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RHIC Discovery of the Strongly-Coupled QGP (sQGP)

2003 PRL Cover Page

FPHENIX

PHYSICAL
REVIEW
[LETTERS

Articles published week ending
15 AuGusT 2003

Volume 91, Numbet 7

FHOBOS

i
“

‘=5 “~‘I'A ® 400
L] 1 #ﬂﬂii—ﬂ"._ _:fn—%:"f -
=1 f’“+$ | 205 H
TW £ RS s %) Ul
- i*f Iy g} 2040 e )-20% -
4 ¥ e rmieen 1 —— :'7- retant 4t
4 * sunigens 4 = V‘A -
i 5 - 2 ’i,'ﬁ'\' ) 0 3
BRAHMS STAR
T v ¢ Moecasn B
¥ + do A Contrat i
i“ 4~ p+p Misean Bl 1
'\' [y A i
2 —
o | kS /\‘*‘
-~ Mfl W"l 2 .
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, - - - =
1 (Segmes)

~

frrreeer ‘m

I'mhﬂsmc'ny oo Copy

Litcary or Ocher Institutional Use Profdbised Unell 2008

% Published by The American Physical Sockety

2005 RHIC White Papers

STAR:

Experimental and Theoretical Challenges in the Search for
the Quark Gluon Plasma: The STAR Collaboration's Critical
Assessment of the Evidence from RHIC Collisions

Nucl. Phys. A 757 (2005) 102

e Measure charmonium yields and open charm yields and flow, to
search for signatures of color screening and partonic collectivity.
 Use pd(,lc \(,ld I‘thb for Lhdrmcdhadronb to determine whether the ap— 3

[ parent thermal Qulhbru thycdl\ “collision matter at RHIC extends }
§ cven to quarks with mass significantly greater than the anticipated system §

¢ temperature. From the measured py spectra, constrain the relative contri- |
¢t butions of coalescence vs. fragmentation contributions to charmed-quark !
hadron production. Compare D-meson flow to the trends established in the §
b u,d and s sectors, and try to extract the implications for flow contributions

' from coalescence vs. p0\51b1\ earlier partonic interaction stages of the col- %

T O R P T T T S P e R T N R T T T e T T D™
charm, yields expected to arise from the strong color screening in a QGP
state (see Fig. 2).
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sQGP Emergent Properties

~2 ~6
pt (GeV/c)
approximate range of k »ee MARTINI = — McGil-AMY]
maximal initial temperatures 6 = HI-BW ¢ - GLV'CUJET‘;
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Hot QCD white paper - arXiv: 1502.02730 JET Coll., PRC 90 (2015) 014909

strongly coupled l a I weakly coupled

hydrodynamics pQCD

»\ What is the microscopic picture of “perfect fluid”?
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Heavy Flavor Quark Transport in sQGP

p 1 Femtoscopic “Brownian” maotion dp S
X L | = 7l
N A, o = (PP + ¢

“/ '\ Langevin stochastic simulation
c
~
//';\ Mqg>>T, Mqg>> gT D. = <ZC2(t)> — <$2(O)> L t
g = —
— 2dt Mnp(p =
/ 4 IapprO);imate ralnge of' Iby LHC \ / 7 :..'..'. ‘MARTINI =~ — McGﬂl-AMY \
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\g 2 mh4 _ FlaT é
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0ot 02 EN iy ] < atﬁﬁ% ALHC, |
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D .(2xnT) ~ nls T (GeV)
. 2
ratio depends on the strong/weak G = Apt _ 4Dy by 2rTDs = — 8 T3
p g(p — 0)

coupling nature of QGP A
\ R. Rapp and H. van Hees, 0903.1096/ \ collisional vs. radiative energy Iossj

Heavy quark transport — to probe QGP with comprehensive p; coverage
/\l ‘A - unique insights to both perturbative and non-perturbative regimes
reocoeocococ| |
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STAR Heavy Flavor Tracker Proposal

A Heavy Flavor Tracker
for STAR

P

CM Frame
Detall

Primary Vertex
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STAR Heavy Flavor Tracker (HFT)

TPC
_ 30 l ¢ =~1mm
ssD Y
i 20 , x/////h/_;)"\\
g L/ l G = ~300 um
/ IST
L 10 v . ©6=~250 um
npa / \
| I PX?L\ o = <30 um
Radius Pitch Size :
Detector (cm) R/¢ - Z (um - um) Thickness
Silicon Strip Detector 22 95 /40000 1% X,
Intermediate Silicon Tracker] 14 600 / 6000 1.3%X,
8 20.7 [ 20.7 0.5%X,
PiXeL
2.8 20.7 / 20.7 0.4%X, *
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Pixel Detector for HFT

* First application of Monolithic Active Pixel
Sensor (MAPS) at a collider experiment

+ fine pitch size (20.7 x 20.7 um?)
+ thin detector design (0.4% Xo)

