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Status and Physics Opportunities of
STAR Heavy Flavor Tracker and
Muon Telescope Detector Upgrades

Qiu Hao (LBNL)
for the STAR Collaboration

S

WYHONIWYI9 Caipii—

o
=

A "@' Office of
~ 4 Science
U.S. D ENT OF ENERGY

f(rereree ﬂ
EPARTM
EEEEEEEEEEE

N
o
—
W



S WSTAR * _
e Outline

STAR detector overview

New physics direction for STAR heavy ion program

Heavy Flavor Tracker and Muon Telescope Detector
* Physics motivation

* Design

« Status and performance

RHIC run plan

Summary
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RN STAR Detector Overview

Tracking & dE/dx:
Time Projection Chamber |\

Particle ID: Electromagnetic
Time Of Flight detector Calorimetry:
4 Barrel EMC
+Endcap EMC
+Forward Meson
Spectrometer
(-1=n=14)

Muon Telescope
Detector (runs 13/14

Heavy Flavor
Tracker (run 14)

Forward GEM
Tracker (runs 12/13)

Full azimuthal particle identification at middle rapidity
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S WSTAR *

New Physics Direction for
STAR Heavy lon Program

* Heavy flavor

My .>> Te, Aacps Mygs

Early produce — Open heavy flavor —— HFT
Conserve in total number —
Less influenced — Heavy quarkonium —

Good probe to QGP

* Thermal di-lepton
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- MTD

QGP signal s

Probing the temperature of the medium
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Outline

« STAR detector overview
* New physics direction for STAR heavy ion program
 Heavy Flavor Tracker and Muon Telescope Detector
* Physics motivation
* Design
« Status and performance
* RHIC run plan

* Summary
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RIS UFT Physics Motivation

« HFT can be used to study heavy flavor production
by the measurement of displaced vertices
e DO KTt
« BR=3.83% cT ~ 120 ym
* Al—opKm
- BR=50% cT ~ 60 um

* Bmesons - J/ygy+X or e+ X

D° Decay

*

D° Decay
Detail

i------:‘";"-.

« cT1~500 Mm 6, CMFrame i
y Detail
I I
I
® Primary Vertex
« Total charm yield ==base line for charmonium suppression & coalescence

*  Rgps Rap Of charm and bottom ==energy loss in QGP
« Charm (D) flow == thermalization?
© cc (DOE ) angular correlation== interaction with the medium

« AT/DO == test coalescence model
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SRTAR Y~ orm Yield, R;p and Ry,

22 —' g Aus X @ 200 GeV y10+y1T]
CEE : EF ' e 0-80%
n [ , = 0-10% ]
1.5+ J BW Pred. (nKp)

0 2 4 6 8
Nucl.Phys.A904-905 2013 (2013) pT (GeVrc)
639c-642c
« Total charm yield me) base line for charmonium suppression & coalescence
* Rep, Raa mmmmss) energy loss mechanism, QCD in dense medium
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* Large combinatorial background

B (b) | ‘:9 500
: xa%
) K*0 mixing event » 400
B N bg subtracted | S
_ 8 300
BRI % ] 2
T
¢ 200
[ |
05 1 15 2 25 3
2
Mass, (GeV/c)
X1IOJ I T I T 1 T I ‘ T U
N 1.0<p <15GeVie |y|<1 ]
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using primary tracks to reconstruct

DO

vertex from HFT
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Much better S/B ratio with displaced

§/(sth)=0.06 |

T

1000

500

simulation with HFT

AuAu 200 Ge\ central 500M e\ents

|
- SRR
Krinv. mass (GeV)
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Charm Yleld RCP and RAA

| T T
28.4/27
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® 0-80%
L 0 10%

X @ 200 GeV y10+y11' 2.0

1.0
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0.2
0.1
0
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Nucl.Phys.A904-905 2013 (2013) Pt (GeV/c)

639c-642c

Charm Yield, RCP and R,

T ' T T T
200 GeV Au+Au CoII|S|ons at RHIC

(D 1B minimum bias events; |y|<0.5)

N, scaling

N, SCaling

- Charged hadron RCP

o Expected errors on D° Rep
| L | L | ! |

L
2 4 6 8 10

Transverse Momentum P, (GeV/c)

