross section of Z production

Measured
A= Z= L, o + stat. + syst.  lumi. g X A
Full phase space 134.4+29+x7.1x4.7nb 134 £7nb

-25<y <15 94.1+21+24+3.3nb 94.0 £ 4.7 nb

« Compared to NLO POWHEG calculation scaled by 208

» Results consistent with oPP x A (208)

CMS/
i Dong Ho Moon HIM Spring 2015, Pusan 36




Z boson measurement in pPb

Table 1: Summary of the relative systematic uncertainties on the inclusive and differential cross
sections.

Source o(inclusive) o (Yem. € (—2.5,1.5)) do/dpt do/dYem.
Acceptance 4.7% 0.9% 04%-12% 0.1%-1.1%
Efficiency from MC 0.2% 0.2% 0.1% -0.3% 0.01% —0.9%
Data/MC efficiencies 1.7% 1.7% 1.7% 1.7% - 3.4%
Background 1.7% 1.8% 0.3% -54% 0.5% —2.4%
Overall 5.3% 2.6% 21% -6.3% 1.9% —4.3%
Luminosity 3.5%

cMs, |
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CMS-PAS-HIN-14-003

do/dy [nb]

i FETE

Data / Theo

CMS Preliminary
pPb ys =5.02TeVL, = 34.6 nb™

— — 208 x (Powheg+Pythia pp—>Z—up)
SLRES 208 x (Pythia 6 Z2 pp—Z—pp)

Data / Theory

NIIIIlIIIIlIIlIlIIII

o
3

Dong Ho Moon

> 13F
1.2E
1.1
1L Py S i
0.9F

0.8

07E .

do/dy shifted to center of mass frame
Dominant uncertainty comes from statistics
Consistent with pp prediction scaled by A

Z boson measurement in pPb

Differential cross section of Z production vs y

L L A s S B S S B S B S S B S S S ——

Powheg+Pythia
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Z boson measurement in pPb

CMS-PAS-HIN-14-003

CMS

Differential cross section of Z production vs y

do/dy [nb]

N
o
T T T T

Nuclear effects expected in the
forward and backward regions.
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Z boson measurement in pPb

CMS-PAS-HIN-14-003

 Forward-backward ratio : expected to be more sensitive to nuclear

effeCtS -E 1.6_ T T T T I T T T T I T T T T I T T T T ]
® ” CMS Preliminary i
E 141~ pPb s, =5.02 TeV L, = 34.6 nb” ]
5 i
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L d0(+y0m)/dy o "2f -
Rrp = p 7 ~ I .
0( Yec.m. )/ Y -(EU L - - I R .
S o8l | B
o I :
w [ §
0.6~ ]
. . . - —e— Dat i
 Hint of nuclear effect visible 04l ... MCEMSMSTWOSNLO pposZosis ]
C —— MCFM+MSTWO8NLO+EPS09 pN—Z—up ]
. . . . . = == MCFM+MSTWO08NLO+DSSZ pN—Z— ]
- Large statistical uncertainties in 5 e
C 1 1 l 1 l 1 1 1 1 I 1 1 1 1 I 1 1 1 1 ]
data % 0.5 1 15 2
pPb Y, ol
Backward Forward
_p. P —
. SEEN
| Dong Ho Moon HIM Spring 2015, Pusan 40 i mX;




Z boson measurement in pPb

CMS-PAS-HIN-14-003

 Differential cross section vs p;
« Large covering p; range [0, 150]
GeV/c

» Expected nuclear effects are small
« Comparing to only pp

« Compared to pythia and POWHEG
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Z boson measurement in pPb

CMS-PAS-HIN-14-003
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- Differential cross section vs p; =
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» Expected nuclear effects are small 107
« Comparing to only pp
10°
« Compared to pythia only : better
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Summary

pp

Double ratio of prompt @(2S) in PbPb E
— Observed clear difference mid-rapidity (high py) §25

N
T T T

-
T [T T
1

and forward rapidity (low p1) F
— Need more statistics Zﬁ
» Z boson in pp, pPb and PbPb

TTTT{TTTT{TTTT‘ TTTTTTTT ‘TTTT{TTTT{TTTTIli
—CMS PbPb & pp \/sN =2.76 TeV

r 03<p <30 GeVic,1.6<lyl<24
= 165<p <30 GeVic, lyl<1.6

20-40 %

o b b b b by b By 10

o

Observed no modification in PbPb
Observed hint of nuclear effect visible in pPb

-
=2
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§2-5_ """ ,;\""I""I""\""I """"" ]
o i CMS\ 2.76 TeV

B T I T T
[ CMS Preliminary
F—e— Z—>up, ly] < 2.0, pT>OGeV/c

2 | —e— Z - uu, 0-100% centrality
| —a— Z—>ee, |y| <144, p,>0 GeV/c

- —&— Z — ee, 0-100% centrality
| I pp luminosity uncertainty

1.51 .