+ carbon fiber support, air cooling (170 mW/cm2)
+ radiation hard / fast replacement (~8h)

50-100 pm

p++ substrate

+ *+ moderate integration time (186..5)
; particle track

carbon fiber outer layer outer layer cantilevered
support tube sensors FEEs mechanic support

~
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2008

*
proposal

2009

Managing the HFT Project

2010 2011

*
CD-1

*
CD-0

2012

*
CD-2/3

2013 2014

*
CD-4

* HFT project completed under budget and ahead of schedule

e All Key-Performance-Parameters requirements for CD-4 met

Documentation

S
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Monthly Reports

OPA mini review September 24 2013

HFT Review July 12, 2013

CDO

HFT 2014 Commisioning and Physics Run
HFT BNL review Feb 15 2013

HFT Management, including f2f meeting schedules
HFT Related Publications

HFT Sub-system IST

HFT Sub-system Integration

HFT Sub-system PXL

HFT Sub-system SSD

HFT annual OPA Review 2012

HFT software meetings (overview)

OPA CD-4 Close-out review July 31, 2014
OPA mini-review October 2012

post CD-4 documents

HFT Internal reviews

CD2-3 review

CD1 documents final

CDO - dummy

Special Session for FV’s Retirement

2014 Monthly reports

September 2014 report

August 2014 report

July 2014 report

June 2014 report

May 2014 report

April 2014 report

March 2014 report additional information on PXL status pdf
February 2014 report

January 2014 report

2013 Monthly Reports

December 2013 report
November 2013 report
October 2013 report
September 2013 report
August 2013 report
July 2013 report

June 2013 report

May 2013 report

April 2013 report
March 2013 report

X. Dong/LBNL
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BEAM COMMISSIONING PLAN

February 2014
Version 1.9 May 2014

Performing Organization Brookhaven Science Associates
Location: Brookhaven National Laboratory
Upton, New York 11973-5000

Contract Period of Performance FY2010-FY2015

S
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Transition To Operations Plan

October 27, 2014
Updated April 30, 2015

Performing Organization Brookhaven Science Associates

Location: Brookhaven National Laboratory
Upton, New York 11973-5000

Contract Period of Performance FY2010-FY2015
-
BROOKHAVEN

NATIONAL LABORATORY

X. Dong/LBNL

10



Hit densities; online vs. estimate

[PXL] Number of Hits per Ladder HitsPerLadde!
<10 _ _ {Entries 35996

.................................

HEHEE T L
SESEEREEEERERERERRRREE] ERRRRERES [T .
| ead efforts of commissioning
il R L L Hit density for
Liiiiiiiii i i central AuAu Coordinate all subsystems,
bt il fwith rPxL=2.9
1 | =AY BEE EERE EEE BEERE RN Bl . .
i g Yl N | andoffsets of online/offline QAs
1m o:.E. .E.—:. .;.E. .E.:.. .-:.E. .;..o:. .:..; .E.;. o:.E. .E.-:. (0‘32'_0.15)
ol 51 FE3 BEY BER BSR RS BER BEA B .
o I | 100< 10 hits Close watch of operations and
i lem**2 : : :
40+ | real-time calibration
20
7 § 9
Flemming, HFT meeting 2014 Ladder ID
HFT Online Monitoring
This page will be updated every 10 minutes, the last update was on Mon Jul 4 14:27:15 2016
Runs : 5490
Host : onl11 User : GuannanXie
PXL status(physics+cosmic) inner:All runs Latest 50 runs outer:All runs Latest 50 runs
hot columns/rows
| | GlbSetup | PXLQAPIlots |[IST QA Plots|| SSD QA Plots |Events (VPDMB-5-p-sst)|
Al I I I I | 2576328514 |
day 180 | | | | | 0 |
lrun 17180021 CosmicLocalClock ||w/o Mask w/ Maskl| pdf AdcQa |offlineQa QAClusters QAStrips|| 0 |
lrun 17180020 CosmicLocalClock ||lw/o Mask w/ Maskl| pdf AdcQa ||offlineQa QAClusters QAStrips|| 0 |
lrun 17180019|| CosmicLocalClock ||lw/o Mask w/ Maskl| pdf AdcQa ||offlineQa QAClusters QAStrips|| 0 |
~ lrun 17180018 CosmicLocalClock ||w/o Mask w/ Mask|| pdf AdcQa || | 0 |
A lrun 17180017 CosmicLocalClock ||[w/o Mask w/ Mask|| pdf AdcQa ||offlineQa QAClusters QAStrips|| 0 |
rreeeee ‘m ' "’ ) "’ ! "’ '
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Alignment Calibration

Survey measurement with CMM - individual pixel position within a sector < 10um

+30 |, — _am | |surface profile
| |2x2cm sensor

w— i) Vo=

—-ia'ad Yo\ VAN ——

preaad ) 4R ———

ame

Sector-to-sector internal alignment - Zero-field cosmic ray data, residuals < 10um

———— —— 2000——r————7——v—v—T—

| —before align. inner pxl. 1 | — before align. inner pxl. ]

1500+ B8 after align. - - [ after align. j

[ p=3.1um 1 1500+ p =-1.1um .

