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The Big Picture at RHIC (and the EIC...)

A+A Collisions

8/30/2018

pT™+pT Collisions

ISMD 2018
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p+A Collisions

Saturation
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The Big Picture at RHIC (and the EIC...) D

How do collective, many-body phenomena arise from first-principles QCD?

p+A Collisions
¥=In1x?t

A+A Collisions

Saturation
In@iv)=AY

Dilute system

pT™+pT Collisions

8/30/2018 ISMD 2018 2



Strongly-Coupled Quark-Gluon Plasma

8/30/2018

viscous hydro —

= kinetic theory

= lattice QCD

== AdS/CFT limit

= viscous hydro
+ flow data

2 s o)

Tys TCy » - -

2006

2008

2010

2012

2014

SPHEQRIU X

Established viscous hydrodynamics as effective theory of long-
wavelength dynamics of QGP

Direct connection of final state correlations to structure and
fine-structure of initial state

Extracted QGP properties quantitatively, most prominently
transport coefficient n/s ~ 1/(4n): most perfect liquid

Connections to strong coupled matter in many fields of physics

(string theory to cold atoms)
ISMD 2018 3



SPHENIX Science Mission TV

Short

Wavelength
How does QGP work?
S
© ° ° . .
3 What is its microscopic structure?
Long
Wavelength

There are two central goals of measurements planned
at RHIC, as it completes its scientfic mission, and at the

AT ety < CB(1) Probe the inner workings of QGP by resolving
ts properties at shorter and shorter length scales. The

omplementarity of the two facilities Is essential to this

Section 2.2, page 22

LONG RANGE PLAN
for NUCLEAR SCIENCE ﬁ
experiments planned at RHIC.

| — T

8/30/2018 ISMD 2018 4




NP LRP: “Probe the inner workings of QGP” )

Three key approaches to study QGP structure at multiple scales:

Jet structure Quarkonium spectroscopy Parton energy loss
vary momentum/angular scale vary size of probe vary mass/momentum of probe
of probe

_______________
-

u,d,s

Y{(3s) Y(2s) Y(1s)

b

8/30/2018 ISMD 2018 5




Complementarity: Why RHIC and LHC? "%

A. Ramamurti- E. Shuryak,arXiv:1708.04254

3.0+ = Pm (lﬁttice) S S ___E_.__.....-e:|
—= pm (pressure) i,,-""' i
2.51 === Py (pressure) /" Quasi-particle density
-=- pqy (pressure) . =
egi 2.0 e e e = e ——— :".I’l Vs temperature
/ | i
El : P e / domo 'ﬂ
0§ g e | 7 S
0.51
[ . S !
0.0 4 __...i.'....-’.{""---—...._...___
0 1 2 3 4 5
TIT;

Structure of QGP expected to depend on T

Initial QGP conditions and QGP evolution are
different at RHIC vs LHC.
RHIC QGP spends more time near T

8/30/2018

B

M. Habich, J. Nagle, and P. Romatschke, EPJC, 75:15 (2015)

50 e s
: « ... . ééfo
° c'.o.' §,
L] I3 t-\\
&
kinematic reach
d SPHENIX projections | | o20m Aveas
' S i 1
10 06 :b-hl *—°—++—
04 +: 4-%%‘
02 :hir% 1
L T mr e e e a
_ P, (Geve)
2 medium coupling
- Qu@ . *
i -l Y(15.2535)
Y(2s) -
Y(3s) ’
€@
1 . i /l' »
T. oT, 3T, 10007e
e DEIfECT lIQUIC  — tE‘:[TlpermUl"e
ISMD 2018 6
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Complementarity: Why RHIC and LHC? ™