%ﬂ[ﬂ i - s
T C —=&— Data
] 0.4_—

Forward / Backward

141~ pPb \fs, =5.02 TeV L,, = 34.6 nb"

----- MCFM+MSTWOBNLO pp—Z—upt
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e Double raticeferamnt 12 in DRDK —+ fcuspopbapp(sycorerey | -
/c,1.6<lyl<2.4 Cent.
. Observe( ::( 14_ N Y L s [N B B N B B i evic, Iyl <16 ] .
and formy @& [ CMS Preliminary 0-100% ] ER
1.2+ _ — AN © 1
_ Need mo ~ PbPb s, = 2.76 TeV 1 |40 % i m
B | 0-20 % T .
e Prompt y(25) (6.5 < p_ <30 GeV/c, Iyl <1.6) - 1
e / bosonin v Y(3S) (lyl <2.4), 95% upper limit i i‘j T 2 ]
0.8[% y(29) (lyl <2.4) — R
B ] v
Observe = PromptJiy (6.5 <p_<30 GeV/c, lyl <2.4) i -
Observs 0.6+ Y(1S) (lyl <2.4) + 5
2.5 I Y(1S) -
ﬂfé r CN.I 04— ( ) — 7
2 — ®uny ] :
w02y Y(2S) - :
1.51 (3S) 1 L 1
: ‘ O | | | | | | | | | | | | | | | | | | | i _E
1) 0 0.2 0.4 0.6 0.8 1 1.2 -
: ﬁ Blndlng energy [GeV] .
0.5; 0.2 MCFM+MSTWO8NLO+DSSZ pN ,zz,:::L —
IIIIIIIIIIIIIIIIIIIIIIIIIIIIII oLt 1 1 | S T S T S TR R N R SR
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Raa VS binding energy

} 1_4 B T T T I T T T l T T T | T T T I T T T I T ]
@ [ CMS Preliminary 0-100% ]
1.2~ = =
— PbPby\syy = 2.76 TeV i
1_ |
T e Inclusive y(28S) (6.5 < P, < 30 GeVlc, |y| < 1.6) ]
0.8 C v Y(3S) (ly| < 2.4), 95% upper limit N
TH4 Y(28)(lyl <24) .
| m promptJ/y (6.5 < P, < 30 GeVlc, |y| < 2.4) ]
08 % x(15) (iyl <2.4) 7
— Y 1 —
04— (18) ]
L L J/w -
0.2 —y(2S) Y(2S) ]
) Y(3S) & ]
0_ 1 1 1 ¢ 1 1 1 l 1 1 1 I 1 1 1 I 1 1 1 l 1 ]
0 0.2 0.4 0.6 0.8 1 1.2

Binding energy [GeV]

state JIU | Xxe U T b T’ Xb T
mass [GeV] | 3.10 | 3.53 | 3.68 | 9.46 | 9.99 | 10.02 | 10.26 | 10.36
AE [GeV] | 0.64| 0.20 | 0.05| 1.10 | 0.67 | 0.54 | 0.31 | 0.20
AM [GeV] | 0.02 | -0.03 | 0.03 | 0.06 | -0.06 | -0.06 | -0.08 | -0.07

ro [fm] 0.50 | 0.72 1090 | 0.28 | 0.44 | 0.56 | 0.68 | 0.78

QLLICREROALI Wl el iRy 111 //twiki.cern.ch/twikilbin/view/CMSPublic/PhysicsResultsHIN12014
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Results from PbPb Collisions