- 0 =258um L [ 0=25.6um )

%) I 1 . L |

+= 1000+ 4 < i |
| =1 c

ok ] gieeop g

o o ; |

500 500 o =

[ O] DA P e A k]

i 7 S 1 0 0.2
A yolobal (cm)

~
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Au+Au 200 GeV event display with STAR-HFT

%
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HFT Performance

STAR, PRC 99 (2019) 034908

P Au+Au Sy = 200 GeV, 0-80% ag¢ DKt
150 » T. .. T 45 | | AutAu 0-80%
e O . = N+D 0¥k 1<p_<8GeVic
e O " p p 1" ° ! ‘
e O % ot % 35 .. unlike-sign
= .. Oo l. - ’E\ g 30 ’t ..
PR o1t 5N v xfE % x15 improvement in
e O T - F . . pr
ot © 8 20f Do significance
: 2 : 3
5 BF E
: 3 10f =900M events E
| E (b) DCA, s T2 “m«..3
0' ll“:“l - - - . . . . . . Otl....l..‘.lll..lx..ll.lA‘l....l‘,.‘l..A.
0.2 05 1 2 3 0.2 0.5 1 2 3 1.7 1.75 1.8 1.85 19 1.95 2 2.05 2.1
Momentum p (GeV/c) Invariant mass M, GeV/c?
At > pKr™
+ + +pr— ot c
DS - ¢n™ - K"K = (b) 10-80%
< ﬁ\u;ﬁg Vi”g 5(32\9/0cGeV (a) R 150 #(A,) = 215 + 21 30<p_<6.0GeVic
> - 0-80% ' D} ©
@ 1000 280% S
= )
© = 100
- o
Q -
& >
@ 500 2
c 2 50
o
3 O
(@) O
0 | | | | |
1.85 1.9 1.95 2 2.05 0 k=L 4 ! : 1 : ! : I
Invariant Mass M, ..., (GeV/c? 2.1 2.2 2.3 24 2.5
= A i { ) M., (GeV/c?)
rr/r:’>r| ‘m
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Geometry Description

Detector Material Decomposition

Si 50um (0.0529%)

acrylic 50um (0.0148%)} 0.0677% < Sensor

Encapsulant + bond wires (0.070%)

gze:r?at;r(sofo:‘;lg;:)(oVO035%) 0.128% < cable SenSOr mOdIflcatlonS

Al 30um - both sides (0.0248%)

el L (prototype, production, Cu/Al-cable)

acrylic 50um (0.0148%)

0.0441% < stiffener Active/inactive material in simu./tracking
(infout HFT acceptance)

Carbon composite 125um (0.0293%)

Si adhesive 100 um (0.0469%)

from
older
estimate

0.1486% <— sector tube

Carbon composite 250um (0.1017%)

Total = 0.388%

NOTE: Does not include sector tube side walls

Geometry file in STAR software

<Document file="StarVMC/Geometry/Pix1Geo/Pix1Geo6a.xml">
<Module name="Pix1Geo6b" comment="Pixel Detector Geometry ">

<Author name="JBouchet,FVidebaek" />
<Created date="11/07 2013" />

W 0 N O B & W N =

<!-~ global idea of implementation : all the elements of a single sector are defined according a translation SolidWorks to TGeo (F. Videbaek)

once the sector is assembled, it is placed in a TUBS with opening ——
10 angles slightly larger (by 2 deg.) than the real geometry then we duplicate x1@ this volume

< 11 This is derived forom pixlgeo5.xml, but with the modified tube geometry for y2013

12 -—>
’\
Frrrreer ]
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Simulation and Embedding

Full Hijing + Pileup Simu.

- = I | ! .
s | AutAu s, =200 GeV,0-10% |
3 'F1.0<p_<1.2GeVic 3
> - T .
©
V)
% 10" ' °®Data ~
g =GEANT Simu. :
< © GEANT Truth .