M. Habich, J. Nagle, and P. Romatschke, EPJC, 75:15 (2015)
A. Ramamurti- E. Shuryak,arXiv:1708.04254

3.0.—_ P (léttice) "__%__....-—-T‘I 50 | cege Q}cg’
= Pm (pressure) ;;""— : ,‘- ...O.... §
2.51 =-- py (pressure) /"' Quasi-particle density =9 ng‘\
-=- P, (pressure) LA
% 2.01 = : vs temperature kinematic reach
g 1 5 . ..... ’— ------- o < | mx.w". uil 0-20% AusAu
QU <2 f x3 08 4::" :
1.0+ s g e —+H il
:: ......,..::.I.I_ "TTfl’
0- 9 q“‘fa“*ﬁ**ﬁ“"a“j‘;*a“ﬁ";
0.0 TS A 5 r:nedium cqupling
0 1 2 3 4 5
T/Tc | Y(2s)
Structure of QGP expected to depend on T Y(3s) e
€@
. . . . . 1 - ’)’[ :_
Initial QGP conditions and QGP evolution are = = - ——
different at RHIC vs LHC. — perfect liquid = temperature

RHIC QGP spends more time near o w Jse combined RHIC and LHC data to extract T dependence

8/30/2018 ISMD 2018 6



State of the art detector for:
Jets
Upsilons
Open heavy flavor  outer HCal

inner HCal

Il | T.‘
ST

. solenoid

INTT& MVTX el By o~ EMCal
- TPC

/

8/30/2018 ISMD 2018 7
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SPHENIX Subdetectors

Calorimeter stack
Tracker

OUTER HCAL

INNER HCAL

Continuous readout TPC Tungsten/SciFi EMCal

Si strip intermediate tracker Steel/plastic scintillator HCAL
3-layer MAPS-based U vertex SiPM readout

15kHz readout in Au+Au to match expected collision rate in |z| < 10cm
8/30/2018 ISMD 2018

O
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Realizing SPHENIX e

2015 2016 2017 2018 2019 2020 2021 2022 2023

R L .

sPHENIX Today! Installation
science MVTX progurement review and o
collaboration commissioning

|M TX Directdrs

DOE pr@--procurenent review First physics
Science Review DOE CD-0 apprdval Soffware&Computing review data taking
“Science missioh”

—

DOE CD-3b review
“Construction”

eview

MVTX proposal edule”
E CD-3d review ||DOE CD-1/3a approval! I
Jktime procurement”
4PHENIX Director’s review
MVTX Director’s review sPHENIXJDirector’s review
SPHENIX @ EIC Letter of Intent

HCAL procureant review

8/30/2018 SsPHENIX forward upgrade proposal ISMD 2018 9



Full field magnet | ‘
testat 1.4Tat -~ i
BNL on -

2/13/2018 } /

Realizing SPHENIX ol

| _'I =

Flux return/oHCAL absorber
Production sectors will start
arriving September '18

EMCAL materials

»

MVTX full chain test and ‘ pu;chase ,

beam test in Spring 2018 : Sn erway’/’,

Expecting stave >ector 0
production

tin late 2018
procurement in late starting 2018

Beam test of TPC prototype

inJune 2018
INTT telescope beam test in Spring 2018 L Ahdesssats sed Ready for producing of full-

Detector will be delivered by Riken size field cage “prototype”

8/30/2018 ISMD 2018 10



™ ° o )
Performance simulation: Track and Jet resolution @

Track pT resolution (central Au+Au) Single jet resolution (central Au+Au)
2:—0-'_ 0-1_ g\ 0_7:TII|]TIII|IIIJIIIIIIIIII]IITIlIlIIlITlIliTII:
I 2 ol AutAub=0-4fm 3
5ol 8 | - R =0.2 anti-k jet :
L V 050 - olu=150%/\p.[GeV] -
0.06— central Au+Au 2 0-42 g
: store-average Linst ”:.’0 g__'— ; 35_ i T o _:
i 0’0'. .0’... LS . . —.—'“ - i 7 ]
0.04- ™ S - s —o:s.. ]
I 0'.. 0'..' PP 0.2 —— =3 =
B 0”’.‘... K ?
0.02- o350 SPHENIX 0.1 -
[ simulation - sPHENIX MIE Simulation i
t. _I L1l | L1 11 I L1 | L1 11 | L1l [ L1 1 | L1 11 | L1l | L1l I_
Om,.w....|....1..“11“;1;...|....|....t 15 20 25 30 35 40 45 50 55 60
0O 5 10 15 20 25 30 35 40

p, [GeV/c] truth [ [GeV]

