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iiL{AR RHIC: eight key unanswered questions

Hot QCD

Matter

Partonic structure

200 GeV

Temperature (MeV)

(}] 250 500 750 1000

Baryon Chemical Potential ;5 (MeV)

6: Spin structure of the nucleon
7: How to go beyond leading twist
and collinear factorization?

)
T Q, (1) Qg(‘c)/AZ

Non-linear «——/—— Linear

Parton Gas

T, (k. )

1: Properties of the sQGP

2: Mechanism of energy loss:
weak or strong coupling?

BEFKL

DGLAP

: -
3: Is there a critical point, and if so, where? nA®  Ink? nQ?

4: Novel symmetry properties

5: Exotic particles

6/28/12

8: What are the properties of
cold nuclear matter?
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iﬁhn Summary of the STAR decadal plan

Near term Mid-decade Long term
(Runs 11-13) (Runs 14-16) (Runs 17-)
Colliding systems p+p, A+tA ptp, A+A p+p, p+A, A+A,
etp, etA

Upgrades

FGT, FHC, RP, DAQ10K,
Trigger

HFT, MTD, Trigger

Forward Instrum,
eSTAR, Trigger

(1) Properties of
sQGP

Y, Jly — ee, m_, v, Y, Jly — JM,
Charm v,, R, corr,

AD ratio, p-atoms

p+A comparison

(2) Mechanism of
energy loss

Jets, y-jet, NPE Charm, Bottom

Jets in CNM, SIDIS, c/
b in CNM

(3) QCD critical
point

Fluctuations, correlations,
particle ratios

Focused study of
critical point region

(4) Novel
symmetries

Azimuthal corr,
spectral function

e-J corr, -y corr

(5) Exotic particles

Heavy anti-matter, glueballs

(6) Proton spin
structure

WA, jet and di-jet A,
intra-jet corr, (A+A) D, /D1,

A_bar D, /D,
polarized DIS & SIDIS

(7) QCD beyond
collinear fact.

Forward A,

Drell-Yan, F-F corr,
polarized SIDIS

(8) Properties of
initial state

Detector Upgrade driven schedule
Measurements listed when they first become possible
Many will continue in future periods

Charm corr,
Drell-Yan, J/y,
F-F corr, A, DIS, SIDIS

6/28/12
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Future D, measurement
Lambda Spin Transfer
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-0.02

0.06
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0.02
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SU(6), GRSV2000_std_lo

SU(6), GRSV2000_val _lo

DIS, GRSV2000 _val lo

0.10-

0.05

-1.0 0 1.0 2.0 -1.0 0 1.0 2.0

n
3 4 5 6 7 8 9 Phys. Rev. D78 (2008), 054007

Phys. Rev. D81 (2010), 057501  p_[GeV]
Sensitive to the parton helicity distributions and to polarized fragmentation
Better sensitivity at forward
Anti-Lambda more sensitive to parton helicity distributions
Transversity distribution can also be accessed by D,

Ol
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J
STAR

D,, at mid-rapidity

— [ @m=+05 + AMB
e STAR has performed initial AD, sl | ;A
measurements at mid-rapidity i Y ' = AHTHe
— Provides access to strange quark & o __":_47.[:
helicity distribution B '

. . . . . 02—..... De Florian et al., A+A , scen.1 —
— Most interesting with quite high - BeRermnaa A iEnS e S0
p; A (trigger and stat limited) _ (b)l(n)=-0.5 | ‘ |
e Similar measurements at forward sl
rapidity are very promising ; | -
— Requires Forward Hadron S | (] =
Calorimeter upgrade O !
g Phys. Rev. D 80, 111102 (R) (2009)

A—-n +nr° ’ C eV ’

A — 0 ) .
A->n+mn Forward hadron calorimeter to measure (anti-)neutron

K—)ﬁ +n Experimental challenging, baryon/meson identification needed
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WSTARTransverse Single Spin Asymmetries
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PRL 97, 152302

* Large transverse spin asymmetries consistent

Ay =

P o, + o,

Left
-

6/28/12

Right

over an order of magnitude in Vs up to 200 GeV

* Cross sections measured at forward rapidity at
RHIC are reasonably described by pQCD

Proposed pQCD mechanisms for large Ay:
— Sivers Effect: parton orbital motion

— Collins Effect: transversity + fragmentation

RHIC/AGS User Meeting, 2012
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S"‘“ Future Transverse Measurements
Forward rapidity direct y A,

0.15F
Z-B. Kang et : =33
al, PRD83, "'} N Extracted from
094001  _ o%; < p+pT > X Ay
o r
o

—-= | S~ Extracted from SIDIS Sivers

0'052_ functions (“new” and “old”)
T R Vv S—
F e/h, y/n° discrimination crucial,
Drell-Yan A forward upgrade needed!
o Sivers function measured in SIDIS vs DY
002 expected to differ by a sign
004 | AN £SIDIS/ . ;. AN ,
oosf (\)::g?gzz’/ , A q/h1 (x, k1) =—A f q/h1 (w, k1)
ook QDY v Need DY results to verify the sign
- change: critical test of TMD approach
-0.1 o b b b by b b vy
4 3 2 1 0 1 2 3 4

