Overview of QM2014:
Experimental Data in pA
and dA

All materials are from the following presentations in QM2014
http://gm2014.gsi.de/

Thursday morning: Anne SICKLES
Monday afternoon: Li YI, Sanghoon Lim



why p+A collisions?
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hard probe rates
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hard probe rates nearly unmodified from Ncoll scaling
both in d+Au and p+Pb at midrapidity



Non-single diffractive
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= Diffractive reaction in particle physics: Exchange of pomeron that has the quantum numbers of
vacuum leaving a large “rapidity gap”
= ALICE definition of SD: Diffracted mass My < 200 GeV/c? (non-diffractive protons escape the

detector acceptance) with a large rapidity gap
— DD: NSD with Anp > 3
= Experimental definition
— SD-like: Only one side of the detector is active
— NSD-like: Both sides of the detector are active

— Normalizing the data to specific event class such as non-single diffractive or inelastic
collisions: input for the model calculations to determine the number of binary collisions



jets...new this Quark Matter
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charged particles...more interesting
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different impressions between CMS/ATLAS & ALICE data

big caveat: no pp reference at 5TeV (will be wanted for Hi
reference anyway)!

much of the difference ALICE/CMS difference is in the

reference (see E. Appelt (CMS))
Appelt, Aiola, Balek



charged particles...more interesting

£ “  Charged Hadrons
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different impressions between CMS/ATLAS & ALICE data

big caveat: no pp reference at 5TeV (will be wanted for Hi
reference anyway)!

much of the difference ALICE/CMS difference is in the
reference (see E. Appelt (CMS))



and centrality dependence’?
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enhanced protons
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where are the enhanced baryons from?

p—Pb minimum-bias collisions
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low prt spectra
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what about heavy mesons?

(pb c?/ GeV?)

expectations from Blast Wave for heavy mesons in d+Au
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In d+Au collisions
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In d+Au collisions
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Rapidity expansion in d+Au
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Rapidity expansion in d+Au
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Enhancement in central d+Au

d+AL
O><€ ¢ > Cu+Cu Au+Au
p+p <€ > Au+Au
i <€ 1000
NcoII =1
21T - I e
3 | d+Au @ |Syy =200 GeV | s oo ]
T 2 a) 0-20% ni<035 - 1:: arXiv:1309.6924 :
1.5 T ]
C 1.4~ —
L ! ....... N i :
0.5 Phys Rev. Lett. 109, 242301 (2 12) - ) _
ERE R RN = :
P, [GeV/c] = -
e s anent? _ e electrons, 0-20% PRL 109 242301 ( 012)H_§
9initia| pT component due tO mUItip 0-4:_ —— Blast Wave calculation _:
scattering of incoming partons 02l =
. . N R T NI PETE N P PO SRR T
Radial flow qualitatively TR s Gevie)

reproduces the data!!

PHENIX heavy-flavor electron results
Sanghoon Lim

Al

NN
PH-<ENIX




Hydrodynamic behavior?
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In Cu+Cu collisions

P05 clic
u+Cu i Au+Au
+ 1€ > Au+Au i -
N p 2 1 < ]h" NCO" ~ 1000
coll arXiv:1310.8286 2 "
10_ T T [ T T T [ T T T [ T ] L C+u+Cu@\%=2OO GeV
= Cu+Cu @ \s,,, =200 GeV - i € *€ from open heavy flavor
1 0-1 B % from open heavy flavor ~ _| 1.5 2
I B i -
’g 100k 1 Slight suppression 1 th” i § T
il _ > NN
S 10°F; 1 <Ncoll>~182.7 0%
> LD — L 0-10% Central
Z| 0O 7 - o
Elar107r i % 2 4 6
R : 2
s 10 L —i-\- =g L
-8 L 7 Significant enhancement | }
11l ¢ 094% x10° | 1.5 { '} '} {
Q.'_10 = m 0-10% x 102 7 > i m l
™ — 4 0-20% x 10' — ~ E
& 13l v 2040 10 i <Ncoll>=5.1 1 —
107°F & 40s0%  10° 1 - \
— 0 60-94% x 102  arXiv:1310.8286 | — i
10—15_ + p+p data x 10° | 0.5
d oo | ] i 60-94% Central Cu+Cu

p_ [GeVic] p_ [GeVic]

