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Relativistic Heavy lon Collider
Bird’s eye view
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Heavy ion runs Polarized proton runs
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L 77
""" e collective nature of the the

<A V'I.Q", collision created medium

& 4’!’ converts initial state azimuthal

‘*"' x asymmetry into a strong signal
In the final state particle
emission pattern

dn/d$ ~ 1 + 2 v,(p;) cos (2 ¢)

dN

16— o) = Ny [1 + QZvncos{n(qb — @n)}]
0 = {cos {n(6 — ®a)})

V3 and higher tells of fluctuations
2015-09-30 E.Kistenev, UTFSM, 2016 5
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QGP program near Tc
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e Detailed inspection
of QGP near T, using

% | coin, & probes over a broad
) / range of scales
_ kinematic reach — Jet and D|_Jet
. o o ﬁ ‘ - Y-jet correlations
p A" - Heavy flavor jets
5 medium couplirp{gm - Separated Y(lS),
] sz, | Y(29). Y(39)
Y(2s) : O1s = 99 MeV
=@ -t
Y(3s) B I 8 7
0@
1 T, oT, 3T, 10007,
= perfect liquid =— temperature
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oroduction and differential suppression &
/Open char'rn\

particles

Juential
elting”

T/T, 1) [f!)

Y(15)

J/p(1S)

XI;(ZP)

% (1P)
Y'(35)
v(25)

plasma

QUARK—-GLUON PLASMA AND HADRONIC PRODUCTION
OF LEPTONS, PHOTONS AND PSIONS

QGP thermometer

based on sequential E.V. SHURYAK

SUPPTESSfUH Of Institute of Nuclear Physics, Novosibirsk, USSR
quarkonia.

courtesy: A. Mocsy Received 16 March 1978

Fig. 1. The space—time picture of hadronic collisions, proceed-
ing through the following stages: (1) structure function for-
mation; (2) hard collisions; (3) final state interaction; (4) free
secondaries.

r screening of
the cc potential

cc pair ~ by th di
J/y pre-resonant y The surrounding
state color charges
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Evolution of the Experiment (PHENIX)

Documented: http://www.phenix.bnl.gov/plans.html

Current PHENIX SPHENIX (+fsPHENIX) An EIC detector
o 15y+ operation »  Comprehensive central upgrade » Path of PHENIX upgrade
100+M$ investment based on BaBar magnet leads to a capable EIC
o Broad spectrum of physics|| * Rri]ChJet and beauty quarkonia detector
(QGP, Hadron Physics, p_))gsallctsjrgrgfgggwp » Large coverage of tracking,
DM) _ : calorimetry and PID
: »  fsSPHENIX : forward tracking, e&h
o 150+ published papers to calorimetry and muon ID — » Open for new
date Spin, CNM collaboration/new ideas

e Lastrun in this form 2016

ab
Yy

43

arXiv: 150106197 [nucl-ex]

~2000 2017—2020 ~2025 Time
~HIC: A+A, spin-polarized p+p, spin-polarized 9+A> SlC etp, etA
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ﬁk STAR forward instrumentation upgrade

nucleus electron I — . .

EEm

‘ | Reinstrumented
b v,

STAR Science for the Decade — QM2011 — Carl Gagliardi 14




sPHENIX experiment (already infs
construction stage .... iIllegal )
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Move BaBar Magne
Jan 16 -> Feb 3 2015
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Tracking : Reconfigure existing Enpanie
Silicon Tracker

Restacking PHENIX Pixel Tracker

Also in study: a TPC for outer layer tracking

Side view
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Tracking : Performance in Geant4

Invariant mass for ete-

pairs
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Backbone: New Jet and EM Id
Calorimetry

OUTER HCAL

MAGNET

SUPPORT RING

“INNER HCAL
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Electron ID: EM Calorimeter

e Electron ID using a compact EMCal with assistance from
iInner Hcal (|n|<1)

e Scintillation fiber-W powder sampling calorimeter
(SPACAL), dE/E ~ 12%/\E

. . 0GeV,
Side view o
. : ! .
Particle view S T _ Tapered to form full cylinder
1cm Ll,hﬁ: SRR %iﬁhﬁf&i“:”&i - Azimuthally projective fibers
VNS W 5 65675 6.5
O e e.;; gse

\/ "™ P 8 Ty
[ 10GeV e J/ AARASAARIAN AASRARARRRN

slslie)

Gkl diameter of 0.5mm
Spacing of Imm
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Figure 2.8: Left: Fibers filling a stack of tapered hold meshes which are separated by
only a small amount to enable filling. Right: Fiber assembly after fully separating the
meshes in preparation for insertion in the mold.
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Bricksmanship in modern physics

Figure 2.4. Modules produced at UIUC for the 8x8 tower prototype

Figure 2.5. Left: Fly cutting tool used at UIUC to finish the ends of the fibers. Right:
Fibers ends after fly cutting step.

