Long-range two-particle correlations with K% and A in pPb and PbPb collisions

Y[V Zhenyu Chen
QUARK

MATTER Department of Physics & Astronomy, Rice University, TX, USA

%‘M\STADT . on behalf of the CMS collaboration

Compact Muon Solenoid

Extraction of VO signal v_

(b) CMS pPb |'s,, = 5.02 TeV, 220 < N>I'"® < 260 L : T : T
. . .. . ~ CMS Preliminary pPb |'s,, =5.02 TeV . ~ CMS Preliminary pPb \'s,, =5.02 TeV . | CMS Preliminary pPb \'Syy = 5-02 TeV |
D Observatlon Of d S]gn]flcant lOng-I’ange near'S]de 1<pfr”9<3 GeV/c | 220 < N2 < 260 | | 220 < N°Me < 260 + | e 220 < N°M™® < 260 B
two-particle correlation in pPb collisions opened a  1<p™<3GeVic - . |~ ° Tersmesew b wpeeeasee 0 8 Nearly free of bkg.
new avenue of studying novel QCD phenomena in e s, [0 s o S T T
= _ > L . : . > L . ] 5 i ° o i
small systems. 1S 4 - o R 1 20 . f
Zlo 337 L ., obs| - B | & R
Al 1 ° — -
o 3247 L ! V2 T - VvV bkg - ot Si . |
. 3 827 . 2 -+ |Signal fraction (f..)) | |
Q In the context of hydrodynamic models, A g : ] 2 : ul g (fsg) |
. . - . ~— Z_,_, ] 0.0 | 0.0 | | | | B | | | N
anisotropic flow (v,) for unidentified charged 4 ; I : ; I 6 ; I 6
particles in pPb collisions have been extensively
° ° Obs . SZ. bk | | | | | | | | | | | | ]
StUd]ed by the CMS Couaborat]on' ’U,n — fsigvn J + (]- — fsz'g)vn J - CMS Preliminary pPb \'s,, = 5.02 TeV -
ac | 220 = N2 < 260 ]
o fro . . i | CMS Preliminar
Identified particle v, in AA at RHIC PRL 98,162301(2007) 4 4 PLB724(2013) 213 e - 7oV . 021~ 0.3 < p™*° <3.0 GeV .
J(')‘"I""l""l""lu"'='I""I""l('b)'q l(';"l""l""l""l'll"_"l""l""l"('b; 150__Lim=35nb'1 age : 0.0067 GeV ] B .Kg ¢ )
0.3}2 :n:::r_(PHENIX) -({:K-:%(PHENIX) 2 L (a :n:m- (PHENIX) < p+p (PHENIX) ] . ] . . . . [ 220 N0 < 260 " ] N _
: e o 1 g,(?;e;;)‘ 0] " KK (PHENX) o M+ STAR) { Elliptic flow (v,) of identified particles in Peak region: : 1<pT“f3Gev . | ° . . . . -
| dﬁ .} bl *+ + I AA collisions at RHIC: within +26 100f- K8 - S : -
0.2 o + ¢+<> 1 o | o’ 1 . - [ 0.1 ¢ —
o @% ﬁ +: &P’a’f‘* *+ + g | sﬁ“ | J Mass ordering of v, at p; below 2 GeV, I : ¢ . -
i C I . | > | : - : : - i : i
T g’a” file 1 = oosy consistent with hydrodynamic models. Bkg. region: | s - B v.sigl
01 oof + . . . _ [ ¢ 2
e ;; Q0 Number of constituent quark scaling 30 - 100 " bkg bkg - ° = -
® 1 . . B . 0.0 ]
.*"{g' e . o phenomena - Recombination? o S = ————— L T B
o] [ AP TIPS PPN PP | (PR INSTTATE VST AT AT B T : : ' ' ' 0 2 4 6
o Py (éeWc) PP 1I<Er (GSV) ’ P/n, (GeVic) KE/n, (GeV) n*m invariant mass (GeV) Pr (GeV)
Are the mass ordering and number of constituent quark scaling
phenomena of identified particle v present in pPb collisions? = | | r—— ———
- CMS Preliminary PbPb . T
- %JD_b N \/?NN=2'76 TeV,yLim=2.3 ub® HE 1 35 < N:)rflzline<60 T 60 < N:’rf;""e<120
*% 04l . KO 4 1 (80:4%) L (73+4%) il
o fonn ' . Low multiplicity from MinBias trigger
0.2 - -+ 4 - _
| . . . ' - ¥ 1 o ® 28 g * . :
7 Vo fruct , - 1 Unique high-level triggers enable - h Voo ] Lo b b L] ot  No near-side ridge observed
reconstruction via i : : : : - =5% Tm" T ' : : : : :
osical d . precise studies of PID v, in very high op w1 [ Dominated by jet correlations with little
topological decays 1n multiplicity pPb events o EP st L essns § 1 a0 | v | Species dependence
CMS SiliCOI’l tl‘aCkel’ CMS Preliminar S 0.4 + (24.5-45%) + (2.5-24.r5%) - . .
e | byl - O Mass ordering of v, emerges at N>60 in pPb
10F | L/IGBII\?%“ 100 . :g $fk‘"”e>1gg? = | + | " . |
- ° k> ¢ k> ] ok + . -
1é_ o HLT NfrE"ne>1 30 4 0 [ » Fr I . . I 2 . :1 - and Pbe
- ] - - 2 N?rflzline<35 1 - 1 ;':'Eala |
1078 E ol ® A (48-100%) [ =" 1 ¢
Z 102 ]
o \ p. (GeV) p, (GeV) p_ (GeV)
- / 107 % 3
primary vertex / | i e W8 ]
) s ( i 10_ g «y ~.' _§' [ ° ° [ i ® i
o~ Nopca | (0S| X ,Wm High precision PID v_ data in pPb and PbPb over a broad multiplicity range
5 10% 65 505 308 * *

