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In smaller systems with high multiplicity
=  Similar ridge structure as in AA collisions
= Also related to collective flow?
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If it is collective flow, can we see mass effect?
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Strange particle v,
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CMS strange particle v, in high multiplicity pPb shows mass effect for p;<2GeV:
V(') > vy(Kg) > Vy(A)

What other measurements can be used to see the mass effect, if ridge in small
system is due to radial flow?
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Ridge: radial flow?
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If the ridge is due to collective flow, then radial flow must be present
- flattened spectra—> dependence on the mass of hadrons

Can we see flattened spectra with the measurement of identified strange
particle spectra?
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From Pb-going side to p-going side:

= [n hydrodynamics, <p;>gets smaller
» Number of particles decreases

= QOpposite trend in CGC (only) model.
» Saturation momentum increases

With the large acceptance of CMS detector, what will we see in our result?
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Data sample

" pp
» Data set: 2010 7 TeV ————————
. 10E*® MinBias . HLT ka >16O
» Event Selection: o HLTNf’kl °>100 © HLT N"™5190
Minimum bias trigger 1@ HLTNGT>130
High multiplicity triggers

= pPb
> Data set: 2013 5.02 TeV
> Event Selection:

CMS Prellmlnary

g 1»
Minimum bias trigger 10%"906 200 300
High multiplicity triggers NPne
= PbPb (50-100% Centrality)

Track multiplicity distribution for
> Data set: 2011 2.76 TeV different triggers in pr

» Event Selection:
Minimum bias trigger
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Decay Channel:

=*) Reconstruction

K21t 117 — \/%s are reconstructed via combining a
NO=>T1T- p > V° | pair of oppositely charged tracks
=-=>A0 11- =- candidates are reconstructed via combining A° candidate

with an additional charged track with the proper sign

Candidates Selection:
For V%
= Decay length significance|

V9 momentum direction

Primary Vertex L} 5 éf— Pointing Angle
¢="
z ______ ‘Q\ <\Connect PV and V° Vertex
VO Vertex

= Cos(pointing angle)

= 2D impact parameter significance of daughter tracks wrt PV

For == Candidates

= 3D impact parameter significance of daughter tracks wrt PV
= 3D separation significance between =~ or A9 vertex wrt PV
= 3D impact parameter significance of =~ candidate wrt PV
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Invariant Mass Peaks
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= Signal Function: Double Gaussian(with a common mean)
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= Background Function:
» quadratic function for K|
> Ag>2+Bq'2for A, where g =m — (M, + M,))
» AqBfor =, whereq=m—- (M, +M,)

Yield Extraction
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1. Implement Signal Fitting Function ‘ Signal Counts * PDF
2. Obtain signal counts and statistical error from fitting parameters
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Mid-rapidity Spectra

CMS pp 6.2pb' (Vs =7 TeV)
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Mid-rapidity Spectra

CMS pp 6.2pb' (Vs =7 TeV)
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N\ [ K, Ratio
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= For all multiplicity classes
»> N/ K ratio reaches a maximum and then declines at higher p;
» Location of the maximum in p; increases with multiplicity
= At low p;region
» In each system, at a given p, A/ K ratio is smaller in higher multiplicity events
» Difference between high and low multiplicity events is larger for smaller system
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=/ A Ratio
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» For all multiplicity classes
» =/ /ratio increases with p; and then reaches a plateau at around 3 GeV

= Atlow p; region

» Don’t expect a large difference between high and low multiplicity events,
because of small mass difference
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<KE;> versus Multiplicity

CMS 6.2 pb”' (Vs =7 TeV) 35 nb™ (ySyy = 5.02 TeV) 2.3 ub™ (ySn = 2.76 TeV)
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KEr= my—mg = \(ps2 + my2) — m,
= At the lowest multiplicity bin, <KE> for all particles are similar (m; scaling)
= For all particles, <KE;> increases as multiplicity increases
= For each system, <KE;> of heavier particle species increases faster with
multiplicity
» In PbPb collisions, my-scaling breaking is the effect of radial flow.
= At similar multiplicities, larger separation for pp / pPb than PbPb
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Simultaneous Blast Wave Fit

multiplicity increases =
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B,

Simultaneous fit for K, and A

Tiin’
Kinetic freeze-out temperature
<Br>:

average radial flow velocity

Simultaneous Blast-wave model
assumes:

= common T,

= common <fB;>

for all particle species

= Meaning of T,;, and <> are model-dependent
» Provide a qualitative comparison of the spectra shape among three systems

Larger radial flow velocity for smaller system
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pPb Spectra in Different Rapidity