107

107

-01  -0.05 0 0.05 0.1
DCA, ., (cm)

STAR, PRC 99 (2019) 034908

Embedding into Real Data

107
Au+Au 200 GeV, 0-80%,1<p <5GeV
10 * Embedding
#Data
e
1 . *
4 '1DLA- .
Wt e’
1074 ":‘l;k
-
1 .
10 2 L "
" [N SR PN T N R — ed
0.97 0.98 0.99
cos6
&
ot‘u ‘”3*'
- -
+ R
"
|- L 2
10, LT 54
L e
s -
t ]
1= | T TR S SR S —
0 0.002 5..0.004
D"DcaToPV [cm]

DO topo variables

. b " pa®
| s "!. T‘ ‘¢"‘*t:.'
o .ltzzz'
1= “"
F + 10+ :“0+
L ' o -.+
| g + I $
- i iy
, | th
10
£ e
C [ PR L L [ P— L P - - L
0 0.02 0.04 0.06 0.08 0.1 0 0.002 0.004 0.006
decaylLength [cm] pairDca [cm]
10

Eom
, H
107': » \M* .

j T L o
A ﬁﬂ# 1

.:Il‘lltllll
0 0.02  0.04

006 008 0.1
kaonDca [cm]

Y
107"k
b !
| Rk
107 ‘ } i
.
ol I
| SURTRTRFIN ISR S ST T - ——— N Y
0 002 004 006 0.08

0.1
pionDca [cm]

J. Webb et al., CHEP 2019

Very good description of HFT performance (DCA, matching ratio, DO topo variables)
with both full simulation or embedding production!

~
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Anisotropy Parameter, v_/n
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DO Meson v2 In A+A Collisions

(&)

O
o
O

o

STAR, PRL 118 (2017) 212301

! | I | |

(m_ - mg) /n_(GeVic %)

= PY DO -
- _ STAR Au+Au @ 200 GeV -
- = _
L o A 10-40% |
- 9 Ks i ]
i Wi% ; ? T 2 —_ E |
B s E$ -
;5? : :
: I | | I | :
0 0.5 1 1.5 2 2.5

2

Anisotropy Parameter, v

O
)\
| 1 | | | | | 1 | | 1 1 | |

o
—

o

® STARD®
- TAMU c-quark diff.
TAMU no c-quark diff.

STAR Au+Au |s,, = 200 GeV
0-80%

..............

— = 3D viscous hydro

P —
: | [ ! 1 ' I I I | I | I I
0 1 2 3 ) 5 6 7
J (GeV/c)

* vo(D) follows the (mt-mq)/ng scaling as light hadrons
Evidence of charm quarks reaching local thermal equilibrium!

e |arge DO v; ordinated from charm quark diffusion in QGP
e 3D viscous hydro consistent with D9 v, data up to 4 GeV/c

Special Session for FV’s Retirement
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D/D v1 - sQGP Properties and Initial B-field

S. Chatterjee & P Bozek, PRL 120 (2018) 192301 STAR, PRL 123 (2019) 162301
Au+Au |[5,,,=200 GeV, 10-80%
X107
x 4 a) i Qe") - | .gpg
y |DP-meson v1 sensitive to 0.05 2
_ . I E—
e geometry tilt of QGP source E oI T 1
Bulk « HQ diffusion coefficient D(T') PR I - SR
e STAR  __ E I
.z @ D°+ DY (tc +uc)
-0.05F o K +K'(Us +us)
Model:(D° + D°)
LT Hydro+EM (Chatterjee et.al.) — — AMPT .
STA
b) o
0.05 A

D/D v difference sensitive to

e initial magnetic field :’ O:Z‘Qi—r—ﬁ—_ .%L N
w

-0.05~ Model:(D° - D°)

g -------- EM (Das et. al.)
3 ——— Hydro+EM (Chatterjee et.al)
° : l l ) :
: -1 -0.5 0 0.5
£-002 Rapidity (y)
-0.04- Pb+Pb 2.76 TeV
S.K. Das et al, PLB 768 (2017) 260 2 Rapi(?ity (y) é

« vi(D) > v(h)

\ Strong B field in HIC -> v,(D) = - v,(Dbar), v,(h*)-v,(h")~0 / T-dependence of diffusion coefficient
- T- ITTUSI ICI

~

\ o Avl(D): need more precise measurements
rTr—rr\rrl ‘ill
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D} /D and A}/D" Enhancement in Heavy lon Collisions

- @ Au+Au, 0-10%
— O Au+Au, 10-20%
. —PYTHIA p+p

| -- He,Rapp, 0-20%

O
o

0-10%:
-.=-« Tsinghua (seq. coal.)

-~ Catania (coal.)
—— Catania (coal.+frag.)

)
(b 0.6 — — Cao,Ko
o 04
JTe F
Q
0.2
ISy = 200 GeV  (a)
08 | ® Au+Au, ---- Tsinghua (seq. coal.), 20-40%
—~ 7| OAu+Au, — - Tsinghua (seq. coal.), 40-80%
OIQ PYTHIA p+p
o 06
=) —= @
= I - .
g o4r I NG
o’ I e ———
02———" """
: (b)

4 5 6 7

Transverse Momentum P, (GeVic)

STAR, PRL 127 (2021) 092301
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—&- STAR

.......
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STAR, PRL 124 (2020) 172301

~

. D;F/DO and A_/D significantly higher than fragmentation baseline

* Models with coalescence hadronization + strangeness enhancement
qualitatively reproduce the data

frreeeer ‘m
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Charm Spatial Diffusion Coefficient