PMIX PHENIX heavy-flavor electron results 8
N Sanghoon Lim

% XXIV QUARK MATTER



In Cu+Cu collisions
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what about heavy mesons?
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harder initial spectrum
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away from midrapidity
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many features of identified particles at moderate
and low pr spectra are suggestive of what has
been observed in A+A collisions at both RHIC and
the LHC

how are these particles correlated with each
other?

16



Ridge In p+p, p+Pb at LHC

CMS pI JHEP 09 (2010) 091 CMS pPb pLs 718 (2013) 795

.0GeV/c<pT<3.0GeV/c

CMS pPb \[s, = 5.02 TeV, NJ|'" 2 110 (b)
1<p <3GeVic

Near-side Ridge

4

dngair

2 1
© 50X

g AN
S| 1. ,:Io"‘v“"“\“‘

A PRI ST
2 1 Rt gttt Iy \
=z st "‘\\

TSROSESEZ )

SRS e
“““\“:‘?‘"

sy 1 N
: v,’:vl:.“ I\

ANk
A0S
' “‘ P% p
Ve 0

"

-4

ATLAS pPb prL 110 (2013) 182302

0.3 3_0.5<p$<4' GeV o.3<‘p_";<0.5 GeV]
[ ATLAS p+Pb |s,=5.02 TeVO o]
02 E) L- 1o 24 :

T bS, =145

Yoo ok

Vel 0.2 =, 2| d9-q
(3°001-03) - (6°08-0)

9 > >S
eitT a

.. .-+ Double Ridge

' 4
I- A\\ﬁ

e Ridge observed in high-multiplicity pp and pPb events
* High-multi.— low-multi. (for jets) — double ridge in pPb

2014 May Li Yi, Purdue University



Ridge in d+Au at RHIC?

PHENIX d+Au Double Ridge
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;;;;;;;

0.0 05 1.0 15 20 25 3.0 05 1.0 1.5 2.0 25 3.0

PRL 111 (2013) 212301

Physics mechanisms
e Hydro?
e CGC?

~\USTAR

2014 May
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J1ox10*

PHENIX d+Au Finite v-

0.25F

0.20f

0.15
od
=

0.05

STAR d+AU VS p+p <Z cos |

0.10}

[ 0- 5% d+Au @ E{II] GeV [EI}II

M pion
@ proton

— pion

viscous hydro.
s = 1.0/4x)

— pmmn

051(}152(}253(}35

P; (GeVic)

arxiv
1404.7461v1

Cpi))>
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4R

4 top 20%
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100%-40%
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Li Yi, Purdue University
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TPC-TPC Ag Correlations High- vs Low-mult

d+Au@200 GeV p.: [1,3]x[1,3] GeVi/c
FTPC Multiplicity

N j i r. i i I i i ! I T ' ' ' I ' ' j I ' ! i ! i ! ! T i i i T ! i i
mE:_STAR Preliminary O<|An|<03: : 05<|Ar]|<07 : : 12<|An|<18
% ] STAR Preliminary | | STAR Preliminary
g o 0.05 0.05
2z L L
= i i
2= 0.05 I I
0_ = —';i bl o FIF B 0= Ha s <5 22 5 P £ 2 P —
: B Dammwee) ¥ pasasa L 44 Zoanae)

%L (0-20%) - (40-100%) 7 *“F (0-20%) - (40-100%) | °*F (0-20%) - (40-100%) -
0.021 ot . e ] 0.02:— R +¢H* **** **** g 0.02:— N +¢m+*++_—£

