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Outline PH ENIX
o Stages of SPHENIX detector upgrades

— Baseline upgrades
« Compact jet detector at midrapidity

— Midrapidity options
— Forward upgrades
e Detector concept
 Physics
— Heavy-ion physics
— Cold nuclear matter physics
— Spin physics
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Stages of PHENIX detector upgrades?m'x

* Long-term enhancement for major physics programs
— Sustained program with dedicated QCD machine

o (Baseline) “sPHENIX” upgrades
— Compact jet detector at midrapidity with high-rate capability

— With recent upgraded RHIC accelerator
— Precision jet / dijet / y-jet measurements to understand the
nature of the strongly-coupled QGP

e Future option upgrades
— Midrapidity tracking and preshower
— Heavy-flavor quarkonia / jet and more
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Stages of PHENIX detector upgradesf’;%ﬁ"x

e Forward “sPHENIX" upgrades

— Open geometry for wide kinematic coverage of
photon / jet / leptons / identified-hadrons

— For understanding 3-dimensional (transverse-
momentum dependent) quark-gluon structure of the
nucleon and nuclel

— Measurement of the nuclear gluon distribution G ,(x)
and search for gluon saturation at small-x
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Stages of PHENIX detector upgradesE’H‘ﬁﬁ‘EN'X

e Towards “ePHENIX" at eRHIC

— More precision for 3-dimensional quark-gluon structure of the
nucleon and nuclei

— For precision understanding of strongly-coupled QGP by
knowing the initial state

— Detailed ePHENIX talk by Klaus Dehmelt at FEX on Apr.25(AM)
— EIC talks by Deshpande at Spin/FEX on Apr.23(AM) and

Aschenaue, Zhang, Nadel-Turonski, Lamont at FEX on
Apr.24(PM) and Apr.25(AM)
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SPHENIX upgrades PHRENIX
Design goals for a jet detector
— Full azimuthal coverage in a fiducial
region [n| <1
— 2T solenoid for high resolution tracking
In a small volume
— Electromagnetic and hadronic L
calorimetry _Expected counts within 7| < 1
_ Data acquisition capable of recording ™ @20 weekrun at 200 GeV
>10 kHz Au+Au p+p d+Au
. (central 20%)
With recent upgraded RHIC T
accelerator S0Gey e e
— EBIS for various nuclear species {07 photons 107 photons 107 photons
— Upgraded luminosity ey 1Djets 10%jets  10%jets
— Energy scan 10° photons 102 photons 10 photons
— Flexibility with dedicated QCD machine _ ¢y 1055ets 0tets  105jets
Requirements N N N
> 50GeV 107 jets 107 jets 107 jets

— Large enough jet rates

— Distinguishable jets from background
fakes
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sPHENIX upgrades PHENIX

HCAL CUTER

« Magnetic solenoid -
— 2 T superconducting solenoid 3
— 70 cm inner radius
— Lessthan 1 X,

» Electromagnetic calorimeterg

— Accordion tungsten-fiber
calorimeter

— AnxAg~0.03 x0.03 | e vix

— o/ E~15%/E —
 Hadronic calorimeter

— Steel-scintillator calorimeter

— AnXA¢p~0.1x0.1

— o/ E~100% /\E

— Flux return yoke for the
solenoid

HCAL INNER

EMCAL

S0LENOID
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Electromagnetic calorimeter PH. ENIX

e Accordion tungsten scintillating-fiber calorimeter
— compact

 Silicon photomultiplier (SiPM) readout

— small, high gain, no high voltage required, work in a magnetic
field

| o e o e i R A I A [ e ki . L, O DA O R Mg 0 A e s g e 5 i i, o g I i}
i@ N N & & n n--u1wmmwmm1m---nmnu*-

b .Er‘.l.l.f.l.!.l.ml b, LI-E‘h r.i.l.l.hl.El.l.-:.|.|.1.|.H'| | .1.|.|.F.| .E’!.I.!.L!.I.l .El.I.t.l.I.l.l.tl.l.t.l.t.l.l.Es.l.l.].hla.El.hl