50 Y . T r T T T
- l_ D‘melson, HRG | I | | ] QU) 50 i T T T T | T T T T | T T T T T T T T ]
45 |=——=c-quark, QGP, Qq+Qg T-matrix, U-pot. - I~ - Lattice QCD .
c-quark, QGP, Qq+Qg T-matrix, F-pot. y = i o Ding et al. _
0 == =c-quark, QGP, pQCD with ¢ =0.4 7 Al 40 |- " Banerjee et al. ]
[ . . T B s Kaczmarek et al. |
35 | ® c-quark, lattice Ding et al. - - .
- o c-quark, lattice Banerjeeetal. = _ . _.—-="—" - i |
30 —————— T T 30 _“-_ |
ool . B -
U - (i ]
A" 20F \ - o0 |- % _
15 . \ - : ‘::\ y |
R ) AR oP
i \ [ T —
° ' N\ i 101 i W (catanid A
~ Yt
5 - - “_ : .....I L i!
0 - | N | 1 ] 1 | L | i 1 | X ] P - O i | | | | |-|-I| | | | | | | | | | | ? | |
0.6 0.8 1.0 1.2 1.4 16 1.8 2.0 1 1.5 2
TIT, T/T ¢

e Charm quark 277D, ~ 2-5 at near T
~ consistent with quenched lattice calculations

momentum/temperature dependence? charm vs. bottom universality?

/—‘\l |~ Next generation fast/thin MAPS + high lumi./stat. data at RHIC and LHC

f(reeeer ‘m'
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sQGP Transport Parameters

30

T
‘}""

20

10

||||||||||||||.,+-'P"||||||||

Lattice QCD

o Ding et al.
m Banerjee et al.

A Kaczmarek et al.

~

TR, or 4nv/s

21

~

S
~
Sa
~
|

Sa

o)
!

2nTD: Y. Xu et al, PRC 97 (2018) 014907

2

nls: J. Bernhard et al, Nature Physics 115 (2019) 1113

e Charm quark 277D, ~ 2-5 at near T

- consistent with quenched Ilattice calculations

momentum/temperature dependence? charm vs. bottom universality?

/-‘\l | = Next generation fast/thin MAPS + high lumi./stat. data at RHIC and LHC
f(reeeer ‘m'
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Training Next Generation

University of Science and Technology of China
A dissertation for doctor’s degree

Measurements of D production
in Aut+Au collisions at /sy = 200
GeV from the STAR experiment

Author : Long Zhou

Speciality : Particle Physics and Nuclear Physics

Supervisor : Prof. Chen Li
Prof. Yifei Zhang, Prof. Flemming Videback
Finished Time : Mar, 2017
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STAR, PRL 127 (2021) 092301

[ ® Au+Au, 0-10% 0-10%:

- O Au+Au, 10-20%  -.--- Tsinghua (seq. coal.)
. —PYTHIA p+p -~ Catania (coal.)

-- He,Rapp, 0-20% —— Catania (coal.+frag.)
B — - Cao,Ko

Sy = 200 GeV  (a)

| " ] a 1

| ® Au+Au, ---- Tsinghua (seq. coal.), 20-40%

" OAu+AU, — - Tsinghua (seq. coal.), 40-80%
PYTHIA p+p
- .
B O --,:ﬁ
. (b)

1 2 3 4 5 6 7
Transverse Momentum P, (GeVic)

11 PhDs graduated
on HFT measurements
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Thank you, Flemming!

A long, happy and healthy retivement!
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Uniqueness of Heavy Flavor Quarks

my myg Aqep m, m,
| | | |

MeV

1 10 102 103
Tc 7-QGP

M., >> Aqcp  @menable to perturbative QCD

mc,b >> TQGP

104

predominately created from initial hard scatterings

“Brownian” motion

-~

~

/

q Diffusion Equation
b F
- X :
P _pdP (X)) -(O) ~
e \ gt ox°
C ' '
," / ‘;\ D or Ds - spacial diffusion coefficient
T - used to reveal medium substructures
- ©.0. RT kT
KMQ >>T, Ma>>gT D= =g
rrrrrrr m
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Heavy Quark Diffusion Coefficient

0 T \ ! Y ' ! X J ' ! ' J y

|— = D-meson, HRG _ 2015
45 == c-quark, QGP, Qq+Qg T-matrix, U-pot. - E—

c-quark, QGP, Qq+Qg T-matrix, F-pot. y ~

ol C9 q+Qg T-matrix, F-p ] o 27TD,~upto30 @ T

- c-quark, QGP, pQCD with o =0.4 -
35  ® c-quark, lattice Ding et al. -

® c-quark, lattice Banerjeeetal. = _  _.—c=—=—" y
30 | = -
w25 \\ - To determine HQ diffusion coefficient
0" 20F ‘\ - Precision measurement of D? production

15 | . T- (Raa and v2), particularly at low pr
of ) W

e \ -
5F <. -

- | | | e o D’ > Kzt ct ~ 123um
0 2 1 1 1 1 1 1

0.6 0.8 1.0 1.2 1.4 16 1.8 2.0
+ — ot ct ~ 60um
T AN - pK™n H

HotQCD white paper - arXiv: 1502.02730

Big Challenge
Combinatorial background in heavy-ion collisions

- Silicon pixel detector to separate secondary decay vertex!