IS R s - 9 L -+ -+ g L
. n s . R . . e,
0pe-2- e r Oje-—+- i Urerag AT, S

o 2z 4 0o =z 4 0 2 4

* high-mult. (cent.) > low-mult. (peri.) on both near-side and
away-side.
e central - peripheral = “double ridge”

~WSTAR 2014 May Li Yi, Purdue University 7
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Near-side Ridge in High-multiplicity

d+Au@200 GeV p.: [1,3]x[1,3] GeVi/c
FTPC Multiplicity
o~ Noar-ide paiar - it (oerts |~ T ST Protmintey|

- * Away-side [Ap-nt|<n/3 - [AQ-AQ__ |</16 7

40-100% STAR Preliminary |

=]
51
T

||T||
|

(1IN, d;NfdAndM
(1IN, d;NfdAndA¢
| | | | | | | | |

1 | 1 | | 1 | | 1 I | 1 | 1 | 1 | | | I | 1 | | | 1 | | 1 | | 1 I | 1 | | | 1 | | 1 | |
2 1 -

0 1 2 2 -1 0 1 2
A _ A
Y =0 0459(1(:: Near-side Y =0 0294(18) Gaus. area
o = 0.336(6) Gaussian + Pedestal Fit  ; _ 5335(9)  Gaus. width
Ped = 0.0019(4) < > Ped = 0.0070(8) Pedestal
x2/ndf = 19/25 x2/ndf = 19/25

 Finite pedestal — Near-side Ridge
 Different jet shapes and yields between cent. and peri.
— Multiplicity selection bias? Jet energy, fragmentation?

2014 May Li Yi, Purdue University 8



Away-side Ridge?

d+Au@200 GeV p.: [1,3]x[1,3] GeVi/c

FTPC Multiplicity
| (0-20%) - (40-100%)
e Cent. - perl. # Cent. - Jets SARRERRERRARS STk Prominars ]

residual of jets © Near-side
e Away-side

e
o
¥

=2
T T T T T T T T T |

trig

(1/N_ ) d®°N/dAndA¢ cent - peri
2
|

23e TAR 2014 May Li Yi, Purdue University 9
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Away-side Ridge?

d+Au@200 GeV p.: [1,3]x[1,3] GeVi/c

FTPC Multiplicity
| (0-20%) - (40-100%)
e Cent. - perl. # Cent. - Jets SARRERRERRARS STk Prominars ]

residual of jets * Near-side
e Away-side

e
o
¥

=2
T T T T T T T T T |

trig

(1/N_ ) d®°N/dAndA¢ cent - peri
2
|

|An| used in PHENIX's paper
Same near-side and away-side
PRL 111 (2013) 212301

S WSTAR 2014 May Li Yi, Purdue University 10




No Away-side Ridge

d+Au@200 GeV p.: [1,3]x[1,3] GeVi/c

Do first-order rrection me iet vield FTPC Multiplicity
Irst- 10N. I
O Tirst-oraer correction. same jetylie (O 20%) - 1.29 X (40-100%)

Assume: rrrrrereerrr
 Peri. correlation has jets only.

* Away-side jet yield «c near-side jet
yield

STAR Prellmlnary
e Near-side ]

e Away-side

e
o
¥

(1!I‘~It Hg) d’N/dAndAg cent - 1.29xperi
T T
i3

Yeen YPel - near-side jet yields

R — YCent. / YPeri. — 1291005 i
(Away-side ratio: 1.32+0.02) :L :

Cent. - RxPeri= Cent. - Jets I B B N >
An \

near-side
jet shapes

 Away-side ~0 — No Double Ridge in d+Au@200GeV difference

e e

S WSTAR 2014 May Li Yi, Purdue University 11




TPC-TPC A Correlations High- vs Low-muilt.