Double Ratio Raa

'_‘& -l|lIlIlllllllllllllllllllllllllllllllll_ é _IIIIIIll'lllll|lIIIIIIIIIIIIIIIIIIIIIII_
@ 1.4 CMS Preliminary, PbPb\[sy = 2.76 TeV w14 CMS PbPb \/syy =2.76 TeV -
et i : _ =150 ub"! 1 i —#- Y(1S), stat. unc. L, =150 ub" ]
% 1o ~#-stat. unc Lint ub 7 1.2 Y(1S), syst. unc. Iylt<2 4 =
Y i s syst. unc. lyl <2.4 ] - —- Y(29), stat. unc. o §
é i pp unc. p: >4 GeV/c ] s CIY(2S), syst.unc. P >4GeVic .
- E E i 30-40% L
2 0.8 — 0.8~ 40-50% 20-30% ]
<P 40-50% 1 [ 50-100% ]
o L 20-30% i | 50-100% 0% i
c@, 06, 30-40% . 06~ + + 10-20% 5-10% 0-5% |
ro [0 05% ] - a -
0.4 + + 10-20%  5-10% ] 0.4 :— + +—:
02f * }— 02f IEF $ E] -
P\ AT P R RR T PR F T P I P Go—5lo1cl)o15|02c|)025|03c|)0[h3510400
0 150 200 250 300 350 400
CMS HIN-11-011 N Noar
PRL 109 (2012) 222301 part
, - R4, (Y(15)) = 0.56 = 0.08(stat) = 0.07(syst),
Y(28)/Y(1S AA
@)/ ( Neors _ 0.21 = 0.07(stat) = 0.02(syst), _ . .
Y(28)/Y(18)l,, R44(Y(25)) = 0.12 = 0.04(stat) * 0.02(syst),
4 4 R, (Y(3S5)) = 0.03 = 0.04(stat) * 0.01(syst
YOS/ XASNeors _ 4,06 - 0,06(stat) + 0.06(syst) n(YGS) (s =001y
YGS)/Y(1S)],, < 0.10(95%CL).

< 0.17(95%CL).

Y(2S) and Y(3S) are more
suppressed than Y(1S) Ordering: R,A(Y(3S)) < Rua(Y(2S)) < Raa(Y(1S))

Y(3S) are more suppressed than Y(2S).

Y
&
&

o &
g‘
3 o
z
2 .
P

2

CMS?% Sapg®
i Dong Ho Moon HIM Spring 2015, Pusan 47 R A



Muon Pair Acceptance

30

p. (GeV/c)
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CMS, /|
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Observed JAp 1s a mixture of direct productiontfeeddown (R. Vogt: Phys. Rep. 310,

197 (1999)).
— All JA ~ 0.6Jp(Direct) + ~0.3 . +~0.1y’
— B meson feed down.

» Important to disentangle different component

Suppression and enhancement in the “cold” nuclear medium

— Nuclear Absorption, Gluon shadowing, initial state energy loss, Cronin
effect and gluon saturation (CGC)

. o O
— Study p+A collisions O Q%
o © . @mO 0
O SN
: O ~nO
Hot/dense medium effect J/ é/ég}éQ‘ @9@ o
— JAp, Y dissociation, 1.e. suppression O O OO O% O
COn KO

— Recombination, 1.e. enhancement

O
TN
— Study different species, e.g. J/psi, Y

— Study at different energy, 1.e. RHIC, LHC
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<N.,;> from different methods agree well

Defining centrality from different methods:

10F
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W 30F w3 w
= = =
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nd 2HF E; | n|>4 means selecting very

e owseuen \e .
PO . 1.0-10% in the plots), but <N_,> are the same
S 15000 — @ 1 . . .
£ F of centrality determination are about how to
a [ 13510 .
5 toooo |- {7 r-eal data (which n range to use?) for an
| i 1, 'ossible biases
%5 5000 —
** r {
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l + How do we quantify medium effects ? I

A
m N, : number of nucleons which

undergo at least one collision Npare (participants) Ib : Impact

parameter

m N_,;: number of n+n collisions B
taking place in A+B collision
o s 1/N,, d°N*/dyd
m Modification nuclear factor R,, = —""—; =1
<T,, >d’0,,/dydp,
quantifies the effect of the medium on a particle production

m To compare measured PbPb yields to theoretical pp cross sections, we

need T,; : nuclear overlap function B
= In absence of medium effects

m R,; = 1 for perturbative probes “
m T,z is proportional to N_ A q

m 30-100% :T,; = 1.45 +0.18 mb!
m 10-30% : T, =16.6 * 0.7 mb"!