Calorimeter-related performance studied using GEANT simulations verified with test beam data
8/30/2018 ISMD 2018 11



MVTX enables world-class HF science program 8D

Layer 1 Layer 2 15||||||||||||||||||||||||||||||||||||||
N ; (dz) = 0.005 + 0.000
107 o,, =0.116 + 0.000
- Hit spatial resolution: <5 um
— FNAL test beam results
10 E
107 E
107 e E
107 E
MVTX based on copy of ALICE staves with i - o o -
support structure modified for sSPHENIX W10 8 6 -4 £ 8 8 10

track dz [npixels]

8/30/2018 ISMD 2018 12



Upsilons at SPHENIX vs. LHC s

c—:l"-h 800 L LA L L L B L L B B B - r L e e T n
->‘=3 "~ data CMS PbPb s, =2.76 TeV E ﬁ :
& 70 — popPbfit || Cent 0-100%, |y|<24 2500 V(19 ]
. :_ ------ pp shape Lint =150 I_Lb'1 _: | Central Au+Au |
S OO L 4 Gevie ] 5 Vsnn = 200 GeV :
PR . 2000 sPHENIX =
£ 500 5 CMS data = " * projection -
e - i . F .
LLI . n - .

400 - : Y(ns) >+ - 1500: Y(ns) > e*e .
S00E 7 1000 .
2001 - X ]
g - 5007 e
1005 . - -

E | | | | | | E %_ 1 L 1 L l L L L 1 l L 'l 1 L I 'l L 1 L l L L L L I 1 L

% 9 10 1 12 13 14 8.5 9 9.5 10 10.5

Mass(u'w) [GeV/c?] Invariant mass, GeV

Sequential suppression of Y(nS) states reveals QGP Debye screening length
As at LHC, Y(3s) will be challenging to see in Au+Au at RHIC

8/30/2018 ISMD 2018 13
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Jets In SPHENIX vs.

y+Jet momentum balance
=5.02 TeV
Vun

LHC

y+Jet fragmentation function

PbPb 10 nb™

. VS = 502 TeV PbPb 10 nb™, pp 650 pb™'
' aws rawn ] |Direct
o J s CMS Projection o re L
4F memPoroo-30% N Hybrid 1 Imeasure of T RS o0 ek G156 1 |Modification of
" —— JEWEL + PYTHIA . . i
12F ST G 1 |parton . 181 pp (smeared) 1 |parton shower
[ y D p:":»lGeV!c . .
g . 1 |energy loss ﬁz [ o ji 08 4 in QGP
= p_> c 1. - o .
g8 T <144 4 /1IN QGP _OF&B’ 3 ¢ >30Gevic - =
o b 57;_,1 : _ - h<16 =1 .
anti-k, jet F;rz 0.3 7 & - p,>60GeVic —.—_‘_- .
,¢T : - i R — e
Py >30 GeV/ic ] i <144 EENET .
iets  F = -
| e projections for
______________________________ - Run [I+1V
I 15 2 Bs 1 15 2 25 3 a5 4 45
_ et Y l
Xy = P; ,pT EP

8/30/2018 ISMD 2018 14



Jets In SPHENIX vs. LHC

y+Jet momentum balance

Vo = 5.02 TeV PoPb 10 nb"
i L L L L l L L L L l L L L] L ' L L L] L
- CMS Projection Direct
C EWEPbP0-c0% I Hybrid measure of
- — JEWEL + PYTHIA
- LBT (2017) Pa rton
- energy loss
p’ > 100 GeV/c .
! In'| <1.44 IN QGP
LIz
w T8
— 1 |[ ] I Il[ll[lill[lll][ill'l!ll
X%- B iy R generator-level b
g i p¥>40 GeV —i— reco-level, p+p ;
S 0.8 R=02Jets :*: —#— reco-level, Au+Au b=0-4fm
2_ i { 1 SPHENIX MIE projection |
- = 1
=~ 0.6}~ =
X : :
0.4/ $ + —
| o= ?t: 4
0.2 ; n
| e |
I P TOIE yt- ]

