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STAR Detector System

e e e

Period Detectors

2001-2009 TPC + BEMC

2010-2011 TPC + BEMC + TOF

2012 TPC + BEMC + TOF

2013 TPC + BEMC + TOF + MTD

2014 TPC + BEMC + TOF + MTD + HFT

2015 TPC + BEMC + TOF + MTD + HFT
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Heavy Flavor Probes

* Heavy flavor quark, primarily produced in initial hard
scattering, is exposed to the medium evolution

Charm-medium interaction D° (cT) ..
light vs heavy quark: mass hierarchy of parton energy loss

Quarkonia J/y (cc), Y(bb) expected to be QGP thermometer

direct production - thermal dissociation + recombination
 Cu+Cu, Au+Au, U+U: system size, energy dependence
 p+p: pQCD test, heavy ion reference

* p+Au, d+Au: Cold Nuclear Matter effect
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Heavy vs Light Flavor Suppression

cc:E STAR Preliminary
bl 5 B U+U193GeV D" lyl<1, 3<p_<5 GeV/c
"("O_) ® Au+Au 200 GeV D’ lyl<i, 3<pT<8 GeV/c, PRL113, 142301 (2014)
UCY Au+Au 200 GeV *: lyl<0.5, pT>6 GeV/c, PLB655, 104 (2007)
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Suppression of open charm at high pt in U+U collisions follows the
density dependence trend of open charm and pions in Au+Au collisions.
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D° Nuclear Modification pr Dependence i

STAR, PRL 113, 142301 (2014)

Nuclear Modification Factor (RAA)
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STAR Au+Au — D° + X @ 200 GeV Central 0-10%
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Duke w/o shad.
[ ] LANL

Large suppression for pt > 4 GeV/c
Strong charm-medium interaction

Indication of enhancement at pt~0.7-2GeV/c

Described by recombination models

More precise measurement needed
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e 3 kinds of silicon detectors
(PXL, IST, SSD)

PXL.: First application of the Monolithic
Active Pixel Sensors (MAPS) technology
In a collider experiment

Decay vertex reconstruction with high
resolution

Excellent resolution even at low p
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»  60um for Kaon at p=0.75 GeV/c
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H. Qiu, Tue 13:30
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DO signal with HFT

~10% statistics of year 2014 Au+Au

//
(e /
700 STAR Preliminary l
Qo = Au+Au Vsyy = 200 GeV -
£ 600 RHIC Run 2014 — - Without | With HFT
[ _
= 500 — 2l
S Sk S E Year 2010+2011 2014
S o e
= 300 VHhout HFT Cuts . Nevents 1.1B 10%*1.2B
c C 108 -
5 200F = N
8 E“ With HFT Cuts 125M MinBias Events - significance  13.9 18
100 SWS+B = 18 —
T P B B R T T T N T TN TN T N T TN T T Y T S .:

|
1.7 1.75 1.8 1.85 1.9 1.95 2 2.05 2.1
Invariant mass, mg,, (GeV/c2)

Background greatly suppressed by topology cuts with HFT

Physics results with HFT will come soon.

H. Qiu, Tue 13:30

A. Quintero, Poster

HF and Quarkonium

for Optimize DO signal
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 Multi-gap Resistive Plate Chamber
(MRPC) technology
Precise timing ~ 95 ps
Accurate hit position ~ 1 cm

 Muon identification
- TPC track and MTD hit match

* Dimuon trigger increases low pr
o e e accuracy

- Pr,

L Wiy

- Jhyoutw + — Fit signal+bkg

p+p @ 500 GeV
7.7 pbltaken in 2013

Jly =ty

100_—+
: : .