* Forward jets and correlations Full jet reconstruction
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55““‘ Cold QCD matter - the initial state at RHIC

x| o<1 InQYY) . : :
- |- R e * RHIC may provide unique access to the onset of saturation
— l . ()
region .
. | & : *  Future questions for p+A
= . . N
g — What is the gluon density in the (x,Q?) range relevant at
= RHIC?
= : .
g @ — What role does saturation of gluon densities play at RHIC?
£ } BFKL — Whatis Q, at RHIC, and how does it scale with A and x?
g . .
£ @ DGLAP — What is the impact parameter dependence of the gluon
- density?
> A2
In AQCD InQ
ptp — 0 a0 + X, Vs =200 GeV d+Au — 2070 + X, Vs = 200 GeV d+Au — 7070 + X, Vs = 200 GeV
F pr.>2GeVic, 1GeVic<prg<prL 0.016- pr_>2GeVlc, 1 GeVic <prs<prL 0.03F p;, >2GeVic, 1GeVic<prs<prL
0.02F MmU=3.2,ng)=3.2 | 5,4t + MU=3.2, (ng)=3.2 ‘|‘.|. mp=3.1, (ng)=3.2

+ 0.025

0.012 : o CGC+Oﬁset

e

&
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8 i

09_ 0.15; 001: 0.02} 4

T o s Bttt

5 i 0.008} 0.015} A

.g 0.01 : r [

c E L L

5 : 0.006} 001k

® 0.05 : 0'004:_ Peaks . Peaks

© ; A [ i A - Ap o

8 a p+p . 0¢ S M +001| 0.002 i d+Au pen;.)ht.aral 0¢ S 461002 | 0-005F d+Au central 0 0.44+002

3 t STAR Preliminary = 0.68 + 0.01 - STAR Preliminary = 0.99+0.06 STAR Preliminary = 1 63 t 0. 2?

C Coo boow oo bowo oo by ww o by v o by a by 2o o beovv v by v byes s byw e a bt Al e e b a e b B b b ag s

> 0 -1 0 1 2 3 4 A q1 0 1 2 3 4 g Q1 0 1 2 3 4 Z
pp ¢ peripheral dAu ¢ central dAu ¢
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YR Summary p+A measurements

* Nuclear modifications of the gluon PDF
— Correlated charm production
* Gluon saturation
— Forward-forward correlations (extension of existing m®-mn°)
* h-h
o mO-m°
¢ v-h
.« V-TT
— Drell-Yan
* Able to reconstruct x,, x,, Q* event-by-event
e Can be compared directly to nuclear DIS
* True 2 = 1 provides model-independent access to x, < 0.001
— A polarization
— Baryon production at large x;

} Easier to measure

0 } Easier to interpret

*  What more might we learn by scattering polarized protons off nuclei?

6/28/12 RHIC/AGS User Meeting, 2012 10



J\ .
ysTaR - Future Gluon Saturation Measurements

. (%\ 1041 7] NMC RHIC pA
* Drell-Yan in the forward S | [ ecoms v=5/4/3/2/1/ 0/
direction © ol B5 ) )
— access to sea quark = 5 corr "/ /@
distributions in the nucleus at x N ry
<0.001. YE , ,,;.f""/
— an order of magnitude lower x 4\ //
than DIS data, and DY from YA TS/ LT y
EPS09. F Ay
— significant constrain on nuclear TR
gluon distribution Ty |
 Forward J/Psi O il e
. 6 5 -4 3 2 1
* Forward-forward correlation N e A S
— h-h /nO%-n®/y-h/ y-n° ] | ]
— Scan on A mass o |
* Atransverse polarization o oo o oot
— unique in extracting x- —
dependence of saturation scale -~ I
o 1 2 IIB(GC‘II/) 5 6 7 - 0 1 2 1'3((;0‘4] 5 6 7

Boer and Dumitru, Phys. Lett. B 556, 33 (2003)
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st\\?‘“ STAR Detector Forward Upgrade

proton nucleus

[ ~ 2016
Tracking: 2.5<n<4

FHC

- W powder E/Cal

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

* Forward instrumentation optimized for p+A and transverse spin physics
— Charged-particle tracking

— e/h and y/n° discrimination
— Baryon/meson separation Several design exist, being evaluated

6/28/12 RHIC/AGS User Meeting, 2012 12



-
AR Very Forward GEM Tracker (VFGT)

* Add forward tracking to STAR
— Drell-Yan

— Transverse spin physics in valence quark region etc.

e Design based on FGT spatial resolution ~70 um
— Risks understood 2

— Lower R&D costs
— Fitin existing support structure

* Decadal Plan calls for such an upgrade

. :
S 4

\
[ _13E

E

_—
| e

\

o
[}
."" B
: .
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VFGT in the STAR simulation

]

inner radius of 7cm for last 6 discs

i

/Tél.()

I,
|

= = _...-%=2.0 o
§ ) ../'- > . T %*T__ e

T j _ _jlffzﬂ——————-‘

* |IPatz=Oupton~3.5

IP at z=-50 up ton~4.0

F °

Ad ~ 0.15AZ/p,

6/28/12

For nN~4.0, p,=100GeV/c, AZ=2m, deflect distance
~100um, FGT-like spatial resolution may work!
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6E/\I(E )= O ’344{4\/ from E864 NIM

Re-use of E864 hadron calorimeter
Excellent energy resolution demonstrated
Pulse shape analysis to separate electron
from hadrons

Pixelation to match ~1.6 cm Moliere
radius

Being tested at RHIC IP2 to evaluate its Test setup at RHIC IP2
performance
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| .
STAR
)

Tile HCAL

\ WU Tl SPACAL EMC

Solution:

— W powder, fiber readout, compensating
(SPACAL) EMC

— compensating tile HCAL tail catcher

Forward Calorimeter System- FCS

6/28/12 RHIC/AGS User Meeting, 2012

New Calorimeter R&D

Requirement:

— Efficient it®
reconstruction at 100
GeV.