s — | - Scintillating fiber in tungsten

HMERiL ACCORDTON TOWER

. (6 ACCORDICN SANDWICHES) OWder e OX Ol mer
Accordion tower P POXy poly

= 6 accordion sandwiches
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Hadronic calorimeter PH “ENIX

o Steel-scintillator calorimeter
— ~1 2, EMC+~52, HC

— Wavelength shifting fiber embedded in scintillator for
light collection

— Flux return for magnetic field

e T T T e— -
|
I'l | .——Fiberoptic cavities on opposite sides
ufa of scintillator plate. Bend radii minimum
is 27.5 mm. Cavities are aranged such
that in plan view they appear to cross
™ at near 90 deg angle. Fiber cavities
P .
= & are a minimum of 10 mm from each
'/' B4 side wall. Fiber serpentine passes are a
L minimum of 20 mm from =ach adjacent
“ pass.
| /"Eﬂl'
1!
e e HOT 70 B2 UsED . +
FOR PRODUCTION
{ ‘ [ B T 6.0—k
/ \-I\J_ﬂ_J ™ HADRON CALORIMETER | 141 98—~
— PLATES
P Eriy! = r e
: . HEN—

Scintillator tile with a wavelength

Fin structure of inner & outer shifting fiber along a serpentine path

segments oriented at an angle of
+5 degree
April 24 2013 9



_"'h..v____

Physics of sSPHENIX PHSENIX

o Current jet-probe measurements 1 d®N**/dp,dn

— Nuclear modification factor (R,,) M Ny ) NP /dpydr
e Suppression of single hadron yields compared to expectations from
p+p collisions
. \(J?ect;‘guenching: significant loss of energy for partons traversing the
— Azimuthal anisotropy of hadron production with respect to the
reaction plane (v,)

» Weakly-coupled radiative energy loss model cannot explain the
azimuthal anisotropy

............. T
0.2(a) [ | m%::m:m-_ C (b .
r —f- ASW E=36 1

g AMY =033

0 0.1sf HT "°=ISGCV’J_‘fm_:_ .
PHENIX 70 Ry, : %ﬁ cirern ] # _
S " ULPHENIX «° (Au+Au 0-5% Centrall | > ot ) “ I $ b .

oc D_Sf_Glubal Syﬂﬂfcﬂ@%ﬁil_ - 005: " ‘ ] ]
: — " N N
e i:’;”fi I TR
C —— T 1ole 1 (@ i

ﬂ.3:_ A F__F__f--‘_‘:__:___—d — g:g{ﬁ; —= RUN4='R,, :@

C A ._-;—:_'____._— - ______ —_— ﬂ'?: iy 12% Bcais uncenamty for 8|
0.2 ‘h‘ﬂi-__;— N oel
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Physics of SPHENIX PHRENIX

 New data from LHC
— Fully reconstructed jets
— Dijet asymmetry A, = (E, — E,) / (E; + E,) —> energy loss for jets

— Unmodified A¢ distribution — no broadening in traversing the
matter

V5, =276 TeV 0-10%
ATLAS

paMa A

Pb+Ph’

$ L,=17ub"
F -

(Lo

(1/N

B PPl Dala
) pep Dt
OrumicFyTHIA

) Nl

[

[1/N

— Direct photon + jet correlations
« Cleaner handle on the expected jet p;
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Physics of sSPHENIX PHRENIX

* Importance of fully reconstructed jets

— Precision jet / dijet / y-jet measurements to understand the
nature of the strongly-coupled QGP

— Significant extension of kinematic range

— Jet modification
LHC data Dsistribution of A, at RHIC energies

Comparison to
tETT T

® ATLAS Pb-Pb 0-10% J F | — PYTHIA
= PYTHIA ] m= PYTHIA + 0-10% Au+Au
=== PYTHIA + medium 4F |== PYTHIA + 40-50% Au+Au -

E,>20GeV, E,>5GeV, R=0.4

1 G.-Y.Qin and B.Muller
PRL106, 162302 (2011)

0

i 1 L 1 L L 1 2
0 02 04 06 08 1 0 0.2 0.4 0.6 0.8 1
A A

« Temperature dependence
— > 300 MeV at RHIC and > 420 MeV at LHC

 More flexible study at RHIC
— With different energies and nuclear species
April 24 2013 12
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Future option upgrades PH ENIX