. STAR preliminary
50_....I....I....I....I....I....I....I....I....I....+ R Ma, Tue 1520
25 26 27 28 29 3 31 32 33 34 35 -
M, (GeV/c) HF and Quarkonium
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J/w Yield vs Multiplicity in p+p 500 GeV i

Jw = u+ru- with MTD 7.7 pb-ltaken in 2013
Jlw = ete with BEMC 22 pb!taken in 2011

A10p
Z§ Z§ ~ STAR p+p @ 500 GeV &
I ’ r .
v 9F S Jp—=utw’, po w 0 GeV/c &
8 g Jip—e'e,4<p_ w, <8 GeVic
76 mJhp—ete, p w, > 8 GeVie
6
°E" STAR preliminary e
a—
3 - T
: w5 -
o= T :
P =
E ______ * +15% one-s1|'ded error along bothlx- and y- direction
% 05 1 15 2 25 3 35 4
TofMult
<TofMult>

* Clear correlation between quarkonia yields and multiplicity in pp
* Faster rise for higher pr R. Ma. Tue 15:20

HF and Quarkonium
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Iy Yield vs Multiplicity in p+p 500 GeV i

Jw = u+ru- with MTD 7.7 pb-ltaken in 2013

Jlw = ete with BEMC 22 pb-ltaken in 2011 CMS, JHEP 04 (2014)103
é— AQ_.IOE STAR p+p @ 500 Gev (?_’ (/I)’_\\ :I | L I LI I LI I LI I LI I L l L I L LI l:
Z'|2’ oF _ _ ~ 700 ppis=276TeV .
vV Tk Jy—utu, p. . >0GeV/c s o f :
- o S L e pPb |5y =5.02TeV :
8- eJiy—e'e,4<p , <8GeVlc E+j o e © PP Sy=90c1€ .
= Jy—e'e, . 8 GeV/ = [ % PbPb s =2.76TeV .
U I g |JCJ1N< 2.4 b
SE - ph > 4GeV/c
5 %0 A i
- STAR preliminary | . + :
a= 3 Q .+ 3
3:_ * e E _...#'"-‘ E
- & oF E
2= T | : *‘.-?’--"ﬁ' CMS :
: ‘_—’ 1_ = ’ —
S E | o = e Y, <1.93
- T i +15% one-sided error along both x- and y- direction A .
0l Lol b b b o b O.fﬁ'l]’ll|||111|1|11||111|111||11|1|1111|11|
0 0.5 1 1.5 2 2.5 3 3.5 4 0 05 1 15 2 25 3 35 4
TofMult mi<2.4, , Mi<2.4
<TofMult> acks /<Ntracks >total
* Clear correlation between quarkonia yields and multiplicity in pp
* Faster rise for higher pr R. Ma. Tue 15:20

HF and Quarkonium
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Y Suppression

e Y = e*e with BEMC
Y suppression consistent with sequential melting

2

- Y(1S+25+3S) |y|<1 Y(1S) |y<1|

1.8 o

N U+U {s, =193 GeV +

- @U+Uys =193 GeV O U+U centrality integrated ¢ L OU+U centrality integrated
1.6~ W Au+Au s, =200 GeV []Au+Au centrality integrated
1 4:_ B Au+Au {s,,=200 GeV []Au+Au centrality integrated [lp+p stat. uncertainty ~ [flcommon norm. syst.
1.2 Ip+p stat. uncertainty common norm. syst.

-

e -
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STAR preliminary
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N

part

Y(1S) and Y(1S+2S+3S):
» Peripheral: consistent with no suppression
» 0-10% central: significant suppression
» New U+U data extend Au+Au trends to higher Npart

part

R. Vertesi, Tue 16:20

HF and Quarkonium
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Y Suppression