— Good y/m°
discrimination.

— Good e/h separation
( 1000) with high
electron efficiency.

N DD')CI\Y‘\')I‘\IQ NnNAvrocg

p+p —> e'e” + X, fLdt = 200 pb™

o000

r of_Events

175001~

€
o
=}
Q
S

Numb
5
8

10000
7500
5000

2500

All events with M,, > 4.0 Ge¥
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87 Calorimeter R&D UCLA/TAMU/PSU

Movable Platform

Lead Glass SPACORDION Veto Scl Sc2

[}

Aiml

Thershold Cherenkov

Beam

-DACAL

T1018 Setup at FNAL
MT6 Beam line.
January 2012.

il O

Hodoscope XY

DAQ

Lead Glass

Recofigured EMCs for second week.

SPACAL

R -
-

6/28/12

RHIC/AGS User Meeting, 2012

17



Resolution (%)

SPACAL resolutions, averaged over 4 Channels, o,/ E = (aNE)+b
16

SPACAL resolutions vs 1/5qrt(E)o. /E=a/VE+Db

e~ b

-t
F =N

12

10 A

P SN M XSSO S S SO S T -
[ Red: Raw resolution T bl

6 areen: Beam spread subtracred-—— S e s

N a=120%,b=1.4% :

4IIIIIIIIIIlllIIIlIIilllIillllillllllllllllllillll

0 1 2 3 4 5 6 7 8 9

10

Beam Energy / GeV

Test Results - SPACAL works

* Also measured:

Resolution is close to expected (12%@1GeV).

Light yield is very good ~2000 p.e./GeV

6/28/12 RHIC/AGS User Meeting, 2012

Uniformity of
response across
the towers.

Energy resolution
with and without
mirror.

Perform scans
along the towers
with electrons and
muons.

Estimated effects of
attenuation and
towers non-
uniformities on
resolution.
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e Understand HCAL with simulation

Hadronic Calorimeter Upgrade

* Took ZEUS 1987 experimental data for Pb/Sc tile compensated
calorimeter to verify simulation

E. Bernardi et al. / A comp

(2]

et
-

660mm

.
ing lead - scintill calorimeter

LG
hole for source

/ JWLS [HAD)

WLS (EM)
tetlon reflector
[~ fitter

Al side plate

N\

Sc piate
Pb plate

A\

teflon reflector
Al front plate

\

S

3 9 EM/
1 ’/)\
684mm _‘}J
0 35 T29x,
25|
spocer € o
T E—
“/,,‘Sc plate
| —ebpate
=
~ PVC rod L1
«©
~ e
™
EJ 218
6/28/12
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The length of the detector is 5
interaction length. Fit into
STAR.

It is segmented to EM and
Hadronic parts.

It is compensated with good
energy resolution for hadrons.
Experimentally measured
longitudinal and transverse
shower developments.
Geometry is simple.

19



I\ ,
JRIAR Hadronic Response

Tested 2 possible geant4 physics lists for hadronic physics: QGSP_BERT, LHEP
(QGSP_BERT recommended by CALICE collaboration)

Compared with beam test results for ZEUS calorimeter prototype
QGSP_BERT failed to reproduce the e/h from the ZEUS test

LHEP gives reasonable agreement for hadronic energy resolution, e/h and shower profile

Hadronic Shower Energy Distribution

Our Si_mulatior_1

4 Hadronic Section
A EM Section
= Inner Cell

O  Outer Cells

a
a

a

o o [a] a]

T TR UN T ST S NN N Y S A W A I

Hadronic Shower Energy Leakage

& Back Leakage a

4 Side Leakage

]7 T T T T 1 T . 8
Energy deposition i
for hadron events Pl
® seon” fer| e 5
beam o -
Eout a Sos— 4 =
. '~ ZEUS Data 1 -
% En — @ ¢ ¢ ¢ . * L4 ¢ 0.6—
“— [ a
g .o . . . ¢ A
é 05l Ehad—= ’ ¢ B 0"‘__ a
- Eem — [e) o N -
Q -
¢ © ¢ 02— 8 o
Eout — @ ¢ e Q ¢ 6 o C
Bernardietal. [NIMA . . . . . . . N VN
T [ T T m 5. .
262, (1987) 229-24deam Hadron events gL
FoToam-r-Toq ¢ Energy leakage to the sides Lok
1011030603 01} & Energy leakage to the back 5
103 1e |36 |1 [031 2 01—
o o_zj - [
0l 1013812|36 < b i
5 LQ:_A 1L 3.6“L 0:4' -
L o1 fosjoc [z3}or) . 008
3 Energy deposition at 10GeV lin Yot :
- ?
& 0.06}-
TSRS :
¢ -
0.04(—
L a
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! | 1 L 1 | ! Ciaa
1 3 5 7 10 20 30 50 75 0 10
6/28/12 € (Cevi RHIC/AGS User Meeting, 2012
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STAR R&D for FCS

* MC, stand alone GEANT4, done. Compare with Geant3
used in STAR simulation framework?