January 18, 2016 E.Kistenev, UTFSM, 2016 18



Hadron Calorimeter

e Novel design using tilted iron plates doubling as
field return

e Active medium — scintillg
plates

e Optical readout (WLS fibers and SiPM’s);
rototype tested in FermiLab.n 2014

January 18, 2016 E.KiSteneV, UTFSM, 2016 19
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Radiation Damage in SIPMs

Estimated neutron flux in the STAR IR : :
l Damage is caused mainly by

200 T —— neutrons (E ~ MeV)

::: 1 B e Measure thermal neutron flux in RHIC IR and
o0 estimate MeV equivalent neutrons using MC
o 1 Vi N Estimates in STAR for 2013 run (L=526 pb):
200F - Hu" R=3-8 cm, |[Z| <10 cm : @, ~ 8x10'° n/cm?
2°°§ i \ R=100 cm, Z = 675 cm : @, ~ 2.2x10% n/cm?

T N R R o Neutron measurements at the Indiana

Y. Fisaket.al.N|MA756(2014)68-72- U . : LENS F I
Measured neutron flux in the PHENIX IR niversity acllity

4 S72572-025P MPP C s =xposed st LENS
g cm, 8 - 30, o Box ‘ Shielded against 1" nem ) !
cmy 8 = Gd Box ; : 10" n/om
i 28 - a0 thermal neutrons 808 ,,w-"‘ S OSSN U
= 3.5 * r”:r",‘“ ,.*f... 10"%n/om?
5 A R -
= AT L : .
(3 3 0 e _:r B T R SRt S

[
dark curment (na)

"o / 2 x 10° n/cm?2
1 "

05— !
e 4t F e |y % F L Ly

1 L
Fluence x 10° nfcm?®
0 0.5 1 15 2 2.5

sipm Vbias(v)



Radiation Damage in SIPMs

Hamamatsu S12572-025P Primary effect seems to be increase in noise
le Edit vm Horz/vi Display Cursor Meas Mask Math App MyScope Ulilies Hel s o0 an d no t |OSS O f PDE

MIP peak for STAR Forward Preshower detector
during RHIC Run 15

: - o.04f— o o B an.m16065fuo1 .
Before irradiation H FPS. MIP - -

co3sll s F ___ Runi16104005

. : Run16138014
0.015§

0.015 Al A rrrrrr ' i
0.0055 Pl i
Oo 300

After 0.3 x 10° n/cm?2

O. Tsai, EIC R&D Report, July 2015

Operationally we plan to keep V, constant for
currents up to ~ 1 mA

Will require cooling to maintain ~20° C
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EM Calorimeter Energy resolution

Q

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

Matrix 27x27; 600um square; 5 degrees; LY ~ 1200 p.e./GeV
Matrix 27x27; 600um square; 5 degrees LY ~ 2000 p.e. /GeV

Energy resolution [%]

Simulated electron energy [GeV]
Figure 1.3. Expected energy resolution of new BEMC
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SPHENIX exploded view
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Efficiency - - Di-jets
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B-quark jet tagging
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Heavy quark provide very different
Sensitivity to collision and radiative energy

\ Loss in QGP from light quark/gluon

Probed by heavy quark jets at SPHENIX

PYTHIA p+p 200 GeV
Jet p. = 20 GeV

CDILLL

B-jet pu ter DCA based tagding

— one track cut
P, > 2.0 GeVic
g=31.9um

— two track cut

103_

102_

M P
0.05 04
DCA (cm)

DCA (cm)

102,

10F

0.1 -0.05 0 0.05 0.1

- three track cut

|

01 02 03 04 05 06 0.7 08 09 1

b-jet efficiency
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Forward spectrometer of SPHENIX:
fsSPHENIX

e Shared detector with future eRHIC program
and deliver an unique forward program with RHIC'’s pp/pA collision

e white paper submitted to BNL in Apr 2014
http://www.phenix.bnl.gov/plans.html

EIC detector GEM + H-Cal
— Forward jet with charge sign

tagging Single jetlnﬁG EANT4

— Ay in hadron collisions P, = 4.1 GeV/o, eta = 3
— polarized Drell-Yan with =\ \ jil

muons
— Forward-central correlations

+ central detector (SPHENIX) / iadrioni@alo
+ reuse current forward

silicon tracker & Muon ID
detector

Kistenev, UTFSM, 2016 26
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fSPHENIX DY — challenging and

very interesting

Statistics-kinematic Major challenge on background
coverage comparisons and potential improvement
& 20— JlLab
S | Polarized SIDIS data
gﬁ-B__ ¢ COMPASS —
& I > 10°
_ e HERMES 0 1.2<y<4.0
1.6 &)
g CLAS S 10° * Hadrons
~ Polarized Drell-Yan plan & =
1'4: E= coMPASS-II g 10k - heavy flavor+resonances
" [77] fsPHENIX 200GeV 9 = . )
' C []fsPHENIX 510GeV 'E 10° . Drell-Yan
1:— e« o . é 10 ; ’;f::,_._
B o = * - --H;
0.8~ i *‘4:—;: SRS
0.6 - _’_i_, ”
: . 2 10-1 Eg -+
0-4:_ % * ...o ¢ lo.zzl.lj.Ll.J.l..Jj—l..—T—J.'ﬁ.
B . o« ¢ . 2 4 6 8 10 12
0.2 . T . unlike-sign dimuon mass [GeV/c’]
O: | ] ] | l 11 .l 1 l | () [ P I.l | B | l | B (] | I | [t |
-3 -2.5 -2 -1.5 -1 -0.5