e Y = e*e with BEMC
Y suppression consistent with sequential melting

2
) E Y(1S+2S+3S) |y|<1 E Y(1S) |y<1]| E Y(2S+3S) |y<1|
'8:_ @ U+U{5=193 GeV O U+U centrality integrated - @U+U Vs, =193 GeV  OU+U centrality integrated | @ U+U {5 =193 GeV O U+U centrality integrated
1.6~ —  mAu+Au {s,=200 GeV [JAu+Au centrality integrated[~ M Au+Au s, =200 GeV
1 45_ B Au+Au {s,,=200 GeV []Au+Au centrality integrated |- .p+p stat. uncertainty .common norm. syst. E_ Dp+p stat. uncertainty .common norm. syst.
1.2~ Ip+p stat. uncertainty common norm. syst. :— ’jﬁ —
] I |
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' ISTAR prellmmary _| STAR pr?liminaryl | | ISTAR prTeIimiIr).(l | | /E
%o 100 zo?\lpart o 100 '20?\"“'“' 300 400 0 100 '20?\;%'"' 30 40 0
Y(1S) and Y(1S+2S+39S): Y(25+39S):
» Peripheral: consistent with no suppression = No evidence in 0-60% Au+Au
» 0-10% central: significant suppression = Hint of presence in 0-60% U+U data

» New U+U data extend Au+Au trends to higher Npart

Stay tuned for dimuon Y with MTD R. Vertesi, Tue 16:20

HF and Quarkonium
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Jet Probes in Au+Au 200 GeV

Semi-inclusive jet

Jet y|e|d Suppl‘eSSIOn A. Schmah, Mon 15:30
Jets

Jet angle diffraction in medium

: Dijet imbalance
Where does jet energy go? K. Kauder, Tue 13:30

Jets

June 29th, 2015 Li Yi, Hard Probes 2015 11



Semi-Inclusive Recoil Jets

Semi-inclusive yield of recoll jets with a high pt hadron trigger

Recoil jet(s)
search area

Trig%‘ér LA IR
particle

 Trigger on high p; hadron — Select hard process with surface bias
 Measure the recoil jets =& No fragmentation bias on recoil side!

* Combinatorial jet-finding background? A. Schmah, Mon 15:30

Jets

June 29th, 2015 Li Yi , Hard Probes 2015 12



Mixed Event for Jet-finding Background sia

Central
_ | e Pick one random
~ 10k Au+Au @ 200 GeV, 0%-10% | ~ t1o°° Mixed event track per regl event
§ - 0.0 <p™ <30.0 GeVic — add to mixed event
S 102 Ay >0.20,R=0.3 * Same event
: E ¥ same event (SE)
S . 3 :mixed event (ME)
;'g 10 = 4norm. region
g 107 Feiming? .« Combinatorial jet background
<, = W -y . .
_8 10°F + — statistically described by mixed event
= - —¥—
_E10°F —T— - Excellent description of
= o7k i low p; spectrum with mixed event
4 Lu1.4g: . L . .
103r§;§;“ ..... e . - Significant jet signal at p-pA > 10 GeV/c
w107k "o
g 5 oot -8 6 - 2 ¥
L 10 E p:;‘:‘h (GeVic) ¥
w - ¥¥
1(135" ¥
A
0 20
reco,ch
pT,jet (GeV/c)

A. Schmah, Mon 15:30

Jets
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Comparison Central-Peripheral: I~p

/

‘,,,r: After fluctuation unfolding procedure: e |cp close to 1 at low p;
T 10TE T T LA, (82200 GeV - * Significant suppression (~0.2)
(\3 tri E
> o2l 9.0 <p.” <30.0 GeVlc N at pr > 10 GeV/c
R A >0.20,R=03 ° |
g 10_3 anti-k; - * Larger suppression compared to LHC
< =2 -4 | — e : .
=0 A I E - similar Ap; shift with steep spectra
B . - different surface bias?
= — stat. error “-\E - caveat: different measurement technigques
“210°%E - syst. uncertainty o
-~ z < _ VSFTAUIGE T T g Xv: 1506.03984
s . B SR s A
0’} = 55 o Treos0 - THe9) ALICE -
............... P A E—
: —n U-Fz—_'é'_ —— =
ey -
E bt i, S Corelated uncertainty | 3

h
p%jet(GeV/c)

A. Schmah, Mon 15:30

Jets
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Large Angle Jet Scattering?