Frreoeoeer ‘m
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Instrumentation

ALICE | ATLAS | CMS | LHCb | PHENIX| STAR
Sensor tech. Hybrid Hybrid Hybrid Hybrid Hybrid MAPS
Zﬁf‘rz‘)s'ze 50x425 | 50x400 | 100x150 | 200x200 | 50x425 | 20x20
Radius of first| 4 g 5.1 4.4 N/A 25 2.8
layer (cm)
Thickness of
ﬂrSt Iayer 1 %Xo ~1 O/OXO ~1 %XO ~1 O/OXO 1 %XO 0.40/0xo

Monolithic Active Pixel Sensor

MAPS-based pixel detector planned for CBM, EIC tracker etc.

STAR Pixel - first application of MAPS technology in collider experiments

Next generation MAPS sensor deployed for ALICE-ITS2, sSPHENIX-MVTX upgrades

~
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Monolithic Active Pixel Sensor (MAPS)

MAPS pixel cross-section (not to scale)

Properties:
/ionizing particle = Standard commercial CMOS technology
/ passivation = Sensor and signal processing are

integrated in the same silicon wafer

= Signal is created in the low-doped epitaxial
layer étypically ~10-15 um) — MIP signal is
limited to <1000 electrons

= Charge collection is mainly through

thermal diffusion (~100 ns), reflective
boundaries at p-well and substrate

50 um

Hybrid
MAPS and competition | MAPS Pixel CCD
Granularity + - +
Small material budget + - +
Readout speed + ++ -
Radiation tolerance + ++ -

MARPS - particularly chosen for measuring HF hadron decays in heavy ion collisions

~

/\ A
rrreernr
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Project Timeline and Completion Summary

Level | Milestone Baseline Date Actual/Forecast Date
1 CD-0 Approve Mission Need Q2, FY09 2/18/09 (A)
1 CD-1 Approve Alternative Selection and Q4, FY10 8/31/10 (A)
Cost Range
1 CD-2 Approve Performance Baseline Q4, FY1l 10/11/11(A)
1 CD-3 Approve Start of Fabrication Q4,FY11 10/11/11(A)
CD-4 Approve Project Completion Q4, FY15 9/25/14 (F)

~

A
frrreeer ‘m

Summary e

The HFT project systems were installed ahead of the
RHIC run-14
With PXL and IST included in the run STAR collected

1.2B minimum bias events. This met the STAR physics
goals for HFT in run-14.

The SSD system also completed commissioning and
took 172M physics events

The first PXL detector will be refurbished and be ready
for future years running, as per design of the replaceable
inner tracking system

Project will complete sig
and ahead of schedule™
'I(;%e4H FT system has met the KPP requirements for

nificantly under budget (~M$ 2)

e LT T Project Closeout Review 29 Y %'gﬁﬁc".f
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d"N/(N, 2rp_dp._dy) (
o
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<
(0]

Collectivity - Radial Flow

(Tsallis) Blast-Wave fits

O 0-10%

Au+Au \ s, = 200 GeV

e 10-20% (/2)
0 20-40% (/4)
= 40-60% (/8)
o 60-80% (/16)

STAR, PRC 99 (2019) 034908

~

frrrrnrnfr

(@)
=
= —_
0
x ()
O
k9 x
I l | l 1 1 | l | l
2 4 6 8 10
P, (GeV/c)

Au+Au \'s,, = 200 GeV
0.3
I @
> 505, |®
Q0.2 o
g 60.80%0
= 0-5%
'z =
— . 0-109
®-D
0.1 _ °0 0oepg
4 0.E 70-809, @
- o nKp 0-5%
0 1 | 1 | L ] | L ] |
0 01 02 03 04 05 06
B (c)

e Blast-wave model fit: similar to multi-strange harons, D% mesons
Kinetically freeze out earlier than light hadrons
- collectivity from partonic stage interactions

Special Session for FV’s Retirement
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Do Meson Raa/Rcp in A+A Collisions

I

STAR, PRC 99 (2019) 034908
B I | I | I | I | I a K(S)’ 0'50/0
@ - ) s
Au+Au \'s,, =200 GeV o¢ @P
| . [~ AR §
a ® ©D°0-10% I v & ¢
1 el 8 VT T
L M 1.5
¢ m*0-12% STAR .