d+Au@200 GeV p.: [1,3]x[1,3] GeVi/c
FTPC Multiplicity

[ i i I_ '. i ! l i ! i l "] i ! i l i i i I j i ! l i ' j ' I ' ' ' T ' ' j I
oo [STAR PrehmmaryO<|An|<O_3__ i 5<|An |<O 7 1 : 12<|An|<18
% e 0-20% - ° 1. 29)((40 10094 ] | STAR Preliminary
0.1 4 005 or 0.05
g o o 40-100%7 °* 3!
- - 4
:.%’ 0.05 b |
0: i 2YAM=0.3546(] OpF=& e ZYAM=0.3514(3) 0 L ZYAM=0.3468(10)
- | 1 | ZYAM=0.1578(4) - i | ZYAM=0.1471(6)- C LT 2YAM=0.1324(7)
0.04-_STAR Preliminary _ N 0.04_. Cent Pel’l - STAR Prellmlnary 0_04_. Cent Pel'l STAR Prellmlnary
- e Cent.-Peri. ] - :
- . e Cent.-RxPeri. ] [ o Cent.-RxPeri. ]
ool gev, ® Cent.-RxPerl. 7 ,.,L by . 1 ooz .
E +* +g +++H}++ E E :.j.f* **#_._ : *** *** ] : A 4 *’¢+ i
o APl = o e H}*& Dfﬁ*ﬁ . H{'ﬂr“‘ ARSI
/ 0 e 4 0 > 4 0 2 4
A A
jet shapes ¢ P A(P

difference o Away_side ~0
* Near-side: finite at An = 1.5
- How about even larger |An| = 3?

Wle ’;; AR 2014 May Li Yi, Purdue University 12




TPC-FTPC: High-. vs Low-multiplicity

d+Au@200 GeV p.: [1,3]x[1,3] GeVi/c
ZDC Energy
Au Gomg Slde (An = -3) d -Going Slde (Ar] 3)
E ® O 20% -4_5<Ar]<_2 E 2<Ar’|<4 5 STAR Prellmlnary :

% oL @ 40-100% N %
3 I STAR Preliminary i 3 4
Z i =z [
b -] B k-] B
A_E" 5 i A‘_E'l 2 i
z z
bl » L = .
H ;J:' : - O ] .'"'..n:r"
Tz L at R ()= e ]
F ZYAM=0.1776(3) o ZYAM=0.0438(1)
- ZYAM=0.0978(2) - - | AHS | zv.qm:u.oslmm-

) 0 T2 )

Ag
 Away-side: enhanced at Au-going side; depleted at d-side.

* Near-side: finite for FTPC Au-going side (An = 3) in high-
multiplicity collisions.

2014 May Li Yi, Purdue University 13



Recap: Near-side in High-multiplicity

d+Au@200 GeV p.: [1,3]x[1,3] GeVi/c
An=15 . On=3
T STAR Preliminary - 157
I TPC-TPC | TPC FTPC Au -going

i [ FTPC 0-20% | § 1o ZDC 0-20% .
ﬂg 0.05 g - STAR Preliminary
2 S s[

D_ | | 2YaN=.3468(10) Dﬂ*ﬁﬁ ZYAM=0.1776(3) T

Ap AQ

* Long-range near-side correlations are observed in both
TPC-TPC and TPC-FTPC

 What could be the the physics mechanism?
« Study charge combinations

~\WSTAR 2014 May

Li Yi, Purdue University 14



Unlike-sign vs Like-sign

d+Au@200 GeV p.: [1,3]x[1,3] GeVi/c
x10 n — r]
o | | R 0.008 STAR Prehmmary
o o Unlike- Slgn ] -~ ZDC 0-20% 1 e i
Mear-side yield o 30__‘ lee S|gn N g ear-side yie
- 0.004 — . _
Us: 354672 w10 g' 202_ FTPC 0-20% ’ g i UST.641.57 =10 "
) £ L STAR Preliminary o i i
-y C ~_0.002— 156 7y g+2.0 —d
L5- ].E:EI]:.?..-"'ID 4 _g- B zg‘ L i LS:6.24+1.6 1.5..-"'1|:
= = 10_— — z
1'“'$ LR 17 ik ° S % ZYAM=0.0885(2)
; B : ‘F‘? _ PYAM=0.08850) |