9 < trigger pt < 30 GeV/c

Peripheral Central
B U U | S
- - 5.0<p_-pA<8.0 GeV/c _ - 5.0<p_-pA<8.0 GeV/c ]
e 3 c=0.30i0.0 STAR preliminary 3 15[ . _050+0.05 STAR preliminary

g 20¢ \ =} ! o )

%.'Q : %.'Q 10: «::»” _:

£ 10} = cf E

'ﬁ OE-'."'T".' """"" Puliuel slalili-Slulr Sulal Pl S _E

2 3 4
9.0 (rad)

e Jet angle changes significantly in central for 5 < pr- pA<8 GeV/c

- Flow?

- ® dependent normalization needed?

- Background from multiple interactions”?  ALICE, arXiv:1506.03984
- More studies needed!

A. Schmah, Mon 15:30

Jets
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R=0.4

K. Kauder, Tue 13:30
Jets

< 0.22 : .5 0.22 - O pp HT ® AuAu MB Matched, p_"'>0.2 GeVic
Z o2k O pp HT ® AuAu MB p_">2 GeV S 02F B AuAu HT Matched, p’*'>0.2 GeVic
£ = + L 0158 | I ¢ pp HT ® AuAu MB Matched, pS*>1.0 GeVic
- 0.18[— Y Cut
qc_) E e AuAu HT p:“$2 GeV é o1 —o—_o_ + AuAu HT Matched, p_">1.0 GeV/c
> 0.161— O w Y. - o o
LI - Cl | = STAR preliminary
- o o —o— 0.14 ==
14 g f i Au+Au 0-20% - T :?L
0129~ Anti-K_ R=0.4 0.12— _I
- — — i -
- 1 L i 2 al
0.1 + STAR preliminary 0.1 ——
0.08| - —o— 0.08/— ﬁ'—
0.06— . 0.06— #
- p™(p™''>2 GeV)>20 GeV —o— - ==
0.04— Py (P, N > 0.04— —#_'_
- p?"”“”“(p: >2 GeV)>10 GeV . = :3:
0.02E= —o— 0.02 —
0(.;l — 1011' ! I0I21 — '0131 — lol4l —t -0151 ;W 0: v vy by v by vy Ly v Ly m_lﬁ_
) ) ) ’ ) ) .IA | 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

ot>2 GeV/c

 |If AuAu dijet = pp dijet with AuAu background: Aj imbalanced

p-value < 104

ot>1 GeV/c

A

p-value = 0.05-0.2

o1>0.2 GeV/c p-value = 0.8
 |If AuAu dijet == pp dijet with AuAu background: Aj balanced

e Frompr=2 = 1 = 0.2 GeV/c, dijet gradually regains balance.
e [ost energy remerges to low pr particles.

June 29th, 2015
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07>0.2 GeV/c K. Kauder, Tue 13:30

Jets

O pp HT @ AuAu MB Matched, R=0.4, p‘:">0.2 GaVic
B AuAu HT Matched, R=0.4, p:’"w.z GeVic
(] pp HT @ AuAu MB Matched, R=0.2, pf"'w.z GeVic
B AuAu HT Matched, R=0.2, p‘:":»o.z GaVic

r

© o o
- o © ©
o o NN

Event Fraction

— —{
: Au+Au, 0-20% C
0-14%_ f%f+ Anti-k;, R=0.4 R=0.2 Dijet imbalanced
0.12F
= fif STAR preliminary l
0‘15_ =$=—+— p-value =2 x 104 N
0.08f- =S o-value = 0.8 R=0.4 Dijet balanced
0.06— _+_
0.04F- Pr (p° '>2 GeVic)>20 Gevlc
0:02; N (pc '>2 GeV/c)>10 Gev/c & e
0: | m
001 02 T 0s 04 07 08 09
A

N

Sub-leading jet gets broadened.
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Beam Energy Scan Program

Observables:

1st order phase transition
(1) Azimuthally sensitive HBT
(2) Directed flow v,

Partonic vs. hadronic dof
(3) Raa: Nucl. Mod. Fact.