Rep (/40-60%)

]
o
(&)
PN
ik
i
o @
I @
SePT
Fro—
e
o+
®
w
o

e Raa(D) ~ Raa(h) at pt > ~4 GeV/c
- significant charm quark energy loss in the QGP medium
- Importance of radiative and collisional energy loss

S
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DO v, Compared with Model Calculations

< oD’ OA  STARAu+Au|Sy=200Gev| PUQCD c-quark (b=7fm): |
> AE OKqg 10-40% R. Rapp & H. van Hees, arXiv: 0903.1096
g 011 T-Matrix with F-pot:
£ : 0 - T S. Liu et al, PRC 99 (2019) 055201
| st ieR o
N -4 - ¢$ v
> 0.05 —
§' - g $ » = = D-meson,HRG =~ ' " ' 1 .
3 £ 45 = c-quark, QGP, Qq+Qg T-matrix, U-pot. -
< e 1 ------------ IpQCD C‘?Uafk_ 40'_ c-quark, QGP, Qq+Qg T-matrix, F-pot. ]
00 0.5 ] 15 > 25 =+ =c-quark, QGP, pQCD with . =0.4 -
(m_-mg) /n_(GeVic ?) :
0351
;] —— Strong Pb-Pb, 5[.02TeV, 3"0%-50%15
0.30F :
L 0.25F :
> C
S 0.20F
) C
= 0.15}
2 0.10f
0.05
0.00: 0 I I \ 1 L I
0.6 0.8 1.0 1.2 14 1.6 1.8 2.0
TIT,
 pQCD calculation and T-Matrix with F-pot. cannot reproduce the data
= - heavy quarkonium Raa data disfavors F-pot.
A
rr/rml ‘m
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DO v1 - T-dependent sQGP Properties

S. Chatterjee & P Bozek, PRL 120 (2018) 192301

x“

® |D-meson vi sensitive to
e geometry tilt of QGP source
« HQ diffusion coefficient D (T')

HF
Hydro model
Y y = D JET
[ A— D,D Ay T §
N DYOCT1'5:
o
o

oY

1 1 IIIIIII
O

charged particles

Data
g Hydro (b)

Frrrri

i —O-
<
llllllI

10°

\'syy GeV

107

~
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S. Chatterjee & P Bozek, PLB 798 (2019) 134955

Special Session for FV’s Retirement

0.05
> 0
~

-0.05

STAR, PRL 123 (2019) 162301

Au+Au \'s, =200 GeV, 10-80%

STAR

A?
X107 |

D
0

@ D°+D° (Tic +ud) E
0 K+ K" (Us + us)
Model:(D° + D°)

T Hydrol+EM (Chatterljee et.al.) — = AMPT 1
-1 -0.5 0 0.5 1
Rapidity (y)

e V(D) > v (h)

of HQ diffusion coefficient

- Constraints on T-dependence
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D; /D" Enhancement in Heavy lon Collisions

Transverse Momentum P, (GeV/c)

STAR, PRL 127 (2021) 092301, CMS, PAS-HIN-18-017
ALICE, JHEP 1810 (2018) 174, EPJC77 (2017) 550

S

rrreerr

i o | ! | ! | ! | | | | | | |
° 2u+ﬁu, %1 gg«;/ 0-10%: 0 | —@— STAR Au+Au@200GeV, 10-40% |
- O AutAu, 10-20%  -.-.- Tsinghua (seq. coal.) + o _EQO
2 BYTHIA pto " Catania (co8l) ) | — ALICE Pb+Pb@5.02TeV, 30-50% ]
6l . He,Rapp, 0_200/0 —— Catania (coa|.+frag.) —A— CMS Pb+Pb@502TeV, 0-100%
_ — — Cao,Ko 061~ 5 ALicE p+p@7TeV N
4 ' - —A— CMS p+p@5.02TeV 7
(S = 200 GeV  (a) A _
[ ® Au+Au, ---- Tsinghua (seq. coal.), 20-40% - -
O Au+Au, — — Tsinghua (seq. coal.), 40-80% 4 Loy
PYTHIA p+p = A 7
6 =
! o o m
R 3 -
0ok —————————— T " —— PYTHIA8 @7TeV
_ (b) - —— PYTHIA8 @200GeV
| " 1 " | M 1 M | 2 1 M | O | | | | | | | | | i | i | i |
1 2 3 4 5 6 7 2 4 6 8 10 12 14

Transverse Momentum p_ (GeV/c)

. D;F/DO significantly higher than fragmentation baseline from PYTHIA

* Models with coalescence hadronization + strangeness enhancement
qualitatively reproduce the data

A
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AT/D° Enhancement in Heavy lon Collisions

Au+Au@200GeV, 10-80%
—&@- STAR

)(D%4+D)

<& 1.5
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IIII]IIII]IIIIIIII
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He,Rapp: 0-20%
Sun,Ko: 0-10%

Tsinghua
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-- PYTHIACR
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....
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1 2
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6 7

Transverse Momentum o (GeV/c)