8/30/2018

soa oo lged i 1y r—‘a....“l.ll,l,
02040608 1 12141618 2
Xy, ISMD 2018

sSPHEQRI X

y+Jet fragmentation function

VSun = 502 TeV PbPb 10 nb”, pp 650 pb™'

_ CMS Projection
i '® PbPb Cent. 0-10 %
- 18 pp (smeared)

[ p:" >1GeVic
- anti-k; jetR =03

3F > 30Gevic =]
[ WPi<16 <]
- ! >60 GoVic -o—_,_.
2 T —
L Wl <1.44 —a
I 7n o s
T g projections for
o Run [H+IV ]
llllll llll' llllllll.lll llllll I L
B85 1 15 2 25 3 35 4 45
g

Modification of

parton shower
in QGP

14
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Jets In SPHENIX vs. LHC

o

P

1.6

14

5

08

y+Jet momentum balance

VS = 502 TeV

SPHE

y+Jet fragmentation function

1 X

PbPb 10 nb™, pp 650 pb™'

Vo = 5.02 TeV PoPb 10 nb" '
i LJ T L] L l L L L L l Li L L] L ' L] L L] L
- CMS Projection Direct
T B8N PbPb 0 - 30% 0 Hybrid measure Of
. —— JEWEL + PYTHIA
- LBT (2017) Pa rton
- energy loss
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: e 1 lin QGP 2y
g ORI ;
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e LM (s i okl |
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= :-.-':d: ]
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02040608 1 12141618 2

8/30/2018

Xy, ISMD 2018

s CMS Projection
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Heavy flavor at SPHENIX vs. LHC T

i VS = 5.02 TeV PbPb 0.2 nb VS = 5:02 TeV pp + PbPb
“F C d
- CMS ® Charged hadrons 1.61- CMS _ ¢ (pI:a:gSeod(::V;f:gz b’ Open heavy
0-35E Projection |I] D° o - Projection (p; > 50 GeV), 10 nb”
= «“ ” 1.4 ﬂ r
o — Elliptic flow e (501 07y < 20Ge), 021t avo
- e - D’ (p; > 20 GeV), 10 nb :
0.25F measures c 12 - projections for [®1] B, 10 nb” ) suppression
A — o and b quark RNV % _Nempromot sy 100" || probes flavor
“Ee .. < [
=% 15" mmm SUBATECH thermalization o8l dependence
| in medium ok .. of energy loss
= -l
- | 02r Centrality 0-100%
_0.05 :_ Centrallty 30_500/0 0_[ 111 1 1 L1 1111 I 1 L1 1111 | 1 1 11
L1111 | || | || | || | || | | | || | | | | 2
0 5 10 15 20 25 30 35 40 1 E,(T) (GeV) 10

p, (GeV)
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Heavy flavor at SPHENIX vs. LHC g 2
”l VS = 5-02 TeV PbPb 0.2 nb™ VSyy = 5.02 TeV pp + PbPb
“*F Charged had
0 35:_ CMS ® Charged hadrons 1-6,_ CMS . y (pTa:gsz sz;?g_sz b Open heavy
“°F Projection E D P ; - Projection (p; > 50 GeV), 10 b fl
e -~ CUJET 3.0 Elliptic flow T4 5] 0 (p, <20 GeV), 0.2 nb” avor
i = " LHC D’ (p,; > 20 GeV), 10 nb™' suppression
- — LBT measures C 1.2¢ m 1
0'25:_ o —— PHSD - projections for * Eior: grr;?npt Jhy, 10 nb™
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Heavy flavor at SPHENIX vs. LHC T