(4) Charge separation
(5) v, - NCQ scaling

Critical point, correl. length

(6)

Fluctuations

t

Di-lepton production

Chiral symmetry restoration f

BES-I: syy=7.7,11.5,14.5,19.6, 27, 39, 62.4GeV

1AM, [ (GeV/icH) ]

evt acc
mb dNee

1/N

102 ;

BES: STAR Preliminary ¢ -»DIN—e'e — Cocktail wop
200 GeV: PRL 113 022301 on-— e:e'y ® 19.6 GeV x0.002| |
N —oeey @ 27 GeV x0.03
W e e(m 0 39GeV x2
p—e’e(n) @ 62.4GeV x25
—e'ey © 200 GeV x 200

0
Dielectron invariant mass M., (GeV/c?)

0.5 1 1.5 2 2.5 3

 BES-Il and lower energy d+Au and p+p collisions needed

B. Huang Wed 09:00

EW and Associated Topics

June 29th, 2015
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Summary and Outlook

e MTD and HFT detectors running successfully
J/y yield
DO signal
Y and DY in higher energy density U+U collisions
confirm suppression trend seen in Au+Au
e Jet probes at RHIC

Larger jet suppression measured at RHIC energy
than LHC

Large jet angle diffraction

Jet substructure broadening and softening
e BES-IIin 2019-2020

June 29th, 2015 Li Yi, Hard Probes 2015 20



Enjoy the exciting STAR Results!

A. Schmah
K. Kauder
H. Qiu

R. Ma

R. Vertesi
B. Huang

A. Quintero

Semi-inclusive Jets
Dijet imbalance

DO in Au+Au

J/y In p+p

Y in U+U

Dilepton in BES

DO Finding in Au+Au

Mon 15:30

Tue 13:30

Tue 13:30

Tue 15:20

Tue 16:20

Wed 09:00

Poster session

June 29th, 2015

Li Yi, Hard Probes 2015
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STAR Physics Programs

I R

2001-2009 TPC + BEMC AuAu, dAu, CuCu, pp
2010-2011 (BES-I) TPC + BEMC + TOF AuAu, pp

2012 TPC + BEMC + TOF UU, CuAu, pp

2013 TPC + BEMC + TOF + MTD pp

2014 (BES-I) TPC + BEMC + TOF + MTD + HFT AuAu, He3Au

2015 TPC + BEMC + TOF + MTD + HFT pp, pAu, pAl

Heavy tlavor, jet quenching, beam energy scan..

June 29th, 2015 Li Yi , Hard Probes 2015 24



Beam Energy Scan Program

BES-I: syy=7.7,11.5, 14,5, 19.6, 27, 39, 62.4GeV Observables:

. t "
l Early Universe The Phases of QCD 1st order phase transition

lLHC Sl (1) Azimuthally sensitive HBT

(2) Directed flow v,

()
=
=)
-
©
g
o
o
5
[—

Partonic vs. hadronic dof
(3) Raa: Nucl. Mod. Fact.

170 May-L Srossover (4) Charge separation
(5) v, - NCQ scaling

Critical Point 2 Critical point, correl. length

Hadron Gas Supercoﬁductor (6) FlUCtuatiOnS

Nuclear /

/ Vacuum Matter Neutron Stars
e ———a s
0 MeV—

I. | 1

0 MeV 900 MeV
Baryon Chemical Potential

Chiral symmetry restoration ,-
()

Di-lepton production _,

 BES-Il and lower energy d+Au and p+p collisions needed
B. Huang Wed 09:00

EW and Associated Topics

June 29th, 2015 Li Yi , Hard Probes 2015



Dielectron in Beam Energy Scan-|

__STAR. BES white paper. QM2012._QM2014

10" | +medium | '
19.6 GeV | — ocktail 6 39 GeVv 62.4 GeV 200 GeV
@ data
100 . ‘ - - F 4
STAR Preliminary STAR Preliminary STAR Preliminary STAR, PRL. 113 (2014) 22301