* PiO reconstruction — 80% eff. At 100 GeV
* Energy resolution EM — 12/sqrt(E), constant term ~2%

* Energy resolution for hadrons 50%-60%/sqrt(E), range
10-80 GeV

* e/h rejection few*1000 @ 80 GeV

Need to build a full scale prototype module !
What are the Physics Capability for this Detector?
Combined FMS+FHC and FCS, cost vs physics?

6/28/12 RHIC/AGS User Meeting, 2012 21



| .
TR Roman Pot Phase |l
Phase | RPs
— Phase Il RPs 55.5,58.5m

15.3,17.3m

ANNAYA A
Q4 Q3 DO
Simulated spectator _ == I_
* Glueball search in the Double protons from p+3He  sof- '

Pomeron Exchange (DPE) process
e Search for the Odderon
* Spin dependence of the elasticand 1o

Y [mm]
o

Entries 169872 I

diffractive scattering in polarized pp
collisions or
e Polarized proton on polarized Eo
Helium scattering i Roman Pots phase Il
* Possibility of new physjcs of 50 “upgrade will tag
sphaleron production in DPE » e ~98% of spectators

150 -100 -50 0 50 100 150
X [mm]
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Y, .

YSTAR
Other planned upgrade
* RICH
— LHCb-like low mass Cherenkov vs. Threshold
Cherenkov?

— Baryon/meson separation for eg. anti_Lambda decay
(charged daughter)

— Charged pion ID

e Pre-shower

— Lead convertor (2-3 radiation-length) + coarse
readout (Y1mm) GEM

— Provide pi0 identification and piO/y separation.
— Charge sign determination



iéjiﬂ Evolving from STAR into eSTAR

ToF: t, K identification,
to, electron

ECal: electrons and

photons

GCT: a compact

tracker with enhanced

-Combine high-threshold (gas) B

proton/nucleus electron

n=1

| Magnet [

\\T "\‘ I". ".‘ AN l'-—W BEMC ’,"[ /

Cherenkov with TPC(-like)
tracking Blue

HCal: W powder,

spaghetti calorimeter
Simulations ahead ~East
eSTAR task force formed

+Z

LT

'j = TPC /

electron capability EcalE - TPC i.s.

GEM
disks

Yellow

HCal

il

R —

West

EIC Generic Detector R&D Panel:

GCT: LOI toward multi-institution R&D effort

HCal: R&D proposal
TRD+TOF: R&D proposal

6/28/12
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5% TPC inner sector (iTPC) upgrade

Outer Pads

6.2 mm x 19.5 mm
Total of 3,940 Pads
8.7 x 20mm Centers

= Inner Pads
“\'N\ 2.85 mm x 11.5 mm
Total of 1,750 Pads

&80

ALICE-TPC

X3LY3A IHL WOYS ww /g6 |

What will benefit from iTPC?
AA BES-II (fixed-target)
Electron/hadron ID
Extended tracking (1<|m|<1.5-2) and
dE/dx capability

55— Hyperon/exotic particle reco.

6/28/12 RHIC/AGS User Meeting, 2012 25
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Summary

Forward Detector upgrade at STAR crucial for the
(polarized) pp/pA/AA (2017-2020) and future ep/
eA program

Major components (eg. FCS) of forward upgrade
progress well. Some upgrade — RICH/pre-shower
is currently under consideration/discussion.

Evolve from conceptual desigh to more details:
physics simulation -> detector requirements,
prototype test.

STAR will go FORWARD.



wsmn Reconstructing Inclusive and di-Jet at STAR

Data Jets

Jet direction

GEANT

Detector

d26 / 2ndprdn [pb/GeV]

Particle
PYTHIA

0.1

The large acceptance of the STAR detector makes it

well suited for jet measurements:

 TPC provides excellent charged-particle tracking
and p; information over broad range in n

e Extensive EM calorimetry over full 2r in azimuth
andfor-1<n<2

* Sophisticated multi-level trigger on EMC
information at tower and patch scale

* Use midpoint cone algorithm

Justin Stevens — HEP2012

Inclusive Jet Cross Section
pp @ 200 GeV

Cone Radius = 0.7

-08<m <08

STAR o 1o
* Preliminary

det =539 pb”

d%c

2ndprdn

® STARRun-6
D Systematic Uncertainty
Theory

NLO pQCD + CTEQ6M
Had. and UE. Corrections

=
|

30 35 40 45 50 &5

pr[GeV]

15 20 25

* Data well described
by NLO pQCD when
including hadronization
and underlying event
corrections from
PYTHIA

* Hadronization and UE
corrections more
significant at low jet p;

d®o/dMdnsdn, [pb/GeV]

10°

10*

-
o
w

N
o
)

10

Dijet Cross Section

pp @ 200 GeV

Cone Radius = 0.7

max(pr) > 10 GeV, min(py) > 7 GeV
-0.8<n<0.8, |An[<1.0

|Ag| > 2.0
TAR
ﬁ Preliminary

det = 5.39pb™"

d’c
dMdnzdn,

e STAR Run-6
D Systematic Uncertainty

Theory
NLO pQCD + CTEQEM
Had. and UE. Corrections

50 60 70 80 90

M; [GeV]

30 40

*Reconstructing
correlated probes (eg.
di-jet, y-jet) provides
information on initial
state partonic
kinematics at LO
*This allows for
constraints on the
shape of Ag(x)
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A7 Recent Inclusive and di-Jet A,

-0.06
<&  F [—— GRsv-sTD
F 0.05F | — omsvzzno * 2009 results are a factor
0.04F-| ] DSSV 242% Uncert
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EF_ ® 2009 STAR Preliminary Of 3 Or greater more
0.03="| = 2006 STAR Preliminary ]
002E- ] precise than 2006
= ey
0.01—
gt = || e Data falls between
001 L predictions from DSSV and
0.025- \s=200 GeV P+p — jet+X [n|<1
§ +8.8% scale uncertainty G RSV-STD
0.03 = from polarization not shown
SN BT R I T T R
0.04 5 10 15 20 25 30 35
Particle Jet P; [GeV/c]
East - East and West - West Barrel East Barrel - West Barrel Full Acceptance
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I\
STAR

LN

0.015

Inclusive Jet A_LL for |eta|<1

4 Run 9 Preliminary
®  Run 12 Proj Stat 7
— — GRSV-Std (500)

7 7 200 GeV
Run 9

0.010 {— — DSSV (500) 200 GeV
—— GRSV-Std (200) f
B = DSSV (200) uture
— 0.0054| & Fut200GeV -
< P
-
- :H: i‘ 500_Gey
projection
-0.005 ! ! ! ! } } !
0 002 004 006 008 01 012 014 0.16 0.18
x_T
®

Future running at 200 GeV
expected to significantly reduce
uncertainties

Inclusive and di-jet A, in 500 GeV

e Higher energies give access to
lower x,

e Expect A, to be smaller than 200
GeV

e Projections shown are purely
statistical

e Forward jets in EEMC region
sensitive to even lower Xg

STAR: east barrel - endcap

40.02 —_—
g R
. 390 pb'(P=50%] [NLO
0.015- ...]=== GRSV std
i i i i |=--Dssv
0.01: oo
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0 4l ST B
1o<n <20,41.0<1, <00
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STAR: east barrel - east barrel and west barrel - west barrel
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Future Inclusive and di-Jet Sensitivity

STAR: west barrel - endcap

4 0.02 - - -
- : : H
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Projected Stat. Uncertainty: 50% Pol
390 pb-t, 600 pb* delivered
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STAR
~ STAR W A - Probing the Sea
Py J+ () u+d —-W*—e" +v * Detect Ws through e*/e-
T ~_ decay channels
dra=W =€ +*V « V.A coupling leads to perfect
spin separation
s oy — O0-— .
p v A, = * LH quarks and RH anti-quarks
Oy T 0- Neutrino helicity gives

Ag4 Pp—>WEE X et 4 X EXE preferred direction in decay

0.35_ §5TI:RE;\/<;5:05G060VGGV !—_.—__—_.TJII-.L..-. - STAR R 9 R |t ~

. : __—1:.—_.—_-.'

- -1 un esu
o2f Ve ____!
N: I e = A, (W*)=-027=0.10(stat) = 0.02(syst)
= ¥ - A, (W) =0.14 £ 0.19(star) = 0.02(syst)
R ? "7 = DNskke \ J

B T = Z1  Dsvos PRL 106, 062002 (2011)
—0.2¢ -—— (1:)22\/08
~03 hlg__;— At forward/backward rapidity
_04‘ ivz;tpg?cr?:):rz;;ntl}lfnclléi;?ntt);c;g;?%d:!: 1 there |S IncreaSEd SenSItIVIty tO

-2 S 0 1 2 single quark flavor

e
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* Forward GEM AL

Tracker upgrade
— 6 light-weight triple-GEM
disks using industrially
produced GEM foils

— Partial Installation for 2012

0.5

XM Future STAR W Measurements

STAR Projections LT=300 pb™ pol=0.70

— S/B=5

prp o> W' S et +v
Er >25 GeV

o, -O.
AL0+0

1 e
 Multi-year program  [.]..
+
— L =300 pb! W
— P=70% '7"“.444
- Significant constraintson [ [ % wemmeses I
the polarized anti-quark sea T T Bssvos
distributions ! -"-"-F-'°"i&o"§§\’/'?>%'l’“ ofmoseured beampol.
2 X 0 1 2
leptonn

Justin Stevens — HEP2012
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WSTAR Mechanism for Large Transverse Spin Effects

Sivers mechanism: asymmetry Collins mechanism: asymmetry
in production of forward jet ory in the forward jet
fragmentation

\p w\p -
Sq kT,n
Sensitive to proton spin — parton Sensitive to
i ' transversity

transverse motion correlations

e Need to go beyond inclusive hadron measurements
e Possibilities include jets, direct photons, di-hadron correlations, etc.
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Pt Forward Rapidity Collins Asymmetry

Jet axis and leading
pion define plane.
Angle between normal
to plane and spin is
Collins Angle, vy

polarized
proton

<

'n/’(:h}n

P q = XPbeani !