: 0
log, (x)

Shaded regions deliniate 5.42*% < 0.1
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Challenge: Forward field design P
Fiwj calculation in COMSOL (SB‘H).S

Length: 385 cm
Nominal field: 1.5T

Designed for homogeneous B-

field in

Field calculated and cross

checked: POISSION, FEM,
OPERA and COMSOL <
&

Longer field volume for o)
Higher c%’f
the magnet -> better forward
bending 5

needs =
field-shaping yoke: Forward &

central Hcal + Steel lampshade s

January 18, 2016

Momentum Resolution at high momentum limit

H ——fsPHENIX (EIC detector + passive piston)|- e ]
| — EIC detector concept [arXiv:1402.1209] :
— Babar w/ central HCal only

Above w/ constant coil current density
— Above w/ last station @ 1.2 m

S S N —
oo r8¢ = 100 um «|— 8¢ = 50 LY oo

i
2

I i ]
2.5 3 35 4 45
n

E.Kistenev, UTFSM, 2016 8
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High energy polarized EIC concepts

Highly polarized electron and nucleon beams
lon beams from D-> U or Pb
Variable C.M. energy from 20 -> 100 GeV (150 upgradable)

High collision luminosity 1033-1034 cm-2s-1
(HERA luminosity ~ 5x103t cm=2 s1)

e Possibility of more than one interaction regions

FFAG Recirculating Electron Rings ERL Cryomodules
1.36.6 GeV A\ e lon SRF Linac
v o source
PN ; Pre-booster
7.9-21.2 GeV vi
v Beam Dump 7
Medium Energy IPs .

9y Medium

Energy

/ Energy Recovery Linac, Collider

Coherent 132 GeV Polarized R I n g
Electron Cooler . Electron Source

Low

Energy IP 2 p 100 GeV/C
» Suppert pol.

> 250 GeV polarized proto
» 100 GeV/N heavy nuclei

el 15 GeV polarized electr
> luminosity = 1032 cm

hadrons
Detector li
electrons

100 meters
——)

From AGS
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Physics goals: nucleus as a laboratory
fo r QC D Outlined in EIC white paper, arXiv:1212.1701

e The compelling questions:

- Where does the saturation of gluon densities set
in?

- How does the nuclear environment affect the
distribution of quarks and gluons and their
interactions in nuclei?

e Deliverable measurement using electron-ion
collisions

- Probing saturation of gluon using diffractive
process and correlation measurements

- Nuclear modification for hadron and heavy flavor
production in DIS events; probe of nPDF

- Exclusive vector-meson production in eA

e Leading detector requirement:
— ID of hadron and heavy flavor production

— Large calorimeter coverage to ID diffractive e
events

- Detection/rejection of break-up neutron
production in eA collisions

January 18, 2016 E.KiSteneV, UTFSM, 2016 30



eRHIC era;: sSPHENIX based concept ==

for an EIC Detector

-1<n<+1 (barrel) : sPHENIX + Compact-TPC + DIRC
-4<n<-1 (e-going) :
High resolution calorimeter + GEM trackers
e +1<n<+4 (h-going):
— 1<n<4 : GEM tracker + Gas RICH

- 1<n<2: Aerogel RICH 1
100 — y : : N=+17L 4
—  1<n<5: EM Calorimeter + Hadron Calorimeter o
e /DC and roman pots in Hadron Direction R (cm)

300 —

R (cm)

— 300

200 — — 200

/—z <4.5m
"“’“ Outgoing
hadron

R e T B R, - —22 ______ 22 LLAe

Stationl Station2 Station3 Station4
z=12 m z>10 m
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Summary

e RHIC program in this decade is
about quantitatively studies of
QGP near T using probes over a
broad range of scales

e Initial stage of this program —
SPHENIX — just underwent
successful DOE scientific review,

e |t got substantial bust from the
shipment of BaBar magnet to BNL

e Both sPHENIX and STAR are
developing forward upgrades
aimed towards transverse spin
physics;

e Both upgrade paths could lead to
a capable EIC detector and broad
ep/eA program

Plenty of opportunities for Universities and good students

January 18, 2016 E.Kistenev, UTFSM, 2016 32
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Motto of gxperimentalist (violated dailgy)

As forthwith degclared on this dag,
Physics €xperiment €lgetronies shall contain no:
+ Blueberry Pies

+ Raspberry Pi’s
< Legos
+ Tamagoftchis
% Arduinos
< Game Controllers

< Garage Door Openers

Or ang other such tgechnologigs degmed to bg unworthy of the
profgssional and reliablg opgration of a world-class physics detector.

The control devices that we are using are the type found in military, medical
equipment and automobile engines. That’s why your car doesn’t just shut off in
the middle of the Long Island Expressway. SB, 1/14/2016
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