1N ANZSC /M, [ (GeV/cd) " ]

0O 02 04 06 08 1 0 02 04 06 08 1 0O 02 04 06 08 1 0 02 04 06 08 1
g : : 2
invariant dielectron mass, Me, (GeV/c") tModel: Rapp & Wambach, priv. communication,

Adv. Nucl.Phys. 25, 1 (2000) Phys. Rept. 363, 85 (2002)

52.8 57.6 60.8 77.2 dN/dy|, 105

ol _eremwane ] o 200 GeV to 19.6 GeV excess at Mee<1.1 GeV/c?

U — described by p meson in-media broadening

F T\

s Ly l | } | * More excess expected from model due to total

g 15 | { baryon density increase at lower energy (< 20 GeV)

a1 ]

Sl meedsewn | e BES-|l needed for more statistics below 20 GeV
TP e P B. Huang Wed 09:00

EW and Associated Topics
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Heavy vs Light Flavor Suppression pt Dependence

21 ' | ' [ ' [ '
N 10°C U4u 193 Gev D°, Iyl <1 -
Q) -_;@d?@;:& B
S Ad * 0-80%
D T ® 0-10% [x20] ]
O PRI i S B 10-40% [x5]
: 10T %@’* ¢ 40-80% [/2] .
> -2p-8, o B W _
& et g -
= ¢ My
(@ = - —
S [ = e = :
Q 107 7
IS o % i
> — =2 _
Z arXiv:1404.6185 ©
Nl ~ O p+p D’+D* [x2] o < 7
c\|Z 107 Y OO QAu+Au 200 GeV (a)-
© - p+p Levy scaled by (N, ) for Au+Au 200GeV -
T p+p Leyy scaled by (N ) for U+U 193GeV —
0) 2 4 6

8

3 % 40-80% (b) 3
) % ----- g
—g 5 :
| 10-40% (c) 3
—?‘E% -------------------- -
o Co
= o | | :
i %J 0-10% (d) '
_u—é@;{ --------------------- -l
o) STAR PRL108, 072302 (2012)]
3p L o e
L

0 2 4 5 3

Transverse Momentum P, (GeV/c)

June 29th, 2015
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SSSSS

 Multi-gap Resistive Plate
Chamber (MRPC) technology
- Precise timing ~ 95 ps
- Accurate hit position ~ 1 cm

 Muon identification
- TPC track and MTD hit match

June 29th, 2015 Li Yi, Hard Probes 2015 28



T 30 ST SsD Beampipe

- }&/\{5 * Heavy Flavor Tracker

| 3 silicon detectors (PXL, IST,

[ N\ SSD)

| ) - Direct reconstruction of heavy
Lo N flavor hadron decay vertex

with high resolution
o =06.2um (PXL)

) H. Qiu, Tue 13:30
I 0 LY (1) Bl (Gl | Il HF and Quarkonium

rest frame life time ~120 pum

e R /o (udo Pk

rest frame life time ~60 ym
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DO signal with HFT

o C
D0 = K- 71+ ~10% statistics of year 2014 Au+Au
:' L L L L L L L L L L L L L -
700 STAR Preliminary o
& - Au+Au Vs, = 200 GeV 3
§ 6004 RHIC Run 2014 —
() — ]
= 500F —
o — -
T 400f T .
(()) — C
Q [ 10 +
o 800F ¢ Without HFT Cuts + -
S 200F =
S EYV With HFT Cuts 125M MinBias Events 3
C 100F 10°F e, . SHWS+B =18 =
‘ Primary Vertex 0:' L 11'71 L 11'81 1 .1.'9. | .2. L 12'] T T . 1:
17 175 18 18 19 195 2 205 2.1

Invariant mass, mg,, (GeV/c?)

* Background greatly suppressed by topology cuts with HFT

* Physics results with HFT will come soon.

