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The QCD phase diagram

Just like with water, QCD has 1t’s own phase diagram,
which plots temperature vs net baryon density
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The QCD phase diagram

Just like with water, QCD has 1t’s own phase diagram,
which plots temperature vs net baryon density
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The QCD phase diagram
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Highlights of the 1st decade of AA collisions in STAR
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Highlights of the 1st decade of AA collisions in STAR

® First observations of 3\H

® EXxotic particles

Science 328, 58 (2010)
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Highlights of the 1st decade of AA collisions in STAR
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® First observations of 3A\H and 4He

® EXxotic particles

Nature 473, 353 (2011)
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Highlights of the 1st decade of AA collisions in STAR

® EXxotic particles

@ First observations of 3\H and 4He
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Highlights of the 1st decade of AA collisions in STAR

® EXxotic particles
@ First observations of 3\H and 4He
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Highlights of the 1st decade of AA collisions in STAR

® EXxotic particles
@ First observations of 3\H and 4He
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Highlights of the 1st decade of AA collisions in STAR

® EXxotic particles

® First observations of 3\H and 4He
® Strong Elliptic Flow

® Collective flow of created matter

® Constituent quark number degrees of
freedom apparent in scaling laws of
elliptic flow
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Highlights of the 1st decade of AA collisions in STAR

® EXxotic particles

® First observations of 3\H and 4He
® Strong Elliptic Flow

® Collective flow of created matter

® Constituent quark number degrees of
freedom apparent in scaling laws of
elliptic flow
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Highlights of the 1st decade of AA collisions in STAR

® EXxotic particles -
e First observations of 3\H and 4He Hf* | ': ?5233 % - +
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Highlights of the 1st decade of AA collisions in STAR
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Highlights of the 1st decade of AA collisions in STAR
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Highlights of the 1st decade of AA collisions in STAR

® EXxotic particles
@ First observations of 3\H and 4He

® Strong Elliptic Flow
® (Collective flow of created matter

® Constituent quark number degrees of
freedom apparent in scaling laws of
elliptic flow

® Particle production through
recombination/coalescence dominates
over fragmentation at medium pr

® Jet quenching

® Energy loss of high-pr partons
traversing the hot and dense matter
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leading particle

Jet quenching in A+A collisions
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Jet quenching in A+A collisions

leading particle

jet

quark or gluon quark or gluon

Y qu
A%‘

p+p Event

® Jet-finding is relatively straight-forward in low-
multiplicity p+p collisions
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Jet quenching in A+A collisions

leading particle

Peripheral Au+Au Event

® Jet-finding is relatively straight-forward in low-
multiplicity p+p collisions
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Jet quenching in A+A collisions

leading particle

jet

Mid-Central Au+Au Event

® Jet-finding is relatively straight-forward in low-
multiplicity p+p collisions
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Jet quenching in A+A collisions

leading particle

jet

Central Au+Au Event

® Jet-finding is relatively straight-forward in low-
multiplicity p+p collisions

® How do we do this in high-multiplicity A+A collisions?
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How to measure high-pT processes

® Single particle spectra R 14
Yield(A + A 2L
Raa(pr) = ( | 10

Yield(p 4+ p)x < Neoyy > oaf
Raa(pt) = Nuclear Modification Factor zj
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Tranverse Momentum (GeV/c)
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Suppression of inclusive hadron yield at high pr
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Suppression of inclusive hadron yield at high pr

® Good quality measurements of single particle R 14
spectra as a function of collision centrality Y R=1
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Suppression of inclusive hadron yield at high pr

® (Good quality measurements of single particle
spectra as a function of collision centrality

® Increasing suppression as the A+A centrality
Increases

® They appear to traverse dense opaque matter
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How to measure high-pT processes

® Single particle spectra
Yield(A + A) Z=

Yield(p + p)xX < Neoyy >

Xy-plane

Raa(pr) =
Raa(pt) = Nuclear Modification Factor

® 2-particle correlations

e Measure
correlations of high-
Pt hadrons in
azimuth in lieu of jet- 5
finding in high-
multiplicity bt A 5

environments
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Jet suppression: 2 particle correlations
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Jet suppression: 2 particle correlations

® Peripheral collisions look like p+p - suppression observed in central AUAu
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Jet suppression: 2 particle correlations

® Peripheral collisions look like p+p - suppression observed in central AUAu

® In d+Au collisions, deconfinement is not expected
® Measure correlations in d+Au collisions to determine if this is an initial or a

final state effect
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Jet suppression: 2 particle correlations

® Peripheral collisions look like p+p - suppression observed in central AUAu

® In d+Au collisions, deconfinement is not expected

® Measure correlations in d+Au collisions to determine if this is an initial or a
final state effect

® No suppression is observed in d+Au collisions at mid-rapidity at RHIC
® Jet suppression a final state effect?
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Highlights of the 1st decade of AA collisions in STAR

& RHIC Scientists Serve Up
r 4

"PEI‘IGBI" Liquid

New state of matter more remarkable than
predicted — raising many new questions

@ Exotic particles - o -.. * 3;\?
® First observations of 3A\H and 4He

® Strong Elliptic Flow
® (Collective flow of created matter

® Constituent quark number degrees of
freedom apparent in scaling laws of
elliptic flow

® Particle production through
recombination/coalescence dominates [RENESHRIREIIN:
over fragmentation at medium pr THEEARLIEST

UNIVERSE

® Jet quenching

® Energy loss of high-pr partons
traversing the hot and dense matter < these and comparisons to

models led to the “perfect fluid”
hypothesis
Paradigm shift:

strongly coupled QGP = sQGP .
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Highlights of the 1st decade of AA collisions in STAR

® EXxotic particles
@ First observations of 3\H and 4He

® Strong Elliptic Flow
® (Collective flow of created matter

® Constituent quark number degrees of
freedom apparent in scaling laws of
elliptic flow

® Particle production through
recombination/coalescence dominates

over fragmentation at medium pr

® Jet quenching

® Energy loss of high-pr partons
traversing the hot and dense matter

® (Gluon saturation at small-x?

® Tantalising hints of saturation
phenomena in d+A collisions

*TAR macl@bnl.gov: DIS2012

"PEI‘IGBI" Liquid

New state of matter more remarkable than
predicted — raising many new questions

& RHIC Scientists Serve Up
r 4

PHYSICISTS RE-CREATE
THE LIQUID STUFF OF
THE EARLIEST
UNIVERSE

< these and comparisons to
models led to the “perfect fluid”
hypothesis
Paradigm shift:

strongly coupled QGP = sQGP .


mailto:macl@bnl.gov
mailto:macl@bnl.gov

Saturation at RHIC: correlations at forward rapidities
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Saturation at RHIC: correlations at forward rapidities
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Saturation at RHIC: correlations at forward rapidities
p+p d+Au peripheral
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Saturation at RHIC: correlations at forward rapidities
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Saturation at RHIC: correlations at forward rapidities
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® The main aim of the RHIC 3 o200 eV
polarised proton running is the §E o
measurement of Ag(x) at S0
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10225—8— ombined MB
® Inclusive jet-yield is well B+ o
reprOdUCGd by NLO pQCD 1E — NLOQGD (Vogelsang T
calculations S '(!bé
® Can use NLO pQCD to extract 30 mmumm__,mgwf—é
Ag(x) from measurements of foa-
|_|_ jo_oe_ p; [GeVic]
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© Measurement good enough to  3°%| —ossv" ™"
discriminate between some | ey et |5
GRSV Scenarlos 0.03 ® 2006 STAR Preliminary ”

o.ozé— //_”':#
® Lot more to do in the spin 0.01F +%f%j:”'
programme o T
® Running at Vs=500 GeV o V5=200GeV Baf o jeteX i<t
increases the x-range and 003} e lteations o s
available measurements B ) S S S T R
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Questions remaining to be answered
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Questions remaining to be answered

® Despite RHIC’s successful 1st decade - unanswered questions remain:
© A+A

®

®

What are the properties of the sQGP? How does it thermalise?

Are the interactions of energetic partons with QCD matter characterised
by strong or weak coupling? What is the detailed mechanism of partonic
energy loss?