6/28/12

Collins angle distribution WN

Lo

Preliminary

o

=)

@
T

o
=)
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o
o
N

dN/dy (norm. to unity)

o
o
s

o

o

@
T

0.02 |- o PYTHIA/GSTAR

DATA
0.01 |-

0—3“—2 —10+1 +‘2‘ +3‘ 2
Collins Angle, y

Prx Py

0.15
0.1}
—~ 005}
—
=2
<
-0.05 |
~0.1
unpolarized
proton
RHIC/AGS User Meeting, 2012

Collins asymmetry in
forward direction slightly
positive (consistent with
observed pion A), but
shows no sign of cos(y)
dependence.

pr+p —> jet(n®)+X at v5=200 GeV

A x.>+0.3 (B)

S if’:sr;?:ﬂinory
: |
LN T

t i .
[ e — |
=7 -0.5 0 0.5 1
<cos(y)>
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Sivers effect sign change

* InSIDIS, knock a colored quark out of a color-neutral nucleon
— Quark was bound to the rest of the nucleon before the interaction
— Final-state interaction that produces the interference is attractive

* In Drell-Yan, a quark in one hadron annihilates with an anti-quark
of the same flavor and opposite color from the other hadron

— The rest of the “other hadron” has the same color charge as the
incident quark

— Initial-state interaction that produces the interference is repulsive
* Leads to opposite signs for the Sivers effect in the two cases
— A very important test of the TMD approach

* A,DY and COMPASS both expect to observe the sign change

— Assumption: This will be a done deal before STAR (or PHENIX) can
perform meaningful Drell-Yan measurements

6/28/12 RHIC/AGS Use3Meeting, 2012



* Sivers effect of DY production at RHIC
1

= Blue curve: bare parton model (using Torino TMD with Gaussian
ansatz from SIDIS)

= Red curve: resummed formalism (using Torino TMD to calculate Te(X,

X) as the initial input function, then evolve)

L_L 1 ‘
9Ty Fr(z,z) = /d“ k | I fi q( "’_”)L)|SIDIS

002 |
004

006 |

008 |

01 NI Y T TS TS e i

* caution: non-perturbative part could be different for Sivers asymmetry

May 14, 2012 Zhongbo Kang, LANL

6/28/12 RHIC/AGS User Meeting, 2012
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ysma . .
AT Pushing t t furth
usning transversity even rurtner
Collins asymmetry in D’Alesio et al,
SIDIS 1 : SIDIS 2
Jets 0 PRD 83, 034021

f I. T T T T . f I. T HI T T T T

0.04 E A;Vl-n (q)SA_ q)f) TI::)_ <‘ 015 - E AJS\}H (q)SA_ q)'m) Tl::)_ —_— |
. T : Tl:_
PRL101, 042001 (2008) 01 A
0.4 :_ th02.3°*-’.:=3° 0.05 /
: 7T W2.3°013° . o[- |
0.2 e = -
z : .,T,l B . / _005 B E -....___....... .
< 0 H+ *". ......................... ! ............................ E ""-..h... _

: . s RN R e, T
02 3 BRAHMS - i -0.15 | éeszOS

'0-4 :_ + -0.2 ; I I I I 1 1 1

06 04 02 0 02 04 08 2 25 3 35 4 45 5 55 6 65
Xg piT (GeV)

* Pushing out to the FMS rapidity will probe quark transversity at high x
* Need to trigger on and measure jets with leading charged pions

— Collins effect for n® is expected to be very small

— Very large, and opposite sign, A, are observed for inclusive rt*

STAR Decadal Plan status
report —June, 2012 PAC 36
Meetine
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STAR Future A, measurement

y-jet correlation

»

EEMC Photon + BEMC Jet :j Lr
< i
(O] { B
G2 . sTaR f Ldt=50 pb!, Pol=0.60,\/s=200 GeV / 0-75
< L |
04l STAR f Ldt=300 pb ", Pol=0.50,\/s=500 GeV / 0.5 |
- Norm. from Pythia v8 with trigger simulation 025 !
0.2 [ Background Au_ subtraction assumes DSSV . [
- LDA Efficiency ~ 70% and purity ~ 25 /4 [
i - 0
R |
] | o2sf A gg-gg D qd-qq
[ COMPASS .
o2l r B qq»qq E gg-qq
: HERMES T o5k C qq'-qq qq-ge
B smC i — — _
0af ) , : q9>99  qq-gy
: DSSV Q° = 100 GeV -0.75 - qg_)qg qq_}q’_q'
—— GRSV STD @ = 100 GeV? N E qg->qy qq ]
0.6 i
| l 1 | II 1 111111 | L1 _1
'3 -z -‘ -IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
L 10 W 08 04 0 04 08
Gluon ’8
COS

A, of y -jet pair access direct leading-order extraction of AG(x)/G(x).
Dominate by qg->qy, process selectivity
Forward y and full jet capability will extend STAR acceptance

6/28/12 RHIC/AGS User Meeting, 2012



S8R Leading Twist Nuclear Effects in pA

¢ p: uncertainties from PDF small = do/c ~ 10%

)