CMS pPb 35 nb™ ({Sn = 5.02 TeV) CMS pPb 35 nb™ (8 = 5.02 TeV)
(c.\10=#.llrr|rrlr|rrrr]rrrr|~r|l ||||||||||||||||||||||||||4§&\10?—""I""I""I""I""I' IIlI|""|""|""|""|‘4§
E . 3 F ranges: 7
% 1k Y a5 bct) ine - % 15 "3 "ge“""s""”z NCffine 120,150)
O o (-15-08) (x2%) Ny [0,35) i 8 E 0 (-15:08) (2% J
= 10'E m (-0.8,0)(x2*) 4 <= 10'F m (-0.8,0)(x2°) .o 3
g = 0 (00.8)0(241 . E ;: E O (0,0.8) (x2 )_‘ %00 ., 3
O, 102k + (08,15)(2") ° 1 T 102k e, + (08,15)(x2" all0 *e, 3
o E %0,% E E “h.‘_ OOC.. . EI... oOOo; ® . 3
T .a3f . By %0 % 1 T 403k %o . On Ny o . ]
= 107°F . | 1 = 10°F = C . o u E
| R SR R R N T eelimellel D
o 10F +y, m_ 0 @ + m 0, e 1 o 107 s Og = o 04 = E
- E o "gy, %o * +, %o," ° 5 e 3 = E *s, © " *a o L] 3
gk ", 000p " w83 *efog®t g o 8 4 g0tk R L% o 4
E *s o n + o m © EIE E ., . 3
< 10°F ¢ 70 1B e, %o "4 S 0cF + v 3
2 E * 3 E 3
Zz 107F K? + A T3 §° 107E K2 A E
"10-31....|....|...1..|. G M b b b by 1 ot bty e b B b e b L 1
0 1 2 3 4 5 5 0 1 2 3 4 5 0 1 2 3 4 5
p, (GeV) p, (GeV) P, (GeV) p, (GeV)
N, °ffire [0,35) N,°fire [120,150)
trk ’ tr ’
CMS pPb 35 nb™ (S = 5.02 TeV)
10 LI | LI B I | | LI l| L |l L |l L B B Il L I LI I L I B | I LI B B | I T
—~
& y _ ranges:
> 1 ® (-2.4,15)(x1) N:f:lno 220,260
8 o (-1.5-0.8) (x2%) [220,260) p
< 40! m (-0.8,0)(x2*) ®es,
— " o (0,0.8) (x2°) Oon."%e,
T 02 e + (0.8,1.5)(x2" P05, %%,
10 OOO.. ® ...'l 0o, ® .
S _3 \ m 0, *, O0pg Ny ..0 o L e
= 10 ", o . 4 "n o ¢
\ Og = o ¢ Og L o]
4 + UOn u o o =
10 O |
’\’_ ..0.’ o o ™ #.,‘ o o |
Q 445 + * O
& 10 + , Y. .
d +
-
>
D
Z w0’k K A
-
10-8 PR ERT RTINS ST S U S SN U SN SN ST ST S NS S S R PN TN T U TN T NN U T W N TN U N WO U S Y Y
0 1 2 3 4 5 0 1 2 3 4 5

p, (GeV) p, (GeV)

N, °ffine [220,260)

Civs, | CMs,
Z; Hong Ni 15 SQM 2017, Utrecht |



N\ | K, Ratio in Pb-going Side versus p-going Side

35 nb™" (S, = 5.02 TeV)

CMS pPb
1
[ =
0.8_—
¥ osf
< T
0.4_—
0.2

| 1 LI
Pb going side ( -1.5<y_ < -08) |

p going side (0.8<y_ <1.5)

—a
LA

NTT™ [0, 35)

7

o—lllllllllllllllllllllllll——

NoTI™ [220, 260)

—

—

lllllllllllllllllllllllll

1

2 3
p, (GeV)

4

5

1

2

3 4
P, (GeV)

5

Comparing A/ K, ratio in Pb-going side and p-going side:
= For low multiplicity events, two ratios mostly overlap within systematic uncertainties
= For high multiplicity events, ratio in Pb-going side is larger at higher p-

CMs, | _
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<KE{> versus y.,

CMS pPb 35 nb™ (ySy = 5.02 TeV)
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Comparing <KE;> in Pb-going side and p-going side:
= Asymmetry develops as event multiplicity increases(Pb-going side larger)
= Trend of asymmetry is more evident for heavier particle species

Hong Ni
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The trend of data is similar as hydrodynamic model predicted.
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Ke, /A, and = spectra are measured in three systems with high precision

At similar multiplicities, particle ratios at low p; show a larger difference
between high- and low-multiplicity events in smaller system

At similar multiplicities, “my-scaling” breaking is more significant for
smaller system

<KE;> asymmetry develops as multiplicity increases, with a larger value
at Pb-going side, especially for heavier particles
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Thank you!
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Extra Slides
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Blast Wave Fit Quality

Fit/Data
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= Fit quality is good at high multiplicity events

= Fit quality is not so good at low multiplicity events
(No “radial” flow effect)

Fitting Range:

Ks(0.1 to 1.5 GeV/c), A(0.6 to 3 GeV/c)

cms%g
23 SQM 2017, Utrecht |