Where is the QCD critical point and the first-order phase transition line?

Can we strengthen the current evidence for novel symmetries in QCD
matter and open new avenues?

What other exotic particles are created at RHIC?
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Questions remaining to be answered

® Despite RHIC’s successful 1st decade - unanswered questions remain:
© A+A
® What are the properties of the sQGP? How does it thermalise?

© Are the interactions of energetic partons with QCD matter characterised
by strong or weak coupling? What is the detailed mechanism of partonic
energy loss?

® Where is the QCD critical point and the first-order phase transition line?

® Can we strengthen the current evidence for novel symmetries in QCD
matter and open new avenues?

© What other exotic particles are created at RHIC?
® p/d+A
© What is the nature of the initial state in nuclear collisions?
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Questions remaining to be answered

® Despite RHIC’s successful 1st decade - unanswered questions remain:
© A+A
® What are the properties of the sQGP? How does it thermalise?

© Are the interactions of energetic partons with QCD matter characterised
by strong or weak coupling? What is the detailed mechanism of partonic
energy loss?

® Where is the QCD critical point and the first-order phase transition line?

® Can we strengthen the current evidence for novel symmetries in QCD
matter and open new avenues?

© What other exotic particles are created at RHIC?
® p/d+A
® What is the nature of the initial state in nuclear collisions?
® p+p
®© What is the partonic spin structure of the proton?
® How do we go beyond leading-twist and collinear factorisation in pQCD?
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RHIC’s improvement with age....

Heavy ion runs
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Weeks in physics
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Plots courtesy of W. Fischer, C-AD

® As RHIC has improved luminosity, so STAR has improved
© 2001: TPC DAQ ~ 8 Hz (when the stars aligned)

© 2012: TPC DAQ ~ 1.8 kHz

*TAR macl@bnl.gov: DIS2012
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STAR through the ages

CTB | B =5 |
] % TPC 1| |
<«—7DC L 5 ZDC —»
—1 AR I‘!I | f | R

CTB - s
| RICH |
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STAR through the ages
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<«—7DC L 5 ZDC —»
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STAR through the ages
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STAR through the ages
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STAR through the ages
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PMD
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STAR through the ages
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STAR through the ages

FMS

PMD
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Timeline of STAR detector upgrades

Heavy Flavour Tracker

Muon Telescope Detector

Run: 9 10 11 12 13 14
DAQ 1000
i i Full TOF
: : Forward GEM Tracker
i Small Beam Pipe
Forward TPCs > : :
'''''''''''''''' o

*TAR macl@bnl.gov: DIS2012
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Timeline of STAR detector upgrades

Run: 9 10 11

12

13

14

DAQ 1000

Full TOF

Forward GEM Tracker

Forward TPCs

Allows a low-energy “Beam
Energy Scan” to
investigate below transition
energies - programme
started in 2010

*TAR macl@bnl.gov: DIS2012

Small Beam Pipe

Heavy Flavour Tracker

Muon Telescope Detector

Roman Pots (phase 2)

Fo__r_w IC U rade

EBIS

RHIC Il Luminosity

Low E Cooling 3
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RHIC Upgrades - EBIS Source

PHOBUS - 12000ciock - BRAHMS & PP2PP (D)

10:00 o’clock = = s I — w2, 2:00 o'clock

EBIS going
here e i

STAR

6:00 o’clock

= /4
' ' -:tﬁ
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Flexibility: U+U

A. Kuhlman, U. Heinz,Y.V. Kovchegov, Phys. Lett. B638, 171(2006)
U+U A R I B — T T T T ]
150 |- _ o+ ~
Au+Au BOd)’-BOd)’ lOO_ Au+Au,b =0 |
50 |
150_ |
100

s (fm'3)

50

150
100
50

® Run 12: first feasibility studies

® Unique: pathlength dependence of quenching (50% more L)
® Full range of measurements: y-jet, b and c, jets, Upsilons,

*TAR macl@bnl.gov: DIS2012
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Heavy Flavour Tracker

® QOriginal mid-rapditiy Si vertex tracker at STAR not capable of
identifying charm and bottom hadrons through direct
reconstruction of the displaced vertex

® Heavy Flavour Tracker designed to do thls Installation begins Iin
2013 —

PXL at 2.5and 8 cm

IST at 14 cm ARG \

ODEEm e
[ ™A

il HuE

r— T T
V m//,rllmlilmlllmuuuamr -!

R b Ll L L7 SETEINICAD AN - B

e
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d|

HFT Technology
s YA aN
/

7

Pixel 1-2 R=2.5, 8&cm

q
Q

AN

>

SSD R=23cm

N

N
Y
)}
/

Z

IST R=14cm ®v5 .
New beam pipe
Technology Hit resolution R-¢  Radiation Length
(um - um)
SSD double sided strips 30 - 857 1% Xy
IST  Silicon Strip Pad sensors 170 -1700 1.2% X,
PIXEL Active Pixels 8.6 -8.6 0.4% X,
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HFT Technology

SSD R=23cm

N
Y,
5

/

> Z

IST R=14cm ®v5 .
New beam pipe
Technology Hit resolution R-¢  Radiation Length
(um - um)
SSD double sided strips 30 - 857 1% Xy
IST  Silicon Strip Pad sensors 170 -1700 1.2% X,
PIXEL Active Pixels 8.6 -8.6 0.4% X,
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HFT Technology

SSD R=23cm

N
Y,
5

/

> Z

IST R=14cm ®v5 .
New beam pipe
Technology Hit resolution R-¢  Radiation Length
(um - um)
SSD double sided strips 30 - 857 1% Xy
IST  Silicon Strip Pad sensors 170 -1700 1.2% X,
PIXEL Active Pixels 8.6 -8.6 0.4% X,
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Physics of the HF T

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

(\)\_o/ o5 : 4 hadrond] 4 (RCP)A * Expected errors for Lambda/Kaon enhancement !
al [ (D% 500M min bias events; lyl<0.5) S (i;gfv (3) rons i (R ) ]
> B — . V2(C) 02 ] i | CP’p° © Expected errors for no enhancement
— B = VLlb)= c
D 20 B (0]
-lq—l) - § | —
E 15 c | |
S T g ™~
E - c Lambda/Kaon '
o - o 2 enh: (STAR) ,
o @ ——
Q. -
(©) 5 é’) 1 I o % %
..8 B no enhancement
n 0 i B Au+Au 200 GeV, 250M central + 2000M minimum bias events
- B i
= 1 | 1 | 1 | 1 | 1 | 1 | = | | | | L 1
< o 1 2z 8 4 5 6 % 1 2 3 4 5 6
Transverse Momentum p_ (GeV/c) [iiansverseiviomentmig(Gevic)

® Very thin vertexer focussed on reconstructing charm:
® Run 14: does charm flow hydrodynamically?
® Run 15: reference data in p+p 200 GeV

® Run 16: baryonic composition
® Does baryon/meson ratio at intermediate pt behave as p/mtand A/K?

® |f so - need to re-visit the interpretation of the non-photonic electrons due
to different branching ratios than what was expected

*TAR macl@bnl.gov: DIS2012 27
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Forward GEM racker

© Small Business Innovative Research -
(DOE) funded programme (~ $850K) =

® Collaborative effort between Tech-Etch
Inc., BNL, MIT and Yale AT

® Triple GEM Detector
® Coverage:-1<n<?2

® Inner radius: 10.5 cm, outer radius: 39
cm

© GEM foils: Hole inner r: 50 um, outer: 70
um, 140 um pitch

charge(C

® Quoted resolutions in the proposal:

® ~40 um in phi (120 um in R - inclined
tracks) from simulations

kgaln (ADC
(

© Evaluate performance after this run

® FGT partially installed in current run (12)
® 14 out of 24 quadrants installed

ADC-= ped+ charge*gain(x,y,disk)
*TAR macl@bnl.gov: DIS2012 For more details, see B. Surrow, id:113 28
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Physics of the FGT - Quark Helicities