« Additional charged-particle tracking

— Improved tracking in the magnetic field
(15—-65 cm radii) for high resolution
momentum measurement

» Existing 4 layers of VTX
— Ap/p ~ 0.1 +0.02 x p [GeV/(]

» Additional silicon layers at 40 cm & 60 cm radii
— Ap/p ~ 0.007 + 0.0015 x p [GeV/c]

— For good separation of Y states,
Y(1s)/Y(2s)/Y(3s)

HCAL QUTER
— HCALINNER
~_— EWCAL
_—— SOLENCID

— PRESHOWER

— —— ADDITIONAL
TRACKING
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Future option upgrades PH ENIX

* Preshower detector with fine segmentation

— Improved reach of y/=° separation

e Good separation of single photon from n®—yy up to 10 GeV
with electromagnetic calorimeter of Apx A¢g=0.024 x 0.024

* Improved separation up to 50 GeV with tungsten + silicon
layer of An x A¢g = 0.0005 x 0.1

— Improved electron identification
* For good separation of Y states

HCAL QUTER

— HCALINNER

~_— EWCAL
_—— SOLENCID

— PRESHOWER

——— ADDITIONAL
TRACKING

— VTX
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Physics of SPHENIX PHSENIX

Quarkonia spectroscopy of Y states

— Jhy suppression stronger at RHIC than at F
L H C 5002_ —— ++,-- subtracted

T — DY,BB,DD

— For competing Y measurement at RHIC at
different energies with more flexibility
(energies / nuclear species)

Charm / beauty jets
Extending 7° R, : e S
~ upto 10 GeV — 50 GeV. L 5
High-z jet fragmentation functions Vield of different Y states

Low and intermediate mass dileptons  in one year at RHIC

300]-
2001

100

Species [ Ldt Events (No;) Y(1S) Y(2S) Y(3S) Y(1S+25+35)

p+p 18pb~! 756B 1 805 202 106 1113
Au+Au (MB) 50B 2404 12794 3217 1687 17698
Au+Au (0-10%) 5B 962 5121 1288 675 7084
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Forward sPHENIX upgrades PH "ENIX

e A straw man layout of a possible detector
— Charged-patrticle tracking - GEM
— Particle identification - RICH
— Electromagnetic calorimeter
— Hadronic calorimeter

Forward spectrometer  Very forward spectrometer

. m
o 5;; MuIP 12
s a -
)
&
_'____._.—-—-—'_-_-_-_-_-_-_-_-_-_—_‘--—-_._______ C
200cm I
180cm (/ HCAL \\ 0 g
5 .
~ w O . -
FHCAL §o - a
1200m -7 ] < E
~ EMCal < GEM — - n=3.0
30 - B T
om ; . -
o er | Solenoid 21 |41 .~  tracker2 DX
S0 = al L .
pre-shower ~{ cem . THCAL magnet
hracker
— | n=40
VT ) _-_"F\."r:s; - 1
=i - -
E S Lo 220em 300cm 400cm  450cm €50cm 830cm Y =
— L= 930cm
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CNM physics of forward sSPHENIX PHTENIX

Cold Nuclear Matter (CNM) effects

Measurement of the nuclear gluon
distribution G,(x)

— To know Initial state of heavy-ion
collisions
— Precision understanding of strongly-
coupled QGP
Search for gluon saturation, or
suppression of G,(X) at small-x and
verify CGC (color glass

Y =1In 1/x4

1.4

condensation) framework

— CGC.: effective field theory to describe
the saturated gluon

Energy loss of partons and p+
broadening

Hadronization mechanisms and time
scales

Dilute system

April 24 2013



CNM physics of forward sSPHENIX PHTENIX

o Current measurements

— J/y and hadron-hadron correlations over a broad range of
rapidity
» Sensitive to extended range of x
— Open heavy-flavor and a first look at Drell-Yan
o With FVTX installed in 2012
« Comparison data to J/y

e MPC + MPC-EX upgrade (2014-)