H. Qiu, Tue 13:30

A. Quintero, Poster

HF and Quarkonium

for Optimize DO signal
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Do we understand J/y in pp?

» NRQCD long-distance matrix ~ * Color Glass Condensate

at Next-to-Leading Order from ettective t.heory to calculate
world-data fitting. cross section at low pr
Phys. Rev. D84 (2011) 051501 Phys.Rev.Lett. 113 (2014) 192301
2_' LB L LA L L L L L UL B '_- """"""""" ;' L L '?
3 " PHENIX data : 105E VS =02 TeV for RHIC NLO l;\lbllzRq%CDD ]
_% oL CS, LO h : \/?:7 TeV for LHC 100xL(});Cv‘.Ib.2<y<4.5
= Tk, e CS,NLO 1 10t ™ S o ﬁ%{%y]ﬁ%"u ;
R L S — CS+CO, LO s 10k | 2xLHCb2<y<4. :
i ool Lowpp g e N § e,
2 , : ] 2 ™4 [ 0.1xSTAR,|y|<l ]
2 10-1 A : € 10 ., @ 0.0IxPHENIX,12<y|<22 3
X = e 5 10 J%ﬂp ]
< of ] -§" BE ?;
\g. 10 S ; c;a: 1. ’_E—i—f—* a:
T4 Tl : — :
810 F ] : 10" 3
g f 6-200Gev e 5 102 ]
© 10 [ Iyl<0.35 ... ] ;
© 5111111111111111111111111111‘1.‘1'{.11115 ...... L TR - I T P TP
15 20 25 30

3 4 5) 6 7 8 9 10
pr [GeV] p1(GeV)

* Good data-theory agreement over 0 < p <30 GeV/

— Caveat: direct J/y 1n model, but inclusive J/y for data. ~40% feed-down
contribution from excited cc states and B hadrons. PRD64 (2001) 094015
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A closer look: Event Multiplicity Dependence J

A_LECE T_DI_YD @ 7TeV  arXiv:1505.00664 *®
I I | I LI I LI I UL I I ll I | I 1 L
/\F E_ - Percolatlon, p >0 _," _:

% - .EPOS 3.099 ' J e
S [ —EPOS3.099+Hydro | , E
§ X PYTHIA 8.157 ;! E
S g :

B D meson , EN
V ! .
= I ! -
— . )
Q. L ’ -

®, ;

>~ L & ]
Q ,t' F':L: 3
3 a0 -
c:\lz - ~“éﬂa 5
° F 2<p_<4GeV/c -

(dN_,/dn)/<dN_ /dn>

Stronger-than-linear rise of open
charm production vs event activity.

Similar behavior seen for inclusive
J/yr at both mid- and forward-
rapidity.

Several 1deas on the market:

— PYTHIA 8: ¢ and b quarks produced
in Multi-Parton-Interaction ->
underestimate yield at large
multiplicity

— Percolation model: string screening ->
quadratic rise at high multiplicity

— Hard process is associated with larger
gluon radiation

Collective effects in high-multiplicity pp collisions?

* Do we see similar or different behavior at RHIC?
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STAR, QM2014

I I I T I g
1 | T | | | T T T =
L s i
= [ ] 10 STAR, QM2014  §
= i Run10&Run11 Au+Au 200GeV @ STAR . < .
2 M0 E % 10° STAR Prelimi 5
s i o) 1) 2 reliminary 3
o - — - theory scale pu=0.5p_ = ~ = 1073 -=
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i — — theory scale p=1.0p_ -7 " %‘ O =
§  —- theory scale p=2.0p_l_ > ”O ,’,~ - N QE-'IQ"‘ -
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GeV/c
| | | | | | pT( )
STAR AuAu@200GeV . .
°-1§ PHENIX pp@200GeV In high p; region (5~10 GeV/c):
> PHENIX pp@200GeV T5™*" scaling — consistent with T,, scaled function fit to PHENIX p+p data.
E?: In low p; region:
> : :
= S — an excess is observed in p; range 2~4 GeV/c.
=3 . STAR Preliminary
:E- ”Q\
& TT*' S Rapp’s model prediction:
= 1 TT ,,,,,, SRR S => Including QGP, p, meson gas, and primordial production contributions.
£ g s Q. g p g p p
=107k 7T SN k 4 => Well describing the low p excess in our data within uncertainty.
""" S
| | l 1 |  be
4 5 6 7 8 9 10
p.(GeV/c)
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Nuclear Modification Factor in BES-| s