AL E p_)—|—p — W:t-l— X - €i+ X | o e— ]
0.4 STAR /s =500 Gev ]
L 25 < Ef <50 GeV |
0.3 ___Tiéé!
02F V7 - |
S inkianka
0.1F a=p(8-4) i P
NS R o, t+o_
i e W~ W* RHICBOS
; ; — — — DNSK
—0.1E o ... — DNS-KKP
A ) —.- — DSSV08
= ragm CHE
—0.2¢ 2<d 7L> — — —— DSSVO08
—0.3F W+
i e
—0.4F 1
I | | |
) —1 0 1 2
e

STAR Collaboration, PRL 106, 062002 (2011)
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Physics of the FGT - Quark Helicities

® u,d,anti-q helicity distributions Y S ——
obtained thrOUgh AL 0.4F gTAI; 5 =500 GV T
measurements of W= 0 4f 25 < Ef <50 GeV -
o W:—oe++X (11% BR) providesa ~ ,,/ w . |
clean signature with high S
efficiency o1f @) 4=
L . 0, TO_
O} T W- W+ RHICBOS
[ p— --- — DSSVO08
—0-2¢ o) __ — Dssvos
—0.3; W+
i L ]
—0.4¢ 1|
-2 1 0 I 2
He

STAR Collaboration, PRL 106, 062002 (2011)
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Physics of the FGT - Quark Helicities

® u,d,anti-g helicity distributions I
obtained through AL 0.4 gTAl; 5 =500 GV T
measurements of W= (o} 25<Ef<50Gev -

o W:—oe++X (11% BR) providesa  ,,/ w . |
clean signature with high -
efficiency 0.1f o 4= O

@ |nitial measurements of AL utilised O?:-__-—T:_ ____ :':'_"_J; -------- w- wt RHISCBOS
STAR’s barrel and end-cap —oaf T DNSKKP
calorimeters sampled 12 pb! N B

I - - — DSSVO08
© AW-= 0.142£0.19+0.02£0.01 .t 4
: [ ]
W+ — _ i
® AL "= 027 + 01 O + 002 = 003 _0‘4:_ Syst. uncertainty due to background, i
w/0 pol. norm. uncertainty of 9.2%

—2 —1 0 1 2

He
STAR Collaboration, PRL 106, 062002 (2011)
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Physics of the FGT - Quark Helicities

® u,d,anti-q helicity distributions A, 5 - -
obtained through AL 04f ram svoe T
measurements of W= b 25<Ef<50Ge s
o W:—e+X (11% BR) providesa .. = .. | |
clean signature with high B —t—
efficiency o1 | i i
® |nitial measurements of AL utilised ~ °f 1 | w- w* reicsos
STAR’s barrel and end-cap —oaf L T T psKee
calorimeters sampled 12 pb-! I o
T - — —— DSSVO08
© AW-= 014+019+0.02+0.01 _ .} = =4
CF W I e—
© AW+= -0.27 £0.10 £0.02 £ 0.03 _,,} } —
L L=100pb ,P=50%
® Upgrades to add the FGT 5 - . ; ;

significantly improve this
measurement and allow for
charge-sign discrimination

He

STAR Collaboration, PRL 106, 062002 (2011)
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Physics of the FGT - Quark Helicities

® u,d,anti-q helicity distributions A, S - - -
obtained through A. paf LR T ==
measurements of W= 03] 25<EF<50GeV e

© W=—ex+X (11% BR) provides a . AR ﬁ‘
clean signature with high T ——
efficiency 0.1f J | Projected uncertainties

® |nitial measurements of AL utilised OF T we we RHICBOS

STAR,S barrel and end-Cap _0_1;--- T BES:IIEKP
calorimeters sampled 12 pb : ~- —— DSSVos

—0.2 _ CHE

o AW-= 0.14£019£0.02+001 _f | T ==
© AW+= -0.27 £0.10 £ 0.02 £ 0.03 _,} =
L L=300pb ,P=70%
® Upgrades to add the FGT 5 - . i |
significantly improve this e
measu rement and a”QW for STAR Collaboration, PRL 106, 062002 (2011)

charge-sign discrimination
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Muon Telescope Detector

*TAR macl@bnl.gov: DIS2012

580mm
3I8mm |_ﬁmm

I | | 1l.lmm

' |

| | 10.7mm __

[ I 0.25mm

J

............................. 10.limm

-OHO-O-OHO-OH-O-O-O-O-O-CH-O-O-O-OHOHO-OHO-0- OO0 OHO-0-0-0-0 | 10mm

© MTD is a Multi-gap Resistive Plate
Chamber gas detector

® Long MRPCs cover the whole iron bars
- gaps inbetween are not covered

® Acceptance: 45% at Inl<0.5

© 118 modules, 1416 readout strips, 2832
readout channels

® MRPC technology and electronics is the

same as that used in the STAR TOF
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Counts

60
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30
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®© e-J correlations
® Distinguish heavy flavour production from initial lepton pair production

%,

Physics capabilities with the MTD

280 pb™' pp equiv.

1S+2S+3S

1S
2S
3S

background

: .

. 10
u*u invariant mass (GeV/c?)
© MTD can measure muons at mid-rapidity

® di-leptons of a different flavour
® High-precision Upsilons, J/Psi,...
® No Bremsstrahlung tails allows effective separation of Upsilon states
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® Allows a handle on melting of lightly bound Upsilon states in hot and de-confined matter

® S/B ~ 8 with electron pairing and TOF association

*TAR macl@bnl.gov: DIS2012
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Forward instrumentation upgrade concept

proton nucleus

IEEEEEEEE)

~ 6 GEM disks
Tracking: 2.5<n<4

' ‘ / FHC

- W powder HCal

RICH 1/2” Pb radiator
Baryon/meson Shower “max”
separation

Preshower
® Forward instrumentation optimised for p+A and transverse spin physics

i i jm

—— II[1]

E
Ed

® charged particle tracking
® e/h and y/rtdiscrimination
® paryon/meson separation
S TAR macl@bnl.gov: DIS2012 32
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eRHIC - the future of RHIC

eRHIC staging:

All energies scale proportionally
by adding SRF cavities to the
injector and two linacs and
cranking power supplies up

27.55 GeV P ———

3rd detector \

Polarized

12.85 GeV e-gun

7.95 GeV

3.05 GeV

Vertically separated”\
recirculating passes.
# of passes will

be chosen to optimize

eRHIC cost
*TAR macl@bnl.gov: DIS2012
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eSTAR - the future of STAR?

® STAR will need to be optimised/modified for its current
setup for e+A collisions

® 5 GeV electron beams currently being studied with p(A)
energies from 50 GeV to 250(100) GeV

® Key measurements:

® Inclusive scattering over the entire DIS region

®

®

- in e+A - a direct measure of nuc

~oA/FoP - parton distributions in nuc

ear gluon densities
el

® Semi-inclusive DIS over a broad (x,Q2) range
® Flavour-separated parton distributions in nuclel, including

strangeness

® Parton energy loss in cold nuclear matter
© What’s needed?

*TAR macl@bnl.gov: DIS2012
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eSTAR kinematics in phase 1: 5 GeV electrons

5GeVe+50 GeV/nucIeon

C
@) T 08 b 5+50electron .....................
= o = : :
(@) o O 2<11 <3 : : :
(l) © | o° JE.EENCH FGT..
Sl TPC+ BEMC-ijTOF
N W -25<n<-1 : 10
- e i Ee eVl 59
N E | T f ;5%
e I e e,
EL
6
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TPC

Missing today

5 GeV e + 100 GeV/nucleon
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eSTAR kinematics in phase 1: 5 GeV electrons

5GeVe+50 GeV/nucIeon

C -
o S g0 IE, ................. 5+50electron .....................
o £ FEEme ]
) © o’ L EENCHEGT..
= SN TPC+BEMC-TOF |
25< <4 5 : 10.
CL) 2 i- ......... n ............. A o BG40 TPC
a N B A
1 F Missing today
10 _E..I............... .....................................................................................................

5 GeV e + 100 GeV/nucleon

Q? [GeV?)