STAR projection with HFT

* Much better precision with HFT than current STAR measurement

« Low radiation length enable reconstruction of D° with p; starting from 0, enabling charm
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total cross section measurement.
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g 2:T T ] L I LB l L I LR l T ] T ] L I LI If'
@C , gF JHEP09(2012)112 ALICE -
- 0-20% centrality
1.6F Pb-Pb,\[S,, = 2.76 TeV -
1.4}  Average D°, D, D", |y|<0.5 -
- o Charged particles, n|<0.8 ]
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L R L E
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% 2 4 & 8 10 12 14_16 18
P, (GeV/c)

o
®)
'

Charm Yield, Rcp and R,,

T | T | T | T | T
200 GeV Au+Au Collisions at RHIC

(D°: 1B minimum bias events; |y|<0.5)

20

1.0

- N, scaling

N, SCaling

0.21

01 - Charged hadron RCP

o Expected errors on D° Rep
1 | 1 | 1 I 1 | L

I

0 2 4 6 8

|
10

Transverse Momentum P, (GeV/c)

STAR projection with HFT

* Probe possible different medium property with different collision energy.

« Low radiation length enable reconstruction of D° with p; starting from 0, enabling charm
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Charm Flow

I | | I I | I I | I |

E_ ---charged hadrons iéfA o Preimina _g é 25 :_ 200 GeV Au+Au Collisions ~ ====** Hydro _:
0.25 ;— m NPE V2{2} 0-60% remne _; >C\l ; (D°: 1B min bias events; |y|<0.5) . S:(.e:jr)gsc\i/;:;irons E
0'2 E_ N NPE V2{2}.9-ff)-% HT $ _E QLJ 20 :_ — — Vz(c) =0 _:
e T - = ) - ]
0.15&= Ee 4 € 15F N
0.1 28y § 38 | :
g 1L b -
0.05F 0o 10} -
il J > : o ]
OF 1 2 _t _ .
- - g 5 — . -
-0.05 ) N #7? |
= 4 L2 o :
-0'1:..|....|....|...,|....|.,,,|,,,,|,,_?é B | | I | | | | | L | | |
1 2 3 4 5 6 7 8 0 1 2 3 4 5 6
Nucl.Phys.A904-905 2013 (2013)  P.. [GeV/c] Transverse Momentum P, (GeV/c)
065¢-668¢ STAR projection with HFT
« Charm collectivity —) light flavor thermalization?

DO v, is a more direct measurement of charm flow than non-photonic electron v,.

With HFT STAR is able to measure D° v, at low p; region, which is sensitive to charm flow.
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>(\.l 0.4 | T I T I T T T | T I T I T I T L
| ALICE Pb-Pb, |s, =2.76 TeV |
B Centrality 30-50% 4
i o ]
0.2~ 0$ —
i <><§§> ‘@ 00%
° 0 0

f O O 0:

¢ Charged particles, v {EP,|An>2}
= Prompt D°,D*, D** average, lyl<0.8, v,{EP}
" [ ] Syst. from data ]

-0.2—[ ] Syst. from B feed-down =
PR R N NN RN R R R B

0 2 4 6 8 10 12 14
arXiv:1305.2707

« Charm collectivity E—)
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Charm Flow

T | L | ' | ' T T T T
- 200 GeV Au+Au Collisions ~ =====" Hydro

charged hadrons
(D°: 1B min bias events; |y|<0.5) d

——= %,(0)=V,(0)
- == V,(C)=0

lIlllllIllllll
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0 1 2 3 4 5 6
Transverse Momentum P, (GeV/c)

STAR projection with HFT

light flavor thermalization?

« Measurements at both LHC and RHIC will explore the change of media properties with
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HRTAR * J/y from B meson

e STAR2009 Phys. Lett. B 722 (2013) 55 | o
O STAR PRC80 y L

— FONLL+CEM
—% i ¢ =
o e+
. , DCA &
M| oY

M ) )
I /,r/ . Gold ions * Gold ions

200 GeV p+p

o P IS R U ENUR S S ST ST ST ST S S

i1 2 3 4 5 6 7 8 9 10 11 12 \
p, (GeV/c) g

Measured before through J/w-hadron
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(B — Jhy) / (inclusive J/y)

simulation with HFT

10°

correlation 5
©

« only in pp collisions 102

» large errors
10

with HFT can be measured by displace vertex

with MTD can also be measured through pu*u-

N ||||| T |III|II| T IIIIIII

1
-0. 03 04 0.5
channel pseudo-ct (cm)
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Intermediate Silicon Tracker 14 600 um x 0.6 cm strips 170 1800 <1.5
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s
SETAR HFT Status