- ISy = 5.02 TeV PbPb 0.2 nb™ VSnn = 5-02 TeV pp + PbPb
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Realizing and running sSPHENIX &)

2015 2016 2017 2018 2019 2020 2021 2022 2023
sPHENIX Today! Installation

science and

collaboration commissioning

tart physics
ata taking
2023 2024 2025 2026 2027

First data taking campaign Second campaign Towards the EIC
p+p, p+Au, Au+Au p+p, Au+Au

8/30/2018 ISMD 2018 16
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SPHENIX @ EIC

— Study group (incl. non-sPHENIX members) working on
niy|gendve THE NATIONAL ACADEMIES PRESS EIC detector design based on sPHENIX

¢ hepiinap edu251 71 Cl

An Assessmenl of U.S.-Based Electron-lon Collider Science

DETALS
114 pages APES K
H9Ts -4
CONTRIBUTORS
. 1o an o - I o
Pripsics and Asronomy. Desion on Engneenng and Physca Scernces: Naona
o3 man 4

Timely: US National Academies of Science
recommend construction of EIC

Visitthe National Academies Press at NAP.edu and login or register to get
Acxcens © oo PIF doaniback of haunands of siertdc mports

10% of e pnce of prnt BSes

-ux return ] Central tracking
B Forward/backward tracking
N Particle ID

SR ] Solenoid
Spociad oftors and dncourts Electromagnetic calorimeter
I Hadron calorimeter

caors of now S9es miated 0 your inferests

)& buion. pCaling £ s POF = = o W P a . - 4 =1
Reged P@mmoe | vk s <rwite ndicited & b iain i e POF e cogynhted by e Natond Acadeny o ¥

Deliver LOI by end of September ‘18

8/30/2018 ISMD 2018 17
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Bl Solenoid Bl Flux return Bl Central tracking

Electromagnetic calorimeter
I Hadron calorimeter

8/30/2018 ISMD 2018 18



sSPHEQRI X

Bl Solenoid B Fiux return Bl Central tracking
Bl Electromagnetic calorimeter Bl Forward tracking
I Hadron calorimeter I Particle ID

8/30/2018 ISMD 2018 19



Strong interest in Cold QCD with sPHENIX

8/30/2018

ety $4LDCT-01 1001

June '17: Modest forward upgrade, following invitation by ALD to STAR and
sPHENIX.

Exciting p+p and p+A program, but also strengthening of core sPHENIX

program through high-rate, high resolution, large acceptance calorimetry
and tracking

Medium-Energy Nuclear Physics Measurements with
the sSPHENIX Barrel

Oct '17: Medium-energy physics with sPHENIX Barrel

Demonstrates wide range of physics opportunities with MIE detector

ISMD 2018

SPHE

20
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Forward sPHENIX D

* SPHENIX
* HCal/Flux return
e Solenoid
e Central EMCal
* Silicon strip tracking
e TPC
* MAPS

8/30/2018 ISMD 2018 21



Forward sPHENIX D

e EIC-sPHENIX detector

e HCal/Flux return

* Solenoid

* Extended Central EMCal

e Central hadron PID

e TPC

* MAPS

* Forward and backward tracking
 Forward and backward hadron PID
e Backward crystal EMCal
 Forward EMCal

* Forward HCal

8/30/2018 ISMD 2018 21



Forward sPHENIX &

e EIC-sPHENIX detector

e HCal/Flux return

* Solenoid

* Extended Central EMCal

e Central hadron PID

e TPC

* MAPS

* Forward|and backward tracking
 Forward and backward hadron PID

e Backward crystal EMCal

Cold QCD program enabled by e Forward EMCal

early realization of some EIC- .
SPHENIX detector components! Forward HCal

8/30/2018 ISMD 2018 21



Multiple Datasets...