Zzzz_ ++ 'Unllik'e'- Likel _ EZZ_ | | Unllke L|ke

i e sous; B

[STAR Preliminary ] "STAR Preliminary

0004[‘15240004['):'34

JAY0) JAY()
* An = 1.5 near-side: unlike-sign > like-sign
- Jet-like feature?
* An = -3: No difference.

o
T
Cl

2014 May Li Yi, Purdue University 15



Associated Particle: Positive vs Negative

d+Au@200 GeV

Near-side }-'ield 3
Pos:24+5T5x 10~
Neg:234515x 1074 §

trig

(1/N_ ) d NfdAndA

0.004

0.002

O

-0.002F

-0.004*

e An = 1.5:

An 1.5

e Posmve assoc
_- Negative

- FTPC 0-20%
- STAR Preliminary

ZYAM=0.1801(7)
ZYAM=0. 15&3(7) ]

%os Neg

+
*wwﬁ

STAR Prellmlnary

Acp
No difference.

(1N, ) d"NidAndA

0.004—

0.002

-0.002

-0.004*~

X107

p.: [1,

n~-3

| ZDC 0-20%

STAR Prellmlnary i

3]x[1,3] GeV/c

Near-side yield

{Pos:12.5+1.6724x 10~

& Neg:2.4+1.5710% 10~

ZYAM=0.0923(2) |
ZYAM=0.0849(2)
1 | 1

STAR Preliminary

0 A(p

* An = -3 near-side: positive associated particles only

— Trans

2014 May

port protons?

Li Yi, Purdue University
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S u m m ary for the correlation part

» Jets yield and shape difference observed in low- and high-
multiplicity d+Au@200 GeV

 Away-side ~ O after jet difference corrected - No double ridge

* Finite near-side long-range correlations — Ridge observed by
STAR.

- An ~ 1.5 : unlike-sign > like-sign - jet-like?
- An ~ -3: from positive associated particle only — transport protons?

* The near-side ridge may be due to physics mechanism other
than flow. STAR does not observe elliptic flow in d+Au.

3 - »:::L;,, AR 2014 May Li Yi, Purdue University 18



Byungsik Hong
텍스트 상자   
for the correlation part


angular correlations

LN I LA L
| ATLAS p+Pb \5=5.02 TeV, [ L~ 1 b
CMS pPb \[s = 5.02 TeV, N°"® > 110 i 1 = 0.20 g
NN trk (b) | 0_5<pi,b<4 GeV, 2<|An|<5 (C) i >.. v, v, p-Pb |s,, = 5.02 TeV
1<p <3GeVic 0.6 — N\ - e O 05<p, <p <10GeVc
c B < , < ‘ < 2.
B _e_ ZE$b>80 GeV bZYAM=1 43 ] 0.1 5 - : é ;g . ZT,trig . zT,assoc . jg 2:xﬁz
Les L O . Ttrig T,assoc
= SO | & 3EP<20Gev bY,,=32 o . i
= p S 4 o 0.10(
6lg LN o> ' i +
-O 7’1‘ ' (‘ = B i L
R N o oo +
4 “““ 55 "" CROSAEAR - 02| O O =] 0.05 é
ot i Ot o o - : : ?
S 4 . e
”'; <XV ‘0“‘0‘ i ’ B
2 OSSO 2 ! O B - 0.00
\V/ Iy olom 508 o= 0-20% 20-40% 40-60%
-2 D«(\ 0 1 2 3 Event class
-4 A9

QM2014: wealth of new measurements
vigorous discussion about methods & interpretation
focus on methods, pr reach, particle 1D