» Engineering run for PXL prototype (3 out of 10 sectors) finished

. installed on May 8, 2013 D nSETON

* within 12 hours
.+ first PXL data in dag file on May 10 o i§
« 78 M events taken with PXL . L

full system to be installed in 2014

P i \
- ,,." - Ry~ " :
e §
. g =
- - (S -
/e - \
\
W : v
1

A X
PXL prototype half

QM Qiu Hao (LBNL) 15
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| PXL Performance

| Global X vs. Y |
> 10
s _F ! 107
8 °F |
© e 10°
aF : 5
- | 10
2F // |
ob o e 10°
-2F i\ 10°
-4F |
" : 102
o :
8F 10 2 45 1
« 2D correlation between measured pxl hit

10086 4 2 0 2 26 8 10 1

N Global X and TPC track projection on a sensor
4o§_ Sector 4 Ladder 4 Sigma = 1.95789e-03 (cm)
353—
sof- Y 7\

@ Zsé : Al Double difference of hit and track projection

S 20 positions between 2 overlapping sensors
15
1oE- « Single sensor resolution = 20 / V2 = 14 microns
. J | _ ~ 12 microns resolution of designed goal
0=——G015 001 0006 0 0005 0.01

(xP1-x1)-(xP2-x2) (cm)
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Outline

« STAR detector overview
* New physics direction for STAR heavy ion program
 Heavy Flavor Tracker and Muon Telescope Detector
* Physics motivation
* Design
« Status and performance
 RHIC run plan

 Summary
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SRR MTD Physics Motivation

* di-muon pairs from  single muons from

* QGP thermal radiation . heavy flavor hadrons
e quarkonia
« light vector mesons

* Drell-Yan production

« advantages over electrons:
* NO y conversion
 much less Dalitz decay contribution

» less affected by radiative losses in the detector materials

» trigger capability in Au+Au
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AWSTAR * Different Y states

%\ 800:—0 TT T[T T T T[T T T T[T T T T[T T T T[T T T T [TTT 9—: E 60 :_ STAR Preliminary
S - ® data CMS PbPb |s,, =2.76 TeV 3 F :)‘to Gh:)% cNentraIity
& 70— PoPofit (| Cent 0-100%, lyl<24 © 50F S
M I . -1 : x 285.6 +/- 52.0
© 600 Pp shape Ling = 150 ub — 40 — DY + t:-bbar
I [ pi>4GeVie - . +2INDF = 1.5
,g 500 . E 300 Y =196.6 +/- 35.8
[} C Guillermo Breto - N
> L . n
I} 4005 Rangel, Quark A 20K
- Matter 2012 3 + 4
C ] 10 +
3001~ ] = |++ |
: : oFF T
200 gttt ] n
C e + ] 10T :
ML - Journal of Physics: Conference
100F” ] 20 Series 389 (2012) 012025
07—1 111 I | I - I L1 1 l 11 1 | I 11 1 1 | | - I L1 1 I_ .3 : | | | | l | | | | I | | | | l | | | | I | | | | I
8 9 10 11 12 13 14 0 8 9 10 1 12
Mass(u*n) [GeV/c?] M.,... (GeV/c?)
aq TIT, S. Digal, P. Petreczky, and H. Satz, Phys Rev. D 64,094015 (2001)
Y ((115;) f:: . Sequential suppression of different Y states can be used as a QGP
X5 =116
Y(25) 1.10 thermometer
X5(2P) 0.83
Y (35) 0.75 « Di-muon channel is less affected by bremsstrahlung energy losses,

enabling separating different Y states.
Qiu Hao (LBNL) 19
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Different Y states

w 60 [ Y% + . _1 N 1 1T T T T T T T T | T 17T I T 17T | T 17T | T
- - !~1 P« 2 A - n 0 ro
S o[ O<p<5Gevie o0 PY PPedul 0.9 STAR ey Teescope Dotectr
8 40 = ———  1S+25+3S 0.8 : ngztt -
R s 1S 0.7— A Y(3S)ou'w —
30 — 28 L O Y(1S+2S+3S)—e’e -
g — 38 0.6 |7
20 & — background 5 I + ]
oE o 057 + + + {' k
10 0.4 -
T L1 _ _
R T _ - 0.3
LK 9 0.5 10 105 (A A A N A A ]
W invariant mass (GeV/c?) oy ! t
. . . 0.1- 1 1t t [
S|mUIat|On Wlth MTD b L e e v b b b
00 50 100 150 200 250 300 350
Number of Participants
aq TIT, S. Digal, P. Petreczky, and H. Satz, Phys Rev. D 64,094015 (2001)
\’((1152) f:i . Sequential suppression of different Y states can be used as a QGP
Xb 13
Y(29) 1.10 thermometer
X5(2P) 0.83
Y (35) 0.75 « Di-muon channel is less affected by bremsstrahlung energy losses,
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enabling separating different Y states.
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e-u Correlation

% o} | ‘-3 s 870 million 0-10% Au+Au
(3 | * STARPreliminary Au+Au 200 GeV MinBias | 10° & correlation
4 3
N L
A p2>0.2 GeV/e, [nfl<1 ] 8 - + from PYTHIA
3 ., nn,o o i +4
2 101 b eeesss _ ] (— —+—_+_
T | Wy, ', b, DY ] 102 +++
prd — ¢T PYTHIA 0.96mb - .
o] -  Cocktail Sum oS de-correlation

- - and soften of

a . . I charm
10 simulation
| | |

With MTD: 0 0.5 1 156 2 25 3 3.5 4 455
el invariant mass (GeV/c?)

. 0 3500
10 < - -1
A R \ el T NN - S3000~ 16 nb” Au+Au
AR R I R Q -
20t +++ B 2000 -
o -
O [ i -
R PR
() 1 . ] . ! ; 1 . L -
79 1 2 3 4 1000
Mass(e’e) (GeV/c?) 500 [
J. Phys. G: Nucl. Part. Phys. 38 124134 (2011) P T N T B IR B B

-1 0 1 2 3 4
A¢ (rad)

* e-J correlation =) cc correlation m=> charm interaction with the medium

. subtract cc contribution from di-lepton == Thermal production == medium thermometer
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J/y R, and Flow

0.1

Au+Au 200 GeV 0-80 %

0.2
_ Mooocc{b

o Jy
a 6
o charged hadron

initially produced [31]
---------------------- coalescence from thermalized ct [32]
- initial + coalescence [33]
initial + coalescence [34]
hydrodyrramic [35] 1

PR S

M* M- channel
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P, (GeV/c)

6 8

10

arXiv:1212.3304

« Trigger capability for low p; J/y

Raa & v, =) J/y production mechanism & charm flow

1.4— 60 pbp+p, 20 b AutAu, 0-20% | -
" o PHENIX, PRL 2007 7
1-2j = STAR, PLB 2013 ]
1———¢ + e *
$o038- —
m L -
0.6 [{] H —
simulation 0.2 % 7
P I BT | | T T AT T I T ST |
i . % 1 2 3 4 5 6 7 8 9 10
with MTD: p. (GeVic)
025 11— 71 1 T 1
Jiy—p*, 20 nb”' Au+Au, 0-80%
0.2 7
0.15— 7
0.1
0.05 $
o~ |
>0 0+ +$ +
-0.05— e
== non-flow estimation
-0.1— -
-0.15— -
-0.2— J/\y—>e+e|’, Runlx | | | B
V2% 2 3 4 5 6 8
P, (GeV/c)
* lower background
22
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MTD Design

580mm

« Multi-gap Resistive Plate Chamber (MRPC):
* gas detector, avalanche mode

« use the magnet iron bars as absorber and leave
the gaps in-between uncovered

« Acceptance: 45% at |n|<0.5

118 modules, 1416 readout strips, 2832 readout
channels

 Long-MRPC detector technology

* electronics same as used in STAR-TOF
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MTD fired ¢

MTD fired Z

Z Resolution

QM
2013

p0 149.5+ 1.2

1 p1 6.647 + 0.057
25(] 1
I (B
- 2 :
15 X B
10 -
5} .
[~ o oy s e T ]