10% 5+1 00 electron.
. FMS ’
BN EEMC+FGT °

10° - TPC+BEMCATOF

C 2 <n<-1
~4n25'

10°
10
1

107 =

10°®

10° 104 103 102 10" 1

® “Forward” (-2.5 < h < -1) electron acceptance is essential in order to span

the DIS regime
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eSTAR kinematics in phase 1: 5 GeV electrons

5GeVe+50 GeV/nucIeon 5 GeV e + 100 GeV/nucleon

-
@) T 08 b 5+50electron ..................... % 100 5+100 electron
% g o 2<ﬂ<3 : ' ,g FNS :
10° E-EEMC+FGT 10° L | EEEEN EEMC+FGT
= M TPC+BENMC+TOF -_ TZPCHBE';"C TOF 5 3 :
0p) 3-25<n<15 : : 4<n<25 ; ; .
— 2 |— R S --------------------- ------- E [-G VI -------------- %0: 102 = ; Ee[Gevl %0
0 - | | | s TPC 5 | | 283
- : i 1.0,
10 i : :
Missing toda :
‘ B g today
C 10-1 E ................. ..................... /A .......................................... 10-1 ? : :
@) 10° 107 10 107 107 1 10°® 10°° 104 107 102 10 1
" — X X
T L S S—— T el 5+100jet
O 3 = . s 3 3
S % e 2<11<3 = g
10° E-EEMC+FGT © 10° E
CL) SN TPC+BEMCTOF EEMC OF
D T -2. 5 <n<- : g u
— 102E ................. e ..................... ............. E; ,.[.G 1537 EO : 102 £
L . e o E M ¢ d 10
= ISsIng today :
1 'z_ ............... 1L
107 E| """ A i """"" - 107 : 1 1
10° 10° 10* 10° 10 107 1 10° 10° 10 10° 107 10 1

® “Forward” (-2.5 < h < -1) electron acceptance is essential in order to span
the DIS regime

® Both “forward” and “backward” hadron coverage is needed for SIDIS
physics
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eSTAR kinematics in phase-ll: 30 GeV electrons

% otk 30+100electron ., - S oot 3041006t
o = o.t o =
| G FMS 9 - - FMS
O C _ ., EEEE EEMC+FGT O) © M EEMC+FGT
ko)) 10° = TPC+BEMC+TOF D 10° = TPC+BEMC+TOF
6] E_ 2<n<-1 = E_ 2<n<-1
Pl 0 - 4<n<-25 i CD o - 4<n<-25 .
0 : D :
l 10 10
1 e S il SR SR B 1 1 —
107 1 1 1 107 1
10° 107 10° 107 107 10 1 107 107 10° 10° 107 10 1
X X

® With 30 GeV electrons, need very forward coverage
® eSTAR is unsuitable for this energy regime

® Will need a fully comprehensive detector, which
eSTAR can complement in the first phase.
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The realisatior]_ of an eSTAR detecto[

*TAR macl@bnl.gov: DIS2012
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The realisatior]_ of an eSTAR detecto[

. proton/nucleus electron
spaghetti calorimeter
] .
{ 180 B B | Magnet ‘ i
N - - - A
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N | (B n=2
IS ==5 TPC / = [
sec—|| | | SE VA '
| | =5
——— - - —1
= [ | | 11 / +Z
Blue , r’r/’:;,. IP Yellow
w|=z5n i HCal
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The realisatior] of an eSTAR detecto[

® HCal: W pOWder, proton/nucleus | electron /

spaghetti calorimeter

® GCT: compact tracker LT -
with enhanced o

electron capability

® combine high-
threshold (gas)
Cherenkov with TPC- 11

like tracking

+y A

=
== n=2
TPC = [
‘
|
|
|

-
BBC —|| | | ==
‘ =t

Yellow

HCal

P
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The realisatior] of an eSTAR detecto[

® HCaI: W_pOWd_er, proton/nucleus electron
spaghetti calorimeter

© GCT: compact tracker
with enhanced
electron capability

® combine high-
threshold (gas) =zs
Cherenkov with TPC- ~— [ ==

Magnet
| BEMC

TPC / ==

- .t il

n=2

BBC —»|

Yellow

. . Blue
like tracking HCal
® TPC: replace inner
sectors East
® make a greater 1 i B B g 28 T
density of pad rows = —
) 11
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The realisatior]_ of an eSTAR detecto_r

® HCaI: W_pOWd_er, proton/nucleus electron
spaghetti calorimeter
© GCT: compact tracker N TOF AL Meanet H_JL ]}
with enhanced B =/
electron capability ECal | f*\ o /g : n=2
© combine high- B TPC is. 4y} 1zE;
threshold (gas) ‘W | ==
Cherenkov with TPC- 11 11—+ GCT | =
like trackin - Bl=EE . = ellow
’ ai| = e s HCal
e TPC: replace inner S L
SeCtO I'S East = - = ;__;::::\ West
© make a greater pnE R R n
density of pad rows B= —
© TOF: m, Ki.d., to, i o
electron
® ECal: electrons,
photons
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The realisatior]_ of an eSTAR detecto[

© HCal: W powder,
spaghetti calorimeter

© GCT: compact tracker

with enhanced

electron capability

® combine high-
threshold (gas) °
Cherenkov with TPC- ~—»
like tracking -

® TPC: replace inner
sectors East

® make a greater
density of pad rows

© TOF: 1, Ki.d., to,
electron

@ ECal: electrons,

ECal [

proton/nucleus electron
EEEEEEeEe) |
- | _
d { - Ma net : :.
okt TOF A ragnet -4
BEMC
= a==
=1 P‘-ZZ n=2
= TPC = [
B TPC i.s. 4y i
|| = |
‘ - 11 |
=t [
(MY ———= P Yellow
I ' » HCal
|- —| EEMC
| I== .
== West
= g - \ S
‘}_‘4_‘ . L e L ‘A; g :]

R&D ongoing thanks to BNL-directed

photons EIC generic detector R&D funds
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New Calorimeter R&D

SPACAL Type

© Requirements:

o Efficient 10 reconstruction
h — at 100 GeV

® Good y/m0 discrimination

W
v
Y
NN
nnnnnn
nnnnnnn
NN INHHRS
.....................
llllllllll
............
nnnnn

® (Good e/h separation
(~1000) with high electron
efficiency

® Reasonable energy
resolution for jets and
single hadrons

® Provide trigger (high
tower...)

® Fit into available space

® Readout insensitive to
magnetic field
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New Calorimeter R&D

SPACAL Type
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® Solution
e W powder, fibre readout
© Tm X 1Tm x 2m detector with ~ 3Kk
readout channels, weight ~ 20 tonnes
e Compact Hadronic and EM
calorimeter

*fAR macl@bnl.gov: DIS2012

© Requirements:

® Efficient 119 reconstruction
at 100 GeV

® Good y/m0 discrimination

® (Good e/h separation
(~1000) with high electron
efficiency

® Reasonable energy
resolution for jets and
single hadrons

® Provide trigger (high
tower...)

® Fit into available space

® Readout insensitive to
magnetic field
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New Calorimeter R&D
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— o/\NE =2.7% f( ) DREAM
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‘Q\‘S 16 HELIOS [ e
il UA2 [
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) T RDY S00um @2 RD3 Accordion
B 8 RD11€61@ A SLD
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SPAKEBAB [ o e Fibors
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Lead Glass

*fAR macl@bnl.gov: DIS2012

Not just an idea on paper...

Movable Platform

QDA COAND
DFACURN

-pACAL

ION Veto Scl Sc2

’

-ImN

Thershold Cherenkov

Beam

il O

Hodoscope XY

DAQ

Lead Glass

Recofigured EMCs for second week.

SPACAL

.

Beam

T-1018, FNAL
MT6 beam line
Jan 18-31
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Not just an idea on paper...

Movable Platform

Lead Glass SPACORDION v, ¢ Sc2

-ImN

’

Thershold Cherenkov

Beam

-
Hodoscope XY

T-1018, FNAL

Recofigured EMCs for second week. M I 6 beal I l Ilne

ACAL
DAQ Lead Glass

e Jan 18-31

It works!!

