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The first unexpected discovery at LHC: Ridge in high multiplicity pp & pPb collisions from CMS
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The first unexpected discovery at LHC: Ridge in high multiplicity pp & pPb collisions from CMS

+* Discovery of “Ridge” in pp & pPb
=> sign of collectivity? same origin?

** Geometry + Fluctuations

+* Well described by hydrodynamics

+%* Similar trend of v, in three systems
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The first unexpected discovery at LHC: Ridge in high multiplicity pp & pPb collisions from CMS

+* Discovery of “Ridge” in pp & pPb
=> sign of collectivity? same origin?

** Geometry + Fluctuations

+* Well described by hydrodynamics

+%* Similar trend of v, in three systems

CMS
I T T T T I T T T T | T T T T | T T T I T T T T I T T T T I T T T T I T T I T T T T I T T T T I T T T T I T T
010 pPp Vs=13TeV o V§(2, IAnI>2}+ PPb \Syy =5 TeV Pb 1 PDbPb \s,, =2.76 TeV. s
m v,{4} o ® ]
pp + v,{6} - °
O v.{8} 1 °
I O VALYZ} c ® ® 0000, |
' 'y
0.05 2 (] - .
.o ine 9.8 8 pu
A T A - wrr PbPb
o {1 e + I
® 1 1 |
03< p, < 3.0 GeV/c 03< P, < 3.0 GeVic 03< p, < 3.0 GeV/c
_I ml < 2.4 | “I | ml < 2|.4 | I | < 2|.4 | ]
0 50 100 150 0 100 200 300 0 100 200 300
Nofﬂine Noffline Noffline
trk trk trk

Phys. Rev. Lett. 115, 012301 (2015)

Rohit Kumar Singh(IITM)

ATHIC 2025




Analysis Method =

% Cumulant method:

+* Multiparticle correlation technique Phys.Rev.C83:044913,2011
+3» Non-flow suppression in a data-driven way
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Analysis Method =

¥ Cumulant method:

+¢* Multiparticle correlation technique
+* Non-flow suppression in a data-driven way
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=> Differential cumulant : d, {4} = ((4')) —2((2')) - ((2))
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e In standard cumulant, nonflow from jets
contribute to four-particle correlation
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Results

¥ v,{4}in 185 < ]\Qi?line < 250 as a function of p;

CMS-PAS-HIN-23-002
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e Atlow p;, PbPDb has larger v,{4} than pPb
e At high p;, similar magnitude and similar trend of subevent v,{4}
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Results

% 4 subevent v, {4} in 185 < (N/""¢) < 250
pPb 186 nb' (8.16 TeV) + PbPb 0.60 nb™' (5.02 TeV)
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Results >

v,{4) in different N2/ bins with p°! > 6 GeV
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e Similar magnitude and trend for both PbPb and pPb when p7°' > 6 GeV across all multiplicity bins
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Summary & outlook
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Summary & outlook =
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Analysis Method

% Differential cumulant d,{4} calculation in standard and 2 subevent method

% Standard (w/o subevent)

d,{4} = ((47)) = 2{(27)) - ((2))

-2.4 2.4
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Analysis Method

% Differential cumulant d,{4} calculation in standard and 2 subevent method

% Standard (w/o subevent)

d,{4} = ((47)) = 2{(27)) - ((2))

-2.4 2.4

< 2 subevent

—> d,{4}p, = (") = 2((2)*1") - ((2)77)

—> d, {4}, = (D7) = 2(2)P) - ((2)77)
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Analysis Method

% Differential cumulant d,{4} calculation in 3 & 4 subevent method
% 3 subevent

C
C — POI : (-2.4<17<0.8)
24 08 08 24 o d {4} 3, = ((4)1PPley —2((2)71P) - ((2)P1€)
» 1
c POI : (0.8<<2.4)
C’ — , ,
o d {4}35, = ((A)APPIY —2((2)7IP) - ((2)P1)
2.4 -0.8 0.8 >.2.::]
C
——p  POI: (-0.8<<0.8)
C
o d {4}35, = ((4)UPPIey —((2)7F) - ((2)"1€) — ((2)4P) - ((2)"1)
-2.4 -0.8 0.8 2.4
» 1]
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Analysis Method

% Differential cumulant d,{4} calculation in 3 & 4 subevent method
% 3 subevent

POI : (-2.4<<0.8)

o dy {4300 = () = 2(2)P) - ((2)"1)

POI : (0.8<7<2.4)

o dy{ 43 = ((ANP) = 2((2)7P) - ((2)"1)

POI : (-0.8<1<0.8)
o d,{4}35, = (A1) = ((2)47) - ((2)71) = ((2)7P) - ((2)"1)

< 4 subevent

A {4 4q = (A1) — ((2)71) - ((2)°1) = ((2)71) - ((2)"1€)

-2.4 -1.2 0 1.2 2.4
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Cross-check >

% dp{4} in HIJING in 60 < (N37") < 120
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e HIJING lacks collectivity => used to cross check non-flow subtraction of subevent cumulant
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Cross-check

¥ v,{4} with toy model simulation
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e Able to extract almost all input v2 with 4 subevent
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Supplementry plot

% v,14} in different NV 7" ected hins with POI p,> 6 GeV

pPb 186 nb™ (8.16 TeV) + PbPb 0.60 nb' (5.02 TeV)
;I_Ho15_---|----|----|----|----|----|----|----_
-z,  CMS preliminary -
> i Z
_ 5 5 i
0.1+ H f o ) o 7
0.051~ ] p, of POl > 6 GeV 4 subevent
- ml <24 T
o B
_ e pPb 8.16 TeV i
i o PbPb 5.02 TeV i
_O.OS_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_
0 50 100 150 200 250 300 350
<Ncorrected>
trk
| | pPb | PbPb
Nt(;flflme range < Ngfﬁllne> < Néirrected> < Nt(;fkﬂme> < Ntcr(l)<rrected>
(0,60) 27 33+1 23 39+2
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