A Tu®=[STELE-9
m 0-10%: Ty =23.2 £ 1.0 mb-! /)

Lamia, B. “Observation of Z Boson Production in Heavy lon Collisions at CMS”
Dong Ho ‘iacn Moriond QCD and High Energy Interactions, 2011




Single Muon Acceptance

ol
.

v/ Acceptance definition:
Range of p, and eta of
reconstructable muon

(RecoMu/GenMu > 10%)

n*| < 1.0 — pf. > 3.4 GeV/c
1.0 < |n*| < 1.6 = pf > 5.8 —24 x |[n*| GeV/c
1.6 < |n"| < 2.4 — pi > 3.3667 — 7/9 x |n¥| GeV/c

B porsionon OE Q@RI REr 2014 IFAana




Reconstruction Efficiency

e
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. Quarkonia Acceptance .

Py (GeV/c)

ATLAS + CMS

p. (GeV/c)

v

ATLAS + CMS

ALICE

% Dong Ho Moon

® ALICE: acceptance for pr > 0

» midrapidity: no absorber and low
magnetic field

» forward rapidity: longitudinal boost
* ATLAS and CMS: Muons need to

overcome strong magnetic field and
energy loss in the absorber

» minimum total momentum
p~3-5 GeV/c to reach the muon

stations
» Limits J/1 acceptance:

e mid-rapidity: pr > 6.5 GeV/c
e forward rapidity: pr > 3 GeV/c
ALICE * (values for CMS, but similar for ATLAS)

» Y acceptance:

/ * pr> 0 GeV/c for all rapidity

e Complementary acceptances

HIM Spring 2015, Pusan 23 I



Binding Energy of Quarkonia

state JU | x. U T X5 T’ \5 1"

mass [GeV| | 3.10 | 3.53 | 3.68 | 9.46 | 9.99 | 10.02 | 10.26 | 10.36

AFE [GeV] [0.64] 0.20 [ 005 1.10| 0.67 | 0.54 | 0.31 | 0.20

AM [GeV] | 0.02-0.03 ] 0.03 ] 0.06 | -0.06 | -0.06 | -0.08 | -0.07

radius [fm] | 0.25 0.36 | 0.45 | 0.14 | 0.2

()

0.28 | 0.34 | 0.39

= Dong Ho Moon HIM Spring 2015, Pusan 55 ﬁ




Chs, |

Heavy ion program timeline

2012 2013 2014 2015 2016 2017 2018 2019

2020 2021 2022 2023 2024 2025
v\, LS1 ~0.3-1.5nb " PbPb LS2 ~2-4 nb-" PbPb LS3 ~10 nb-' PbPb
Also comresponding pp Also corresponding pp
reference reference
CMS request PbPb  PbPb  pPb? ArAr pPb PbPb PbPb pp (?)
51TeV  51TeV  8.2TeV TeV 55TeV
L1 trigger upgrade Pixel detector upgrade Extended tracker

3 layers > 4 layers

» PbPDb statistics: 1.5nb-' and 10nb-' PbPb

» What is the expected pp statistics we should use?

@) Yen-Jie Lee (CERN) High pT PInG Input
Dorg

IVivuIr1 PV OJIINTy 2V iy, 1 USarl

coverage |n|<4 (?)
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pp DiMuon

(
& s 1 trigger paths
= 10 2011 Run,L=1.1fb Iy mY
e CMS \s=7 TeV mJy
§. 10° B — nw
" By
"g 10* Jj low P. double muon
3 high p double muon
10° >
10°
10
1
101
I
I I I
1 10 107
dimuon mass [GeV]
CMS, /| _ *’r_;o
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Z boson measurement in CMS

2013  JHEP 03 (2015) 022

Z— ptu Z—ete”

Source PbPb | pp | PbPb | pp
Combined efficiency 1.8% [ 1.9% | 7.4% | 7.7%
Acceptance 0.7% | 0.7% | 0.7% | 0.7%
Background 0.5% | 0.1% | 2.0% | 1.0%

NuvB 3.0% - 3.0% -

Taa (Nyg included) 6.2% - 6.2% -
Integrated luminosity (Lin) - 3.7% - 3.7%
Overall (without Taa or Lin) | 3.6% | 2.0% | 8.3% | 7.8%
Overall 6.5% | 4.2% | 9.9% | 8.6%

Table 2. Summary of systematic uncertainties in the Z — ptp~ and ete™ yields. PbPb values
correspond to the full 0-100% centrality range. Nyp is the number of MB events corrected for the
trigger efficiency.
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