CMS PLB 718 795 (2013)
ALICE PLB 719 29
ATLAS PRL 110 182302 17



cumulants

| I I I I | I I I I | I I I I I I | | | | | | | | | | | | | | |
- PbPb \{STIN =2.76 TeV + pPb m =5.02 TeV
0.10F 03< p. < 3.0 GeV/c; nl < 2.?5 500 o o+ 03< p_< 3.0 GeVic; Inl <2.4 _
o © 1
o © T
S - 555 1
B O 4 i
> QLT T O 'Y
O 3 OOO
0_05153 I O vA2, IAnI>2} —+ 0O i, g ; B * 0
- O O v{4} 1 [I] o ]
+ v,{6} 1 [I] ]
¢ v,{8} 1
® v,{LYZ} | CMS Preliminary
T S TR TR KN N N T T AN TR T ST A NN S U (N NANN SR SR SR NN S SN NN N NN T N S TR RN T
0 100 200 300 0 100 200 300
NOffIine Noffline

trk trk

v2 from cumulants smaller than 2-particle correlations

no change in v2 for 4,6,8 part. cumulants
Wang
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mass dependent flow

v,{2PC, sub}

O-25_""|""|""|""| |_ 0.25—IIII|IIlllllllllllllllllIIIIIIII—
- ALICE - "~ 0-5% d+Au 200 GeV .
[ p-Pb |s,, =5.02 TeV - - A pion

021~ (0-20%) - (60-100%) ~ 0.20 @ Proton
~ mAh AT :

015 —
B 0.15— +
= [aV]
- % . &

0.1 ]

: :; - - 0.1 0 |

0.05 — -
' PLB 726 164 ] 0051

) PPN I S P I B S B B PHENIX: 1404.7461

0.5 1 1.5 2 2.5 3 3.5 4

_IIIIIII|IIII|IIII|IIII|IIII|IIII
[ (GeV/c) 00 05 1.0

25 30 35

15 20
P, (GeV/c)

[ T T T T T T T 1 T T T
0.3 CMS Preliminary pPb g
Sy, =502 TeV,L_ =35nb’

NN int

m K | mass differences seen:

0.2f - e ® . "
ONMA e TR lower vz for heavier particles

o p- T E WY g

Y _- at low pr, crossing at higher
185 < N <220 | PT
- (0.006-0.06%)
0.0 T R
0 2 4 1
p_ (GeV) Milano, Huang, Sharma
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mass dependent flow

Qo5 T T TTTTITTTITI T TT R ET T T T ETL N L AR AR LA RN LS A
i 0-5% d+Au 200 GeV _ i B 0:20% p+Pb 5.02 TeV i
- A pon . - @ pion
0_20:_ @ proton y 0.20‘_ ®m proton
m0'15_
0.10—
. 0.05—
: PHENIX: 1404.7461 _ ZE'éBSZifr;St‘; s
00 05 To s he T as a0 hs 00 08 o s 20 25 50 55
p, (GeV/c) p. (GeV/c)
MC Glauber IC
n/s = 1/4r what can we learn by the
N successes and failures of
To = 0.5 fm/c : :
hydro calculations In these
T =170MeV o
very small systems*
cascade

calculations: P. Romatschke Huang, Milano
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SHeA: variation of the
system geometry

o & A b oM B O ©
T T T 1T 1T 1T 1T 1T 1T 1T 1T T

-y
=
o

o~
ol
N
g
o—
o
=y

o

1% most central

|

0.5 15 2 25 3 35 4
p. [GeVic]

calculations: P. Romatschke (CD parallel), Nagle et al: 1312.4565
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linking geometry to correlations?

SHeA

L1l - ol b b b b b b b by AR RN RN RN NN N NN
9 "8 %6 4 2 0 2 4 6 8 10 05 s 0 2 1 e s o

looking forward to p+Au and 3He+Au
measurements at RHIC in the next year

in addition to new collision systems, detector
upgrades to both STAR & PHENIX will provide big
iImprovements on existing d+Au measurements
silicon, MTD, MPC-EX

25



	Ref_Ridge_dA_STAR_LiYl.pdf
	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29