x10° x10° | . « se e .. .

: CIMS Flrelirrlninar;/ | | | | | | | | I: i (I3MSIPreIIimir|1aryl | | | | | | | | | - i Orf;”ne H’gh mUIt’pl’C’ty pr EIIIptIC ﬂOW (V2) TrlanglJIar ﬂOW (V3)
> 50l prVSTm:i'OZTeV Mean: 0.4976 GeV N > 10 pr\(sTm:i'ozTeV Mean: 1.1159 GeV ] 1o e d o T ] a L e e B B B L L S s S | B S S B S S S B " oMS Profiminary oPB |
8 | Line=35 ’Tb Average c: 0.0067 GeV 8 - Lim=35 rfb Average o: 0.0031 GeV i ! 4":,, CMS Pre"minaryA pPb MinBias § - CMS Preliminary pPb - i | i = = 7
o L 220 < N < 260 B | 220< N2 < 260 { -, > PbPb 50-100% - p Pb [ sy =5.02TeV,L_=35nb" [ Sy =5.02TeV, L, =35 o
S - 1<p,<3GeV S | 1<p,<3Gev | ol Ry - —>-é<— o2l m K w ® 1 o X1 ¥ w I - m K 185 < M <350
o - 0 | . o T ! = Ly, 3 ' S -+ - » " 010 S _ (0-0.06%) _
o 100 Ks _ S | A i - o AA o, R | | %# . - | e A/A
g : g oo - | 10 s = pen L N BT o [ :
g : g B /\ 7] i - % . 0.1 ’ -+ . ﬁ? -+ ‘ Eﬁ! -+ a:+:; 7
"g 50 — 'g i i 10° a'a,‘ = . -, e ] f.: 0.05}— . T o
S i S : ] {" I ?" 150 < NJI'"™ < 185 ?" 185 < NJy "™ < 220 I i,- A 220 < N0/ < 260 : ! -y ]

- 10 ‘: 9% E o ?‘l ¢ 1| ii' (0.06-0.5%) T w @ (0.006-0.06%) 1 tﬂﬁ.‘ (0.0003-0.006%) ' i ﬁm' #