° A: 3
» at x = 10-3 uncertainties in Rs ~ 100% 3
» no data for x > 0.2, no stringent constraints for x < 0.02 CI)‘
» RHIC data not yet enough discriminating power o)
=
g 14F 14 L4 —r— T T T 1
z .t g : 13 F $ 0 PHENIX 2007 z°
6 lz __Q2=l‘()‘)Ge\"2 12 12 © STAR2006 7 + 7."_
@ 10 10 =
F 0.8 ?\f’ ---------------------- 08 o L1 i v e e s B
Q 06 0.6 10 "]
= 04F = EPSONLO 0.4 0-9 §
A 02 [ o= HKNO7 (NLO) 0.2 08 = [EPSOONLO -
I == nDS (NLO) = 0 L | —== HKN07 (NLO)
) z 2 4 6 8 10 12 14 16
10 0.1 1 pr[GeV]

e Important: need constraints at large Q2 were higher twist
effects are small - in pQCD HT ~ O(1/Q3?)

Measurements Constraining nPDFs:
Correlated charm measurements (no long-
term upgrade needed)

6/28/12 RHIC/AGS User Meeting, 2012
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N

Test baryon stopping scenario at RHIC
Calculable in weak-coupling QCD — intrinsic semi-hard scale Qs

Baryon Production at large x

10"

4
|
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Phys. Rev. Lett. 90, 092301 (2003); 91, 259901 (2003)
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Transverse momentum flatten with increasing energy and A mass

Longitudinal steepen with increasing energy and A mass

Effect more significant for A and hyperons

6/28/12

RHIC/AGS User Meeting, 2012

PID challenging at

forward !
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TR STAR Magnetic Field

Chris QM09 talk : http://drupal.star.bnl.eov/STAR/files/QM2009 Perkins v5 0.ppt

—~ F 004 |
C S I
~ r=50 cm K 0.12 —
a r=40 cm 3 r
m 0.1
0.08
r=0cm 0.06
0.04 [
L i
0.02 H
_l 1 L 1 1 1 1 1 1 L 1 O . ! . . ! . ! * - I
s 100200 300 400 500 800 700 0 100 200 300 400 500 600 700
{ ~ma )
A
z (cm) z (cm)

e Radial and Azimuthal fields impart impulses in the © direction and partially cancel

K [B,dr- [B.d2)

A
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~ 05T L 4m=22"201T 1m)
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_ 0.6 -0.26[radian] ~ 0.34[radian]
P [GeV] P [GeV]




STA

Tauns FMS-FTPC (Jim Drachenberg)

http://www.star.bnl.gov/protected/spin/drach/Run8FMS/FMS-FTPC correlation/

track

hFmsDphiPpos

| q,,, >0andElp > 0.55 |
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10

AD =0.1 Az/p, (Az=2.5m)
= 0.25 radian / GeV

For 10GeV at y=0 @ FMS
Ay @ x=20cm =0.5cm
Ay @ x=40cm =1.0cm
Ay @ x=80cm = 2.0cm

For 50GeV at y=0 @ FMS
Ay @ x=20cm =0.1cm
Ay @ x=40cm =0.2cm
Ay @ x=80cm =0.4cm

FTPC+FMS have done charge
separation with STAR magnet at
2.8<n<3.8
E~10GeV
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‘) STAR

Required kinematic coverage for Drell-Yan

* pp500
—= Voair = 4 M5, = 4.5 GeV corresponds to x ~ 0.5

— Would like to reach pseudo-rapidities up to ~ 4.3
* 4.3 would “fill the corners” of the FMS square hole
* Requires electron detection/identification to >~ 85 GeV
* Material between IR and FMS grows rapidly beyond n ~ 4.3

* pA/pp200

— How close can our acceptance go to the edge of the pole-
tip hole atn =27

— Very little yield beyond n~ 3

— Would like to detect/identify electrons down to ~ 10 GeV
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Compensation calorimeter

Energy resolution (%)

SPACAL

Energy (GeV) —

20 F

10 F

0

20 30 50 100 1000 oo
3() L T ] 1] LR 1 LI |
. o CMS em-+had
* o ATLAS em+had
*+ SPACAL
‘o jet algorithm

' A L
0.25 0.20 0.15 0.10 0.05
-~ /VE

R.Wigmans, NIM A494 (2002) 277-287

Outstanding hadron energy
resolution

6/28/12

0

& Fast speed of response

. 80 GeV
_ Electrons {80

£ o
- Z.
< 2

A 0 &
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= o
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B =.
pu 0 c
‘s 4 W =z

b ] _ Pions -~
2 , - S
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Z 1 e . .