@ Resolution is close to
what is expected
(~12% at 1 GeV)

Resolution (%)

e Light yield is very good
(~ 4000 Phe/GeV)

*TAR macl@bnl.gov: DIS2012

SPACAL resolutions, averaged over 4 Channels, 6./ E = (aNE)+b

—
(o)}

: SPACAL resolutions vs 1/sqrt(E)o. /E=a/VE+b
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Example physics: parton energy loss in cold QCD matter
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© HERMES: limited range in v

®

® eR

®
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nadrons form partially inside the medium
HIC: large range in v (Lc up to a few 100 fm)
ight quarks form well outside the medium

® also ability to explore heavy-quark formation

® Day-1 measurement for e+A

*TAR macl@bnl.gov: DIS2012
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Summary and Conclusions

© STAR has completed it’s first decade of physics with
exciting and unexpected results

® A strongly coupled plasma is formed in heavy-ion
collisions, creating a perfect liquid

® STAR has a clear path of upgrades to build on the
physics already learned, together with the upgrades of
the machine

® New detectors, new electronics

® In the long term (STAR’s 3 decade), a role is foreseen
for STAR — eSTAR

© STAR has an active eSTAR task force

® Calorimetry R&D progressing with test beam at FNAL
in January 2012
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Near term Mid-decade Long term
(Runs 11-13) (Runs 14-16) (Runs 17-)
Colliding systems p+p, A+A p+p, A+A p+p, p+A, A+A,
e+p, e+A
Upgrades FGT, FHC, RP, HFT, MTD, Forward Instrum,
DAQI10K, Trigger Trigger eSTAR, Trigger
(1) Properties of sQGP T,J/Y — ee, T,J/Y— pp, p+A comparison
Mee, V2 Charm v, Rop,
Charm corr,
A./D ratio,
p-atoms
(2) Mechanism of Jets, vy-jet, Charm, Jets in CNM,
energy loss NPE Bottom SIDIS,
¢/bin CNM
(3) QCD critical point Fluctuations, Focused study of
correlations, critical point region
particle ratios
(4) Novel symmetries Azimuthal corr, € — jL COIT,
spectral function [l — jL COTT
(5) Exotic particles Heavy anti-matter,
glueballs
(6) Proton spin structure W Ap, A Dpr/Drr,
jet and di-jet A;;, polarized DIS,
intra-jet corr, polarized SIDIS
(A+A) Dy /Dpr
(7) QCD beyond collinear Forward Ay Drell-Yan,
factorization F-F corr,
polarized SIDIS
(8) Properties of Charm corr,
initial state Drell-Yan, J/v,
F-F corr,

A, DIS, SIDIS

*TAR macl@ ===
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BACKUP SLIDES



EBIS



RHIC Upgrades - EBIS Source

Electron .

Superconducting Collector

Solenoid (6 T)

Drift Tube Structure " Tube

® EBIS advantages:
® Low cost/maintenance, modern

® Can produce any ion (e.g.
3HeT, U)

® Fast switching between species
sAR macl@bnl.gov: DIS2012

. Acceleration |

|| SPUTTER |
! EBIS B NI SOURCE
1.7 emA, 10 usé Au’, 100uA, 700us
N : I
RFQ TANDEM  stripper
T e
1 ___ Stripper
L?l&Ahév Al? 2+. 30 euA, 700 us
AP 15emA 10us "} BOOSTER

/ 4 pulses

NASA Space Ny

Radiation Lab AGS
15 pulses
Stripper
| l Au79+
[ Ly
RHIC 10%ions/bunch
) 60 bunches/ring
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FGT



Physics of the FGT - Quark Helicities

*TAR macl@bnl.gov: DIS2012 For more details, see B. Surrow, id:113 49
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Physics of the FGT - Quark Helicities

ii e
polarized \_ |~
beam U
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Physics of the FGT - Quark Helicities

pa .
g <
polarized @ ~’ unpolarized
beam v o beam
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Physics of the FGT - Quark Helicities

*fAR macl@bnl.gov: DIS2012 For more details, see B. Surrow, id:113 49
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Physics of the FGT - Quark Helicities

probing e-
d K

quar

I N
w # W~ @ |
polarized @ unpolarized

beam beam

*TAR macl@bnl.gov: DIS2012 For more details, see B. Surrow, id:113

49


mailto:macl@bnl.gov
mailto:macl@bnl.gov

Physics of the FGT - Quark Helicities

probing probing

 quark y
. \ # W- h .

polarized unpolarized

beam beam

e-
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Physics of the FGT - Quark Helicities

e_

probing
quark sum (U+d)
probing probing
U quark d quark
. \ # W- h '
polarized unpolarized

beam beam

e-
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Physics of the FGT - Quark Helicities

® u,d,anti-q hehth distributions
obtamed throu
measurements of W+

© Wx—e++X (11% BR) provides a
clean signature with high
efficiency

*TAR macl@bnl.gov: DIS2012 For more details, see B. Surrow, id:113 49
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Physics of the FGT - Quark Helicities

® u,d,anti-q hehth distributions
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Physics of the FGT - Quark Helicities

® u,d,anti-q hehth distributions
obtamed throu
measurements of W+

© Wx—e++X (11% BR) provides a
clean signature with high
efficiency

*TAR macl@bnl.gov: DIS2012 For more details, see B. Surrow, id:113 49



mailto:macl@bnl.gov
mailto:macl@bnl.gov

FGT Overview

8 FGT Quarter section layout

Readout

module ?
Pressure
volume
Terminator / i
board
HV board
2D readout
board
GEM layer's (1-3) Interconnect
board
Pressure HV layer

volume
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FGT Technical realization / Design
® Overview FGT Layout

!/
/
|

o FGT: 6 light-weight disks
o Each disk consists of 4 triple-GEM chambers (Quarter sections)

*TAR macl@bnl.gov: DIS2012
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0 Triple-GEM: Quarter section / Disk designh (2)

Component Material Radiation Length [%]

. Support plate 5 mm Nomex 0.040

: 2x250 um FR4 0.257

HYV layer 5 pm Cu 0.035

50 um Kapton 0.017

GEM foils 6x5 um Cu (70%) 0.147

_ | | o %’ 3x50 um Kapton (70%) 0.036

;?‘ el e & 3 Readout 5 um Cu (20%) 0.007

= ol 2| 2| 8 50 um Kapton (20%) 0.003

Sl 6| © o '

8 5 um Cu (88%) 0.031

50 um Kapton 0.017

5 um Cu (10%) 0.004

5 um Cu (10%) 0.004

Drift gas 10 mm CO2 (30%) 0.002

10 mm Ar (70%) 0.006

FGT Technical realization / Layout

Total 0.606
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® Snapshot of FGT raw performance (Run 12

Ready for
data taking in
Runl12

FGT Performance - Run 12

Disk |

Pedestal

Signal

[ Assembly 1DA with RDO:1, ARM:0, group:0 |

|
768 896 10

128 256 384

512 640
X=APV*128+chan

[ Assembly 1BC with RDO:2, ARM:0, group:0 |

{ :u mi#, .

i i
128 256 384

i i i I i
512 640 768 896 1024 1152 1280
X=APV*128+chan

[ Assembly 1CD with RDO:2, ARM:0, group:1 |

2000
s

g

It ¥ W
i i i i i
128 256 384 512 640 768 896 1024 1152 1280
X=APV*128+chan

| Assembly 1AB with RDO:1, ARM:0, group:1 |

21000
s

10?