STAR, PRL 124 (2020) 172301
ALICE, JHEP 04 (2018) 108, QM19
CMS, PLB 803 (2020) 135328

AJD°

- —@— STAR Au+Au@200GeV, 10-80%
- —8— ALICE Pb+Pb@5.02TeV, 0-10%
1.5 " —B3— ALICE p+p@7TeV
Y PYTHIA CR @200GeV
i ® —— PYTHIA @200GeV
11— ™
iy ~
0.5 T ~d. @ ES ? W
0 . | . | . | . | . |
2 4 6 8 10

Transverse Momentum P, (GeV/c)

o A_/D ratio comparable to light/strange hadrons in A+A collisions
* A_/D enhancement w.r.t the PYTHIA predictions (w/ and w/o CR)

/\I \ e (Coalescence models qualitatively reproduce the large AC/D ratio
r(rreoeer ‘m
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Charm Hadrochemistry

O T T
D | _
o ® STAR Au+Au |sy, =200 GeV Charm Hadron Cross Section do/dy (pb)
el
2 1 ¢ = D’ 41+1%5
© N N
o - ‘ - i D 18+1+3
: _+_ : Au+Au 200 GeV D! 15+1+5
(10-40%) '
i S | A; 78 + 13 + 28*
101 - SHM — Total 1521329
 —— PYTHIA i p+p 200 GeV Total 130 =30 = 26
+/10 +/10 +/10
D"/D Ds/ D AC/ D * extracted from 10-80%

SHM: THERMUS calculations
chemical FO parameters from the fit to light/strange hadrons

at RHIC top energy
* Total charm cross section follows ~ Npin scaling from p+p to Au+Au
* However, charm hadrochemistry changes considerably in Au+Au collisions!
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First Look at the Bottom v»

T 600 STAR Preliminary ™ 02— T ™
e so0 b= Combined template Au+Au m= 200 GeV T N STAR Pre]iminary ® TPC Event Plane N
~ - -
P SE Photonic e 0.15F (] FMS Event Plane —
g 400 T YE AutAu 5..=200 GeV -
g - Hadrons ol - \‘NN - v Duke be -
@ 300 > [ 0-80% -
00 0.1 + .
100F A onosr o= oM ieeeeee - T -
o gt e, 08 0.05 i * # o -
E ( ‘f-r"~nf1ﬂr"-L1f ‘*‘-ﬁﬁf“'-*té ; [= e S ' .
-3 3 =2 -1 Of=c--f=ccccccccccccccccccccccccccccncccccccccccccncn. —
‘/ logm(DCA/cm) - - .
; - (' on-riow —

. bk _().()5 ~ 3 I 3 I | | I 3 I 3 | 3

vo(0bs.) = fb'v.lz’ + fevs + fbky'z;Q I p) 3 4 é v/

cVv/cC

p.( )
STAR QM19

~

 TPC and FMS (2.5 < 1 < 4.0) methods provide consistent results

Evidence of non-zero bottom vz (3.40)
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Summary of D9 vo and Raa at RHIC and LHC

0.3
0.25

0.2

=' 0.15
0.1

0.05

A
‘m

PbPb 5.02 TeV, Cent. 30-50%
e ALICE D% D*, D*' Iyl <0.8
e CMSD’lyl<1

AuAu 200 GeV, Cent. 10-40%
e STARD’lyl<1

==

10
P, (GeV/c)

—

27.4 pb™(5.02 TeV pp) + 530 ub™ (5.02 TeV PbPb)

[ = Jcmsiyi<1
[ e JALICEIyI<05
[ e | sTAR 2014

D° + D°

CMS T,, and lumi.
uncertainty

++
i

Cent. 0-10%

1 10 102
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0.3

0.25
0.2
<N 0.15

0.1

0.05

D°+ D% lyl <1
—— LBT —— PHSD
-n=n= SUBATECH ri CUJET 3.0
s TAMU

.,  Average D° D* D, lyl <0.8

\

MC@sHQ+EPOS?2

A2

BAMPS el.+rad.
POWLANG HTL
BAMPS el.

5.02 TeV PbPb, Centrality 30-50% ]

0.6

O Ol I Lo I I
1 10
p. (GeV/c)
T
(5.02 TeV PbPb, Centrality 0-10%)
_III T T T Idol.leo,ly|<l1 T T IIIII| l
1.6 L [ Djordjevic et al. CUJET 3.0 _
O [[7] vitev et al. (g=1.9-2.0) === LBT 7
- = PHSD w/ shadowing AdS/CFT HH D = consty
1 4 - ------ PHSD w/o shadowing AdS/CFT HH D(p)
B k Average D% D*, D, lyl < 0.5
1.2~ . se=s; BAMPS el +rad. POWLANG HTL
B "5 BAMPSel. e TAMU
S| A e et NC@SHQREPOS2.
< -
< - :
@C o8
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