~ STAR Preliminary « 7.7GeV
statistical errors only = 11.5GeV
14.5GeV
v 19.6GeV
27GeV

. 39GeV

o  62.4GeV

IIIIIII|

Z
B |:[|||||||1

e Jet quenching disappear?
 Cold nuclear effect?
 BES-II and lower energy d+Au and p+p collisions

June 29th, 2015 Li Yi , Hard Probes 2015 34



Energy dependence of dilepton excess i

arXiv:1501.05341
X1 0_6 | | | |
. s = L q200
. Dielectron excess O 18F 4 Au+Au200 GeV 0-80% 1.8
10 —eo— Au+Au 19.6 GeV 0-80% 'S 16 —- Au+Au 200 GeV —18 &=
—+— Au+Au 200 GeV 0-80% < F @ Au+AU 19.6 GeV E
10° ——— In+In17.3 GeV dN,/dn>30¢ = 14 —oImin1730eV 116 2
_ > - - i PP =
- HG+QGP T 12f 1143
Z n i 40 =
o 10 = 12
8F Els
. N - = Th. lifetime 17.3 GeV _7
10° \v& 6F T Th fetime 19.6 Gev 38
10 - - --. Th. lifetime 200 GeV = 6
10 E 0.4<M,<0.75 GeV/c? 3
] 2 E A P B L
107" 1 5 0 600 800
> 19.6 GeV consistent with SPS results.
> Excess shape at low mass well described by rho in-medium broadening.
> Excess yields (after detector acceptance correction) are sensitive to early
system lifetime: integrated over duration at the high temperature.
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r-jet

C AwaySide  AuAu 200 GeV |

1.4; ® Eo'hi+ 5

1.2F " Yy =

1: + 12 <p,° < 20 GeVic ® 1.2 < p***° < 20 GeV/c]

< : STAR Preliminary ]
= 0.8; - —E
0.6 —
04F | fo [F o —— + -
0.2F " ——
Qb :

A P IR B IR B I
014 02 03 04 05 06 0.7 0.8

(z.)

= 1P and 1,,Y9h  show similar and strong suppression

« At low z;, data suggests lost energy may start to be recovered
(with large uncertainty )
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KFParticle: reconstruction
of decay particles using
Kalman Filter algorithm
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Yield=3653+472 (7.730)
s//(s+b)=13.51
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Semi-inclusive yield of jets recoiling
from a high p hadron trigger

Recoil jet(s)
search area ;_. 1 deet 1 do_pp—m—l—]et—l—X
' h — h+X
Ntrig de,jet oPP— It de,jet

Measured Calculable in fixed-order pQCD

Triggerx'"‘
particle

 Trigger on high p; hadron — Select hard process with surface bias
 Measure the recoil jets =& No fragmentation bias on recoil side!

* How to deal with combinatorial jet-finding background?

A. Schmah, Mon 15:30

Jets
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Mixed Event Generation for Jets

Mixed event

Mix only similar
centrality, ¥,
z-vertex position

Pick one random
track per real event
— add to mixed event

Ev. 765



Jet Substructure

R=0.4

4

R=0.2

4 Study Broadening

/ p;Cut> 0.2 GeV/c

\ R=0.4 R=0.4
pCit> 0.2 GeV/c ‘ ‘

A —

pCut>1 GeV/c pCut> 2 GeV/c

Study Softening
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