— Electromagnetic calorimeter + preshower

— 3.1 < 1< 3.8 in the muon piston

— Prompt-y _ 3
 Forward sPHENIX - ea

— Quarkonia, vertex-tagged open heavy-flavor, inclusive hadrons
and fully-reconstructed jets, jet-jet correlations, and Drell-Yan
* Much more extended kinematic reach
« Smaller statistical and systematic uncertainties
 Different energies and nuclear species

April 24 2013 18



Spin physics of forward sPHENIX PHENIX

Left

Right
* Single transverse-spin asymmetry [

. B»

____________________

d GLeft d Gnght

d O et + A0 Rign

— EXxpected to be small in hard
scattering at high energies
mgQs
PT

) Eg‘ B T T T T T 1 T T T ] T |
Kane, Pumplin, REpKO 5 60 5y oy g i i

PRL 41 1689 (1978) < _ _
[TppHTX ) +
Al -
» g i

FNAL_E704 20 _ow—rux o

— Unexpected large asymmetry found 47"
In the forward-rapidity region | |

— Development of many models based . . il il
on perturbative QCD

X. = 2p,/Ns (Feynman’s x)
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Transverse-spin physics

Forward rapidity n° at STAR

at Vs = ZOOAGeV

p—> 7%+ X at v3=200GaV

0.1+

I a <p>=33
L & <p>=37 ‘*k
L e. twist—3 (hep—ph/ 0609238}, n=3.3 Qg

----. Rivars affact (1] dalesio and F.Murgia), @%

: EETAFI

=0.1

e .['-'
wx a4

I 4
i I§ ©%>(Ge\"/c)= 16 - 37

<pex(GeVic) = 1.3 - 2.8

—05 —04 —02

Forward rapidity =° at PHENIX

at \/S — 62 4\QeVp+p—>ﬂ:“+Xat\r 62.4 GeV

0.6 Xe

20% pol
0.15 10% @

0.1

0.05

I PH ENIX Prellmmary

arizatiol " scale
ergy & Ilbratl nainty o x_ scale

¥ 11>35
& <35

%i

1
I}

p =0.28 0.34 0.44 0.54 GeVic

¥

¥ g (p,)=0.64 0.77 0.97 1.16 GeVic
S f
_0-05 _Dl-s 1 1 |-0|-4| 1 I-ul-zl 1 1 & 1 1 1 D-|2 1 1 1 D-I4 1 1 1 D-ls
Xg
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Forward identified particles
at BRAHMS

B BRAHMS Preliminary ® T
o.1— - 1T
: +
B 7T oo g o0 : :
o BRAHMS
= Tc_ -- '
B - g g W
-0.1—
o 0.1 0.2 .3 0.4 0.5
x. of 1T
B BRAHMS Preliminary o K
o.1— e K-
B -
r o
- Sseg
o
0.1
o 0.1 0.2 0.3 0.4 0.5
x. of K
B BRAHMS Preliminary ® p
o1 —_ e p
B - p
B .'
o == RS -
— - . +
-0.1— p
o o1 oz o3 — " o.s

X of proton
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Transverse-spin physics
e Perturbative-QCD models

— Sivers effect

 Sivers distribution (initial state)

— Collins effect

« Transversity distribution (initial
state) + Collins fragmentation

(final state)
— Higher-twist effect

+ MPC-EX (2014-)

— Prompt photon asymmetry
e To distinguish Sivers effect and

higher-twist effect

— Collins asymmetry in jet
« 7V correlations with jet-like

clusters

April 24 2013
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PH- ENIX

Phys Rev. D 83 094001 (2011)
arXiv 1208.1962v1 (2012)

0.15
- Twist-3 p+p n=35

AN01 B pr6diction MPC—EX Two—Arm

005 -  49phL, P=0.6

S { ............ ..
0951 SIDIS (TMD) p+p
prediction
B T T T T T T O R

0.3 0.4 0.5 0.6 0.7 0.8

Single-Track =" Charged Cluster (>=3 tracks) Asymmetry - 49pb' sampled, P=0.6 |

8200 —

Number of Counts

7800 '|'