R
m : P‘!l'
A 1 A .1 ul““’lﬂ.A da 0
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FWFM (ns)
D.Acosta et al., NIM A302 (1991) 36-46

SPACAL had fast (25ns) ‘electron’
trigger.

e/h rejection ~1000 at 80GeV,
electron efficiency ~90%
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By Porabovel NS, * 4 planes of 400 um Silicon microstrip detectors:
/ ‘ f - — 4.5x7.5 cm? sensitive area
j — 100 um pitch => good resolution, low
B e occupancy
... ] ‘#’V ai b — Redundancy: 2X- and 2Y-detectors in each
™ szm?o AR package

the bea '?‘ { — Closest proximity to the beam ~10 mm

— 8 mm trigger scintillator with two PMT readout

SVX‘chips Detector board | -

LV regulation
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Y% RICH Design for STAR

LHC-b: 2 RICHs with 3 radiators

6/28/12

N
o
o
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Aerogel from NOVQSI&R% ’

\

High optical parameters
(Lsc243mm at 400 nm)

Aerogel from JAP

T h=1.050

transmission length(400nm): 46mm

6/28/12

RICH components

. 61 pixel Diodes : 2 x2 mm?
Hybrid PhotoDiode:  peo w1\ ueh development

Phaton
2 Quartz window
12kY [ / _
hoto
Ground L caﬂrode
LHC-b HPD
Combines vacuum [>mu-.m ASIC

photo-cathode
technology with solid
state technology.
Single Photon Sensitivity
(200 - 600nm), 30% QE
at 200 nm.
Fast signal (rise-fall times
of a few ns) and
negligeable jitter

(<1 ns)
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STAR

p+p-n’,n+Xat ys=200 GeV

10 v Phys. Rev. Lett. 97 (2006)
v ¥ 1° STAR 2003 <n>=4.0
10 & v 4+ 7% STAR 2002 <n>=3.8
s ‘ v © n® STAR2002 <i>=3.3
% 1 A 4
N
“o 107 R
e,
Q0 .
= ~e
o 107 E
Q =
© -
mé 10.3 E_ * o »,
o = n° STAR 2006 <n>=3.68
w - n® NLO pQCD <n>=3.68
10 E prompt + fragy NLO pQCD <n>=3.7
E o} n® pythia X-section <n>=3.68
10'5 = prompty pythia X-section <n>=3.68
:I 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1
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S osfE
T - STAR 2006
— L
~ 06—
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=~ 04—
& —
0.2—
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Q? [GeV]]

Q? [GeV]]

eRHIC phase 1: kinematic range

5GeVe+50 GeV/nucIeon 5 GeV e + 325 GeV/nucleon
o D% B0 electron S I 5+325 ¢électron |
104 e 3 10 E ]
o 2<n<3 o o 2<n<3
10° I EEMC+EGT so0 O o’ N EEMCHEGT
Sl TPC+BEMC+TOF Sl TPC+BEMC+TOF
T -2.5<n<-1 10.0, T -2.5<n<-1
10° ‘ ._EJ,Ge)IJ...“..“2..(.)53.‘.'90 TPC+ 102
- g BEMC+TOF g
10 % 10 e
- Missing today -
1 E 1 E
A g .
10° 10° 10* 107 102 107 1 10 10° 10+ 107 102 107 1
10° E5+501et % 10° E 5+325 jet |
T 2<n<3 o H 2<n<3
10° NN EEMIC+FGT O o N EEMCHEGT |
TPC+BEMC+TOF SN TPC+BEMC+TOF
2.5<n<-1 T -2.5<n<-1
102 5 102 —g ..........
oLl Missing today 10L
1 .. 1
E Missing today 3
10'1; 101 ; ;
10° 10° 10% 10° 102 107 1 10° 10° 10+ 107 102 107 1
X X

“Forward” (-2.5 <~ n < -1) electron acceptance essential to span deep-inelastic (DIS) regime
Both backward and forward hadron coverage valuable for semi-inclusive deep-inelastic
(SIDIS) scattering
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JRIAR STAR - eSTAR

Optimizing STAR for e+p and e+A collisions from 5+50 to 5+325 GeV

* Inclusive scattering over the entire deep-inelastic region
— Key measurements
* F,ine+pand e+A: direct measure of gluon densities in nucleons and nuclei
* g, ine+pand e+3He: nucleon spin structure
* F,A/F,%: parton distributions in nuclei (including gluons via Q? evolution)
— Need electron detection, ID, and triggering over -2.5<~ n<-1
* Combined mini-TPC/threshold gas Cherenkov detector
*  Semi-inclusive deep-inelastic scattering over a broad (x,Q?) domain
— Key measurements
* Flavor-separated helicity distributions, including strangeness
* Collins, Sivers, Boer-Mulders, and other transverse spin distributions
* Flavor-separated parton distributions in nuclei, including strangeness
* Parton energy loss in cold nuclear matter
— Need hadron detection and identification beyond the TPC/EEMC
* Extend TOF to cover-2<n<-1
*  GEM disks (from forward instrumentation upgrade) plus hadronic calorimetry in the region 2 <
n<3
*  Deeply-virtual Compton scattering
— Key measurement
* GPDs
— Need forward proton and expanded photon detection
* Roman pots (also valuable for spectator proton tagging in e+3He)
* EM calorimetry for-4<n<-1

6/28/12 RHIC/AGS User Meeting, 2012 o0



is\\{'?m Parton energy loss in cold QCD matter

HERMES, NP B780, 1
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 Complementary tool to investigate partonic energy loss
e HERMES: hadrons can form partially inside the medium
— Mixture of hadronic absorption and partonic energy loss
e eRHIC: light quark hadrons form well outside the medium
* Heavy quarks: unexplored to date. Low B = short formation time
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