N L 1 | PRI

% 10 20 30
pT

Intrinsic space resolution 2.6 cm

m;_....I....I....I....I....I....‘é

200 -150

projected ¢

MTD hit — TPC track projection correlation

| |
-100 -50

Efficiency

450
400
350
300

€250

=l

o
©200
150
100
50

u
150
projected Z
°

¥2 1 ndf
-

Mean
Sigma

163.9/63
417.3+7.3

0.001052 + 0.001447
0.1093 + 0.0012

0—...I...I._. P IRTRTRRI AR
1 08 -06 -04 -0.2

Time (ns)

L PR I
02 04 06 08 1

Time resolution measured

with cosmic data: 96 ps
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0.9 é— B _7‘:4—4147—4—_ e +_—+—_+_—+—7 +7_+__ +_—+—‘+‘_ +__—;
0.8 E_ _‘_ﬂf + e
07 eyt b T T T
- b T E
0.6 < 4 S +++ a8 ++ +++ i
0.5 < =
0.4 3
0.3 pp500GeV 24mV threshold J
0.2 =
01f- —=—— pp500GeV S0mV threshold 3
ob Lo b L e e L L L L
0 2 4 6 8 10 12 14 16 18 20
pr(GeV/c)
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‘ggAR*le from Di-muon Trigger

40!--IIYTTIII‘TY1 IY&]YYT‘ LI ]1-'1]YT~TII 111:

35 7 M triggered di-muon events

30 Run 13 p+p @ 500 GeV |yup|<0.65
w/o MTD calibration L

25 —— Unlike-sign

20

----- Like-sign

'lllll 1l lllllJllLlLJlJlll lllllll lilll 1 lJl

=N
(=]
'u._-nl[l YIiTlTl]Y:-IIL-.zIY LI I‘Illll ITIII | ]IITI

S/N=21/54
5
o ..................................... - T
-5
L l 2 11 1 1 L i1 1 i1 2 l 1 1 1 1 | L 1 l 1 2 LA l | 1 - l 1 L1 ]
'1q 2 2.5 3 3.5 4 4.5 5 5.5 6

M., (GeV/c?)

One di-muon trigger event

« J/p from Di-muon Trigger with only 7 M events, out of 120 M in total from Run 13.

« without time calibration, which will further suppress background
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RHIC Run Plan

Run Energy Time System Goal
147 | Vs =200GeV | 14-week Aut+Au HFT & MTD heavy flavor
measurements, £=10 nb™',
1000M M.B.
Vsa=15GeV | 3-week AutAu 1) Collect 150M M.B. events
for CP search
2) Fixed-target data takingm
( 159 [ Vsan=200GeV | 5-week p+Au Study saturation physics, h
pA-ridge and heavy ion
reference, £=300 nb™'
\ %
' )
Vs=200GeV | 12-week | 1) ptp 1) Heavy ion reference data
£=90 pb™', 500M M.B.
- J
2) transverse | 2) Study transversity, Sivers
6 weeks effects
L=40 pb™', 60% pol.
3) longitudinal | 3) Study Ag(x)
6 weeks £=50 pb’', 60% pol.

STAR Beam User Request, endorsed by RHIC PAC.

Focus on 200 GeV AA, pA, and pp collisions for heavy ion programs with new upgrades.

Qiu Hao (LBNL)

27



SWSTAR *

RHIC Run Plan

HF, (e.u) v
BESII

HFT/MTD
e-Cooling, iTPC

HFT’, Tracking, EM/HCAL (West side)

EMCAL (East side)
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Summary

STAR is conducting two major upgrades for heavy ion program:
« HFT for heavy flavor measurements
« MTD for muon detection
These upgrades will enable or enhance a rich set of physics programs:
« open and closed heavy flavor measurements, a clear probe to the QGP phase
« thermal radiation, QGP thermometer
The combination of HFT and MTD, together with the existing mid-rapidity subsystems, will
make STAR the best suited detector to carry out the mission of studying the hot QCD
matter properties.
Construction of both detectors are going well
 technical run for PXL prototype just finished successfully
63 % of MTD installed, with desirable performance
Both detectors will be finished for Run 14.

New physics results with them will greatly enhance our understanding of QGP created at

2013 Qiu Hao (LBNL) 29
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Thank you
©
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