7600

7400

ULV ENL L L
ITTTTTTTTTTINGTTTITTTTTT]
- Charged clusters

L
|

with >=3 tracks,

o..

g potliagiey g e ) g e oy Gy ] g ) gt b e g 0 S gt g b g it e g
s'”gle-tréCk TEU'S 8 Collinsosﬁngle{radignsi
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Spin physics of forward sPHENIX PHENIX

* Transverse-momentum dependent (TMD)
phenomena in nucleon structure

— Sivers effect in Drell-Yan process

« Comparison of Sivers function measured by polarized semi-
Inclusive DIS process

o Competitive program in the world for establishment of the
TMD framework

SIDIS Drel-Yan <€ b
Nk oA [
-D_{]E_-
004
S R O "V ) Y. Sy [ Vs=500 GeV
I i 006 0<qp<1 GeV /
i 4<Q<0 GeV
IFosoosno(gh '"oooooo >/ i
-0.08 -
attractive repulsive I
S'I:'UET'S 1;{ _ SI-"UETS.,'L: _ﬂ,_l-ll|||||||||||||||||||||||||||||||||||||
f (:l-, 'T)|.5’IDI.5'— f (.1-_._ -T)lDY 4 3 2 4 0 1 2 3 4
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Spin physics of forward sPHENIX PHENIX

« TMD phenomena in nucleon F 008

/s = 200 GeV
structure A /
- y=3.3 jets
— Jet asymmetry measurement . w3
 Sivers or higher-twist effect ﬂ; !"’"""""Fit___qf SIDIS
002 |- o
ok SIDIS old

_{}GG [ | 1 1 1 | I 1 1 | [ 1 1

1

~ Asymmetry inside the jet Spe———r
. I i I &= e _—}"= .
« Collins function (Collins effect) | =200 Go¥

« IFF (Interference Fragmentation o®
Function) A

“jet = h+X
-'D.BEF—

02 03 04 05 g;=ux

April 24 2013 23



Spin physics of forward sPHENIX PHENIX

e Sustained study of precision

PDF measurements SYRE S S S L
— Gluon helicity distribution Had
— Q_ua_rk a_nd ar_1ti-quark helic_:ity R =
distributions in W-production = e[ —-asves —osvara e
« Polarized neutron with | A eowan s
polarized Helium-3 beam lad N
 Polarized-proton nuclei | oof e S
collision for saturation study ' o | "
— Link between CNM and Spin Aﬁf"'hX pr \
— Transverse single-spin APPhX h: ) f(P;r)
asymmetries in polarized p+A N Presies &s.a
collisions are sensitive to the APATHX
saturation scale in the nucleus N =~ 1

AP o2
Z.-B.Kan and F.Yuan
PRD84, 034019 (2011).
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Physics of forward sPHENIX ~ PHTENKX

e Forward heavy-ion physics
— Pioneered by PHOBOS and BRAHMS

— Direct photons can give information about the
expansion of the medium

— Correlation measurements can test models of
longitudinal expansion

— Extended jet / dijet / y-jet coverage to study jet energy
loss in the medium

— How far forward the measurements will be able to be
made?
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Summ ary PH- ENIX

SPHENIX upgrade proposal was submitted to
DOE

— For precision jet / dijet / y-jet measurements to
understand the nature of the strongly-coupled QGP

— More information in arXiv:1207.6378 #H\v/emx

0

Future options
— Midrapidity tracking and preshower

Forward sPHENIX upgrades

— Cold nuclear matter effects

— Spin physics

— Towards the ePHENIX at eRHIC

For long-term enhancement for major physics
programs

April 24 2013 26
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Transverse-spin physics PH-ENIX

Sp

e Perturbative-QCD models

— Sivers effect
 Sivers distribution (initial state)
— Collins effect

» Transversity distribution (initial state) P
+ Collins fragmentation (final state)

— Higher-twist effect

e Many-body correlation of quarks
and gluons Se
— Sivers effect on TMD (transverse-
momentum dependent) factorization
» Transverse structure of the nucleon
» Spin-orbit correlation
— LS force inside the nucleon

— Higher-twist effect on collinear
factorization

e Parton reaction

kT’p Sivers effect

Collins effect
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