10 10

1

128 256 384 512 640 768 896 1024 1152 1280

X=APV*128+chan
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Summary / Outlook

® Summary

© Extensive R&D period:

@ Commercial GEM foil production by Tech-Etch Inc. (SBIR funding)
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Summary / Outlook

® Summary

© Extensive R&D period:

@ Commercial GEM foil production by Tech-Etch Inc. (SBIR funding)
@ Optical CCD scan
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Summary / Outlook

® Summary

© Extensive R&D period:

@ Commercial GEM foil production by Tech-Etch Inc. (SBIR funding)
@ Optical CCD scan

® 2D readout board (Layout and foil) / Commercial production by Tech-
Etch Inc. (SBIR funding)
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Summary / Outlook

® Summary

© Extensive R&D period:

@ Commercial GEM foil production by Tech-Etch Inc. (SBIR funding)
@ Optical CCD scan

® 2D readout board (Layout and foil) / Commercial production by Tech-
Etch Inc. (SBIR funding)

® FEE design (BGA concept / Multi-pin connector)
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Summary / Outlook

® Summary

© Extensive R&D period:

@ Commercial GEM foil production by Tech-Etch Inc. (SBIR funding)
@ Optical CCD scan

® 2D readout board (Layout and foil) / Commercial production by Tech-
Etch Inc. (SBIR funding)

® FEE design (BGA concept / Multi-pin connector)

®  Strong interest to use FGT technology for future applications at BNL / JLab / LHC
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Summary / Outlook

® Summary

Extensive R&D period:

@ Commercial GEM foil production by Tech-Etch Inc. (SBIR funding)
@ Optical CCD scan

® 2D readout board (Layout and foil) / Commercial production by Tech-
Etch Inc. (SBIR funding)

® FEE design (BGA concept / Multi-pin connector)

®  Strong interest to use FGT technology for future applications at BNL / JLab / LHC

Partial installation in summer 2012 (14/24 quarter sections)
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Summary / Outlook

® Summary

© Extensive R&D period:

@ Commercial GEM foil production by Tech-Etch Inc. (SBIR funding)
@ Optical CCD scan

® 2D readout board (Layout and foil) / Commercial production by Tech-
Etch Inc. (SBIR funding)

® FEE design (BGA concept / Multi-pin connector)

®  Strong interest to use FGT technology for future applications at BNL / JLab / LHC

®  Partial installation in summer 2012 (14/24 quarter sections)

® Qutlook
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Summary / Outlook

® Summary

Extensive R&D period:

@ Commercial GEM foil production by Tech-Etch Inc. (SBIR funding)
@ Optical CCD scan

® 2D readout board (Layout and foil) / Commercial production by Tech-
Etch Inc. (SBIR funding)

® FEE design (BGA concept / Multi-pin connector)

Strong interest to use FGT technology for future applications at BNL / JLab / LHC

Partial installation in summer 2012 (14/24 quarter sections)

® Qutlook

Completion of assembly and installation in spring / summer 2012
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Summary / Outlook

® Summary

© Extensive R&D period:

@ Commercial GEM foil production by Tech-Etch Inc. (SBIR funding)
@ Optical CCD scan

® 2D readout board (Layout and foil) / Commercial production by Tech-
Etch Inc. (SBIR funding)

® FEE design (BGA concept / Multi-pin connectc

®  Strong interest to use FGT technology for future applications at BNL / JLab / LHC

®  Partial installation in summer 2012 (14/24 quarter sections)

® Qutlook

®  Completion of assembly and installation in spring / summer 2012

\{ﬁ R110cm

®  Extension of FGT type design to larger size / Segment
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Summary / Outlook

® Summary

© Extensive R&D period:

@ Commercial GEM foil production by Tech-Etch Inc. (SBIR funding)
@ Optical CCD scan

® 2D readout board (Layout and foil) / Commercial production by Tech-
Etch Inc. (SBIR funding)

© FEE design (BGA concept / Multi-pin connectc

®  Strong interest to use FGT technology for future applications at BNL / JLab / LHC

®  Partial installation in summer 2012 (14/24 quarter sections)

® Qutlook

®  Completion of assembly and installation in spring / summer 2012

\{ﬁ R110cm

®  Extension of FGT type design to larger size / Segment

®  Dedicated DOE R&D proposal between Saclay / Temple University

L /RlOom
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Summary / Outlook

® Summary

© Extensive R&D period:

@ Commercial GEM foil production by Tech-Etch Inc. (SBIR funding)
@ Optical CCD scan

® 2D readout board (Layout and foil) / Commercial production by Tech-
Etch Inc. (SBIR funding)

® FEE design (BGA concept / Multi-pin connectc

®  Strong interest to use FGT technology for future applications at BNL / JLab / LHC

®  Partial installation in summer 2012 (14/24 quarter sections)

® Qutlook

®  Completion of assembly and installation in spring / summer 2012
®  Extension of FGT type design to larger size / Segment

®  Dedicated DOE R&D proposal between Sarlav / Tamnla I Inivarcity

Looking forward to long-term

collaboration with Saclay |
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Strong Elliptic Flow

o9

10

y (fm)

—~10} Au+Au at b=7 fm

-10 -5
Initial Interactions Fiqal state .
spatial | anisotropy in
anisotropy momentum
space

Use a Fourier expansion to
describe the angular
dependence of the particle
density

*TAR macl@bnl.gov: DIS2012

d°N 1 d°’N (

E Op " 2 pdp wcos[n(@)])

Fourier coefficient

Angle of reaction plane
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Strong Elliptic Flow

Initial Interactions . .

spatial : anisotropy in

anisotropy momentum
space

Au+Au at b=7 fm

Final state

P. Kolb, J. Sollfrank, and U. Heinz

10

*fAR macl@bnl.gov: DIS2012
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—~10} Au+Au at b=7 fm

-10

-5

10

® driving spatial anisotropy vanishes

=> self quenching

® V, — sensitive to early interactions

and pressure gradients
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Strong Elliptic Flow

1.67 , , :
i . 3177 %
140, s 10-31 %

Normalized Counts

0.4! ‘ : : : :
0 0.5 1 1.5 2 2.5

q)Iab-lpplane

“PETAR maci@bnl.gov: DIS2012

3
(rad)

—~10} Au+Au at b=7 fm

-10 -5 0 5

10

Huge asymmetry found at

RHIC !!
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Strong Elliptic Flow

~ O°1 REEEE LR L L L B B
= - — EOS with phase transition
N - .--- Hadron gas EOS
> 0.08
0.06 - @+
= Ap+p
0.04
0.02F ’
0 bl
0 0.2 04 0.6 0.8 1
. p, [GeV/c]

Rlﬁlﬁ MaCiWoni.gov. Io4LVil 4

-10} Au+Au at b=7 fm
-10 -5 0 5 10

® v, shows particle type
dependence

® Good agreement between data
and 1deal (zero viscosity)
hydrodynamics
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Exotic particle search with STAR

Science 328, 58 (2010)

By utilising the high anti-baryon density and temperature of A+A collisions,
coupled with special high-level trigger algorithms, have been able to find:

® 3%H - 2010

S TAR macl@bnl.gov: DIS2012 58
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Exotic particle search with STAR
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Nature 473, 353

, 58 (2010)

328

Science

® By utilising the high anti-baryon density and temperature of A+A collisions,

ind

have been able to f

coupled with special high-level trigger algorithms

® 3xH - 2010

© 4He - 2011
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1/B

O 4E/dx

The search for exotic particles

0
Mass 2(GeV/c?)’
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- AT Sa00f
) 'l..',.’, N 5 3 : 1.2<p,<1.4 GeV/c
e T T ©300F
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'
......................
T
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mass?/Z? (GeV/c?)?

® By utilising STAR upgrades
(both DAQ rate and
detectors), have been able
to search for exotic particles

® Combining TPC and TOF
PID techniques, get clean
PID out to relatively large pr

® By measuring Node/dx - the
deviation from the expected
energy loss of anti-*He -
can separate well the heavy
nuclei produced

® Currently measured 18
counts of anti-4He.
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The search for exotic particles

naturec 473, 353 (2011)

v R ame
; Hei("He) : ‘
10%F ,5’51 E

''''''''''''''''

2 2.5 3 4 4.5

~ Mass (GeV/c?)

80

- o[ \ A e
Negative Particles/ /: \- A: Positive Particles

( dE/dx ) (KeV/cm)

p/IZI (GeV/c)
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The search for exotic particles

nature 47s, 353 (2011) . L
————  © Very clean identification

I "He{('He) ; after searching > 5x108
‘”e,' ad: 5 - ; tracks from 107 Au+Au
3 10l efe 1 collisions!!
O | ' *

TN 11—

2 2.5 3 3.5 4 4.5

Mass (GeV/c?)
80

Negative Particles/ [: "\ <\. Positive Particles

( dE/dx ) (KeV/cm)

p/IZI (GeV/c)
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The search for exotic particles

naturec 473, 353 (2011)

He (3H_e)
o 102+ T 5
e 5 i :
g K T ‘ ‘§(4He)
O 10: E
0 E RS e : B
2 2.5 3 3.5 4 4.5

" Mass (GeV/c?)

10° l T POl | I
" p o P
107!
107 _
&, 1 0-3 d .(). d
= 4 A5
o 10 . i 3
107
- — :' 4
1 O_g 4He t," He
10710
- | | l | l
-6 6

-4 -2 0 2 4
Baryon Number

c?/GeV?)

dy

d?N/2mp

® Very clean identification
after searching > 5x108
tracks from 107 Au+Au
collisions!!

® Production rate reduces by
a factor of 1.6x1023 (1.1x109)
for each additional anti-
nucleon (nucleon) added to
the anti-nucleus (nucleus).

® Searching for heavier anti-
nuclei becomes
problematic due to
required statistics

® There are ideas and
searches which can be
Iqlc())n)e here (DAQ10K,
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Flexibility: Critical Point Search

2001GeV

Temperature (MeV)

0 250 500 750 1000

Baryon Chemical Potential ji (MeV)

*TAR macl@bnl.gov: DIS2012

® Phase 1: 2010, 2011

® ~5 million events per
energy and more already
taken

® Fluctuations, constituent
quark scaling, HBT...

® Phase 2: 2014 and beyond

® Luminosity improvement

with electron cooling at
RHIC

® Scan to even lower
energies

® Increase event counts at
energies already
scanned
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_Flexibility: Critical Pomt Search

Collision Energles

(GeV)| 5 7.7 11.5 19 6 27 39
Mevents taken (2010/11) ~5 ~11 ~17 ~37 ~170
Observables Millions of Events Needed
v, (up to ~1.5 GeV/c) 0.3 0.2 0.1 0.1/ 0.1 0.1
V, 0.5 0.5 0.5 0.5| 0.5| 0.5
Azimuthally sensitive HBT 4 4 3.5 3.5 3 3
PID fluctuations (K/p) 1 1 1 1 1 1
net-proton kurtosis 5 5 5 5 5 5
differential corr & fluct vs.
centrality (e.qg. bal. fctn) 4 5 5 5 5 5
n, scaling p/K/p/L (m+-
m,)/n<2GeV 8.5 6 5 5( 4.5 4.5
f/W up to p;/n,=2 GeV/c 56 25 18 13 12
Rcp up to p; ~4.5 GeV/c
(at 17.3) 5.5 (at 27) & 6
GeV/c (at 39) 15 33 24
untriggered ridge
correlations 27 13 8 6 6

5 5 5 5 5

*TA parity violation
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Perfect Liquid



How perfect is the “perfect” liquid?

/]
Conjectured quantum limat: N 2 — (Entropy Density) = —:

4 4
(y? — x?)
(y? + 2°)

h

Ideal hydro v, « spatial eccentricity &: € =

v2/€ 18 a sensitive probe of the system: Vo

(S 1s transverse area of collision, h 1s 1deal hydro limit — = 1 dN

of vo/e and Bocn/s) € 1 T B/(§ _y)

*TAR macl@bnl.gov: DIS2012 65
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How perfect is the “perfect” liquid?

fi

Conjectured quantum limat: 12 E (Entropy Density) = ES

< 2

y? — x?)
(y? + 22)
h

Ideal hydro v, « spatial eccentricity &: € =

v2/€ 18 a sensitive probe of the system: Vo

(S 1s transverse area of collision, h 1s 1deal hydro limit — =

o 1 dN
of vo/e and Bocn/s) € 1 + B/(§ _y)

> ' I I

06 AUTAU

— Glauber not saturated
- — KLN (CGC) saturated

w

0.4

0.2-

Kuhlman, Heinz, and
Kovchegov, PLB838,171

o 2 4 6 8 10 12
b (fm)

ECGC - EGlauber
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How perfect is the “perfect” quuid;l?

Conjectured quantum limit: N = — (Entropy Density) = —s
4 4
2 2
. o (y* — z*)
Ideal hydro v, « spatial eccentricity &: € =
2 2
(y? +
v2/€ 18 a sensitive probe of the system: v A
(S 1s transverse area of collision, h 1s 1ideal hydro limit . — |+ B / ( 14N )
of va/e and Bxn/s) S dy
> 06 AUTAU
& e e e etangara |~ 0> CGC — Glauber not saturated
= 04l s {{{}{}{'}’ e o = o4k . — KLN (CGC) saturated

_APHOBOS czc  {v{Trk}, part. e} L 04l
0.3:— 0.3:—
0.2f A 2f

: B 0.2
0'1:_ ':Pf lauber Kuhlman, Heinz, and

01072073040 50 60" 0 10 2030 40 50 60 | fovenegon PLESSBITI

1/S dN/dy (fm2) 1/S dN/dy (fm2) % > 4 6 8 10 12
b (fm)

ECGC - EGlauber
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How perfect is the “perfect” quuid;l?

Conjectured quantum limait: M = — (Entropy Density) = —s
4 4t
. . (y? — x%)
Ideal hydro v, « spatial eccentricity &: € =
2 2
(y? +
v2/€ 1s a sensitive probe of the system: v N
(S 1s transverse area of collision, h 1s 1ideal hydro limit — = | p/(LdN
of vo/e and Bxn/s) ¢ T /(§ dy
Glauber CGC
[T o STAR non flow corrected (es0)] »
20‘_ ® STAR event-plane - _‘ . 2 §¥g 23;2;‘1’;;;)11'90“(1 (est). n/s=0.08
! 20000 ® _ee® 1/5=0.08 ™ %00
= ® *® ’0 = o”'..
S oo T e irose
%\'10— ..0'.00 .  n " " w [NW/s=0.16 ?10 f’ gooc’o ° 1/5=0.16

(@)
.‘ ] . @ &)O

(@)
OO

W
T T T
]
L

0 1 ] 1 ] 1 ] 1 0 -
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How perfect is the “perfect” liquid?

, N
Conjectured quantum limat: M = — (Entropy Density) = —s

dn 4
( 9

y? — x?)
(y? + 22)
h

Ideal hydro v, « spatial eccentricity &: € =

v2/€ 18 a sensitive probe of the system: Vo

(S 1s transverse area of collision, h 1s 1deal hydro limit — = 1 dN

of vo/e and Bocn/s) € 1 + B/(§ _y)

: (CGOC) Glaub -
(Glauber) * = STAR Chg. v, (2009)
)= PHENIX v, WWND09 :

P on/s well below superfluid

er et al. PRC76 024905 (2007)
(CGC) (Glauber)

STARp, correiation (2009) ™ I I f : r E I I : | | E
Gavin & Abdel-Aziz, PRL 97 162302 (2006) .
(p, correlation) (number de .

0
p n nsity correlation)
Hydro. calculations, Song SQM08, Heinz WWNDO09

P. Romatschke & U. Romatschke, PRL 99 172301 (2007) @ C a. n ,t yet d i Sti n g u i S h

PHENIX PRL 98 172301 (2007)

: bet initial diti
Hees et al., arXiv:0808.3710 o E e We e n I n I I a CO n I I O n S
H. Mi’\:er, F(’_IBB 17%51 _IQC1)7O1 (R) (2007) [Lattice QCD] :

l_ L}
T - '
oo o ! - need e+A at an EIC
Demir & Bass, arXiv:0812.2422 (2009) [hadron gas] T = u

o 2 4 6 8 10 12

4t /s
STAR macl@bnlgov: DIS2012 65
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Calorimeters



Barrel EMC

® 120 modules Pb/plastic sampling
calorimeter

® Coverage:-1<n<1;
® dE/E ~ 14%MNE

® 4.8k towers (40/module), 36k SMD
strips, 4.8k preshowers
© (An,Ad):
® module: ~ (1.0,0.1); depth =21 Xo |
o tower: ~ (0.05,0.05) Fn” -
® SMD at a depth 5 Xo: -
® (An,Ad) ~ (0.007,0.007)
® (F:jrespho;vir:)first 2 scintillator layers i
e 0 —
*TAR :acl@bnl.gov: DIS2012 :rﬁ\-er
X ~ . ,

HEEHHEHHAHE

~-.-:----:‘I“-’E"'*""
‘ $
3

T
.......................
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Endcap EMC

® Mounted on the inside of the west
magnet poletip (~2.7m from nominal
interaction point)

® Same technology as BEMC
© Coverage:1<n<2;
© dE/E ~ 16%/NE
© 23 layers Pb/SS laminate
® 720 projective towers (24 layers)
® 6°and 12° megatile: ~ 100% coverage
® (An,A¢) tower ~ (0.057-0.099,0.01):

)
A f//{,llII&IIJIIIIIIIIIIIIIIIIIIA A

tie-rods

® Depth segmentation: TS

® 2 separate pre-shower layers HHH SS
. .. . n Iy

® high position resolution SMD at 5 X0 /g;gwér/ P /P'a‘e

® 6912 triangular-shaped scint strips; e 11090 SMD

base 10mm, helght 7mm Megatile segmentation Pb/SS <
€, 97 Gy 0 : 0 30° mechanical plastic gﬁ(S):er

® Ol:/ érl\é Iostereo planes in 30° sectors w/ subsectors & cintillator

® Postshower 24t [ayer

*TAR macl@bnl.gov: DIS2012
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Endcap EMC

® Mounted on the inside of the west
magnet poletip (~2.7m from nominal
interaction point)

® Same technology as BEMC
© Coverage:1<n<2;
© dE/E ~ 16%/NE
© 23 layers Pb/SS laminate
® 720 projective towers (24 layers)
® 6°and 12° megatile: ~ 100% coverage
® (An,A¢) tower ~ (0.057-0.099,0.01):
® Depth segmentation:

30°

217 cm radius

wavelength-
shifting fiber

® 2 separate pre-shower layers __ ., 7_L
® high position resolution SMD at 5 X0 \ 0 1

plastic scint.

® 6912 triangular-shaped scint strips; extruded strips)

base 10mm, height 7mm Y 577 em

radius

® “u”, “v” stereo planes in 30° sectors w/
overlap

® Postshower 24t [ayer
*TAR macl@bnl.gov: DIS2012 69
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Forward Meson Spectrometer

® Hermetic EMC with finely
segmented Pb-glass detectors

® Mixture of re-cycled parts from B
E831(FNAL), IHEP and JLAB gioo

® Avery green detector!
® 7.5 m west of the interaction point in

STAR L

® 2 m square, 1264 cell Pb-glass
array

®© small cells (476 total):
® 3.8 cm square x 60.2 cm;
® TV/y to 60 GeV
® large cells (788 total):
® 5.8 cm square x 45 cm;
® TV/y to 40 GeV

*fAR macl@bnl.gov: DIS2012
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SPACAL

® Tungsten powder used as absorber

® Particle size distribution 90% between 40 and 150
microns

® Bulk density: 18.5 g/cm3
® Tap densityL 11.25 g/cm3

® Chemical composition:
® W > 99.3%

® Fe <0.05%, Ni <0.05%, O2 < 0.5% Others (Co, Mo,
Cu, Cr)

® Fast and cheap
e Can get as low as 6%/VE

*TAR macl@bnl.gov: DIS2012 71



mailto:macl@bnl.gov
mailto:macl@bnl.gov

SPACAL

[ W/ScFi ]
/ \ 4
@PACORDION] SPACAL ]

N
| |

Wiggled fibers Straight Fibers

Tower made from few sub—assemblies Two towers made at once, | €=

Bundled fibers on—bundled fibers.

Ver. 2004 Ver. 2011 Ver. 2011
I I I

Two sub—assemblies Four sub—assemblies FOI"' towers readout by
Light guide to match No Light guide . smgl.e PMT. . _ .
APD (4.9 mm x 4.9 mm) 14 mm x 14 mm Long light guide with mirror pipe.
W powder ("PLUS") W powder ("ULTRA") Mirror will be sputteredby FNAL

Mirror glued with BC600 Mirror glued (Silgard 184 Optical coupling BC-630
Optical coupling GE silicone Optical coupling BC-630 W powder ("ULTRA")

Perforated meshes (.88 mm center to center, Precision meshes by PHOTOFAB Imm
BCF 12 fibers, 0.33 mm diameter. center to center. KURARAY SCFS =78,
0.47 mm diameter.

*TAR macl@bnl.gov: DIS2012 72
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SPACAL

24 ZEUS (Pb) [
mm
— O/\VE =2.7%\ [${mm) DREAM
20) samp
0 ZEUS (U)
—
O HELIOS [
T 16 g
@ 19 ® SPACAL
X our goal
€Q T T RDA 500upv@2  RD3 Accordion
B 8 | RD1 161@ A SLD
JETSET
SPAKEBAB L ° ® Fibers
4 O Sci plates
A LAr
() L | 1 1 1 | | L
0 2 4 6 8 10

\/d/j;ump (mm)l .
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® Trade-off between
EM and hadronic
calorimeters

e ZEUS: high-
resolution
hadronic

calorimeter —
18%/E EMCal

® Small sampling
fraction — large
sampling
fluctuations
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SPACAL

Energy resolution (%)
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RHIC luminosity vs energy
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Forward GEM Tracker

o .
-
~
4 \
A

@ Small Business Innovative Research £ Py
(DOE) funded programme (~ $850K) i_\. 8 s

® Collaborative effort between Tech-Etch
Inc., BNL, MIT and Yale

® Triple GEM Detector
®© Coverage: -1 <n<?2

® Inner radius: 10.5 cm, outer radius: 39
cm

© GEM foils: Hole inner r: 50 um, outer: 70 31
Lm, 140 LM pltCh GEM |

charge(C

® Quoted resolutions in the proposal:

® ~40 um in phi (120 um in R - inclined
tracks) from simulations

\galn (ADC
(

® Evaluate performance after this run

® FGT partially installed in current run (12)
® 14 out of 24 quadrants installed J

ADC-= ped+ charge*gain(x,y,disk)
*fAR macl@bnl.gov: DIS2012 For more details, see B. Surrow, id:113 77
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TPC Inner Sector

Outer Pads
= 8.2 mm x 19.5 mm « 24 sectors

= Total of 3,940 Pads . 12 on eaCh

6.7 x 20mm Centers

- side
2ie Inner Pads B Large padS

285 mm x 11,5 mm

Total of 1,750 Pads for QOOd
dE/dx

. resolution
\ in the Outer
sector
- Small pads
for good
two track

11
i

s BT

resolution
in the inner
sector

: 60 cm
S== — e

190 cm
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How to measure high-pT processes

® Single particle spectra R 14

Yield(A+ A 12f

Raalpr) = — ( ) 10f

Yield(p 4+ p)x < Neoyy > os

Raa(pt) = Nuclear Modification Factor .f
® 2-particle correlations oo

Tranverse Momentum (GeV/c)

Py (Gevre)
4

3
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How to measure high-pT processes

® Single particle spectra R 14
Yield(A+ A) 12
R — — of
AA(pT) Yzeld(p +p)>< < Neoip > ;ZZ
Raa(pt) = Nuclear Modification Factor zj
02f
® 2-particle correlations 00—
Tranverse Momentum (GeV/c)
Q / Parton
> ] ] ] ]
g‘i Y AT
Q0 | A
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How to measure high-pT processes

® Single particle spectra R 14
Yield(A+ A) 12
R = — of
AA(pT) Yzeld(p +p)>< < Neoip > ;ZZ
Raa(pt) = Nuclear Modification Factor zj
02
® 2-particle correlations 00—
Tranverse Momentum (GeV/c)
o Parton
% | |
S
QU T/ O T
Q. | E r
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How to measure high-pT processes

® Single particle spectra R 14
Yield(A+ A) 12
R = — of
AA(pT) Yzeld(p +p)>< < Neoip > ;ZZ
Raa(pT) = Nuclear Modification Factor ,f
02f
® 2-particle correlations e M B
Tranverse Momentum (GeV/c)
o Parton
> .
<
Q. - SN
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How to measure high-pT processes

® Single particle spectra R 14
Yield(A+ A) 12
R = — of
AA(pT) Yzeld(p +p)>< < Neoip > ;ZZ
Raa(pT) = Nuclear Modification Factor ,f
02f
® 2-particle correlations e M B
Tranverse Momentum (GeV/c)
o Parton
> .
<
Q. - SN
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