0 045 0.50 0.55 Pos 1.10 112 1.14 1.165 3L % %ﬁﬁf _; 0 0 szl (ée\}) o o o o o o 0'005%' —— p' (G;eV)I :
ntr invariant mass (GeV) prt” + charge conjugate invariant mass (GeV) n o % o <% --------------------- T T . T - —
Clean reconstruction of K° and A over wide range of prandn | ° 00 600 o 1 e T 1 ol i
| ' 0.06]- E £ ?(% ™ + ]
o [ e w I -
oo § T # T X 1%
> i ii F.:“: T i " > 0.02
0.02|- E T E T ’* -
14 ¥ {7
Signal pair distribution: Background pair distribution: e <3 cev K&-h e AA-h? | T TR T TSN 7. S0 ol
1 d2N=" 1 d°N™ L s i N %1E§E“bﬁ5““"*"_"I_—}*ﬁmﬁ#i"*“'_i"}#ﬁmﬁii__F:__I“}_:' Tl e % S m
SALAP)= N dandAg BATAD) = dandae s |2 L XS 1 -t & e Rt B e I ¥
= 0.0 0.5 1.0 1.5 2.00.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.00.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0
same event pairs mixed event pairs Ulgg- (mT-m)/nq (GeV) (mT-m)/nq (GeV) (mT-m)/nq (GeV) (mT-m)/nq (GeV) (mT-m)/nq (GeV)
= | Comparison to PbPb at comparable multiplicities
= oasF - .1+ ~_ . r - T rrrrrrr-r°-r Q-+ * 1 10 | T ] " oMS Preliminary '
>3 [ CMS Preliminary PbPb _ relirinary
% W, Pb Vs =276 Tev,yLi?tf 2.3 ub’ 1 I ::tp:z\{ﬁ;f-?ﬁ TeVig
"""{"3;‘,’,;/:2" \ . T (c) CMS Preliminary, pPb |s,,,=5.02TeV,L _=35nb"  (d) CMS Preliminary, pPb |'s, =5.02 TeV,L =35nb" E}% §<_ ool u Kg_ * ‘o 1 ?; . 1 . ut‘ @ * ] oo ™ Kg_ i
220 = N < 260 K°-h: 220 = N < 260 g AA-hE ‘ T e Af,A Hf_dj#a o L %“@“ » ,ﬁ? aﬂgfiﬁﬁﬁ ;*3# \ :I; ' - e A+//A
:j;%s:jjgﬁv ° :Ess:jjg‘gv S i ﬁﬁﬁ L - ggﬁi S ! %ﬂ% ¥ _— Yol o [N : "
LS oo N i R T 8 1= [ T2 I -
%%: 3.4 s \ “"(Q / %%: 3.2 ?‘\ /A, 239 X ‘«' - 120 < N::Tine<150 Ay 150 < N::rflzline< 185 '{i 185 < N:r::"ne<220 ,{i 220 < N;,rf;"ne<260 i %ﬁ+ | $
Event 1: B R ST B 2 T NN oL ® (673%) (64:3%) 1= (62+2%) = (59:2%) : C om 185 soN:’r‘J"“e<350
B iipater g N S R R B HE A 000l %, o
4 4 p, (GeV) P, (GeV) p, (GeV) p, (GeV)
An:nassoc_ntrig N 1 R T A L L AL AL AL

A¢ — q)assoc - ¢trig 0.04

e

deair ~ 1+22V COS(nA¢) . . & ©y
dA¢ ~ nA ~ o.os:—l.g:f:

Assuming Factorization:

| CMS Preliminary, pPb \s, =5.02 TeV

0.3 k — —+ . :
trig _assoc\ __ trig assoc | Lin=35nb t ht T 0 b+ 1 .ht - - /
Vaa(pr ©,p7%%¢) = vn(pr ) X v (p77°°°) _ [ 1eptt<scev h-h" T + me2o0<N<2e0 K T e AN L e e .

- 4 _ _.assoc - - - e . . o . iC e

% i I1.o<nI; rang<e3Gev - 0O 0<N<35 1 I -'% B-mp-0--w 0 8 -w - - 8 10f

o) 02k —+ -+ . a " ’e ! * i 8
[ 1Anl>2 0.5 1.0 15 5.0 0.0 0.5 1.0 15 5.0 0.0 0.5 1.0 15 5.0 0.0 0.5 1.0 15 5.0 05
(mT-m)/nq (GeV) (mT-m)/nq (GeV) (mT-m)/nq (GeV) (mT-m)/nq (GeV)

1

dealr
N, g dA¢

0 re
VO) . V'n,A(p¥ apT f)

Un ( — 1 Evident mass ordering of v, 1 Number of constituent quark scaling for v, holds
n pT ref _ref
\/VnA(pT D)

between K° and A with larger within 10-15% in pPb at high multiplicity, which
splitting in pPb than PbPb holds less well in peripheral PbPb.