Central (|n|<1) + Forward dijets (1.6<n<3.6)
(used primarily to fix normalization)

16 T T I

20 < Myj;er < 30 GeV

14

dopau/dopy

0.8 EPFS16

BEPPS16rw

I T I T
30 < Mggje < 40 GeV

I I
40 <0 Mgjjet < 50 GeV

dopan/dopy

I [
T0 < Mgjjer < ﬁﬂ) GeV

l E sPHENIX pseudodata
| | | |

Ydijet

-1 0 1 2

Ydijet

EPPS16 reweighting by H. Paukunen and P. Paakkinen

8/30/2018

SPH

Can we use multiple datasets (with similar systematics)
to overcome the normalization limitation?

1.5

pAu PP
dopy /dopy

0.5

1.5

pAu PP
dopy /dopy

pAu pp
dopyy /dUDY

ISMD 2018

Forward DY (after normalization fixed)

T TTT] T T T T 17717 T TTT] T T T T 17017 T TTT] T T T T T 017
M =47 GeV M =61 GeV M =72 GeV

EPPS16
BEPFPS16rw
-+ f — f — i 1
M =52 GeV M =65 GeV M =176 GeV

i sPHENIX pseudodata

10-3

10—

2 10—3

102 10—

L2

1072

22




Multiple Datasets...

Central (|n|<1) + Forward dijets (1.6<n<3.6)

(used primarily to fix normalization)

SPH

Can we use multiple datasets (with similar systematics)
to overcome the normalization limitation?

Forward DY (after normalization fixed)

1.5 \ TTTT T
ol I
F 1.6 T T T T TTT0  T TT T T T TTTm o 1.6 T T T T TTI0 T T T T T 7T . 1.6 T T T T TTT0m] T T T T T TTTm
E 14| - % 1.4 14| 2
&Q
5 12f 1 2 12 & 1.2
;1 ool S 1
o ™ |
X 0.8 L 0.8 R 0.8
“ 0.6 g 0.6 Qi 0.6
> 04 . = 0.4 £ 04 4
~+ EPPS16 "3
2z 0.2 - mEPPS16rw - - 0.2 f‘x:t” 0.2 -
Q: 0 I T T A W T A I WA DC: U [ 1 I T O A | 0 NI 1 T T A W T A I W[
10— 1073 1072 107t 1 10-% 103 102 107! 1 1074 10-3% 10=2 101 1
r I r
I_I | 1 | I_I I I | f;_‘t':a l
1 0 1 2 1 0 1 S 05 ; ! € I € _
Ydijet Ydijet v f §oPHNIX d—Idt
EPPS16 reweighting by H. Paukunen and P. Paakkinen o 0=% 10— i 10—
8/30/2018 ISMD 2018 " " i 22
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* SPHENIX will probe microscopic structure of strongly coupled QGP

* New state of the art detector at RHIC, complementing capabilities
at the LHC:

* Jet suppression and substructure
* Upsilon spectroscopy
* Open heavy flavor over full kinematic range

* International collaboration, growing to include EIC and forward interests
* Work on sPHENIX is in full swing
* Exciting physics program at RHIC in 2020’s, and possibly beyond at EIC



sPHENIX collaboration: 70+ institutions

Augustana University

Banaras Hindu University

Baruch College, CUNY

Brookhaven National Laboratory
China Institute for Atomic Energy
CEA Saclay

Central China Normal University
Chonbuk National University
Columbia University

Ebtvds University

Florida State University

Fudan University

Georgia State University

Howard University

Hungarian sPHENIX Consortium
Insititut de physique nucléaire d’Orsay
Institute for High Energy Physics, Protvino

Institute of Nuclear Research, Russian Academy of Sciences,
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Growth of collaboration since CD-0

2016 2017 2018

UNIVERSITY OF CALIFORNIA UN I VERS I T Ye

f§ TEMPLE

UNIVERSITY

~
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BERKELEY LAB

eeeeeeeeeeeeeee y National Laboratory

Broad expertise in relevant physics, silicon, TPCs, calorimetry @) 2 I
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Complementarity of RHIC and LHC "%

High pr @LHC:
Extend kinematic reach vs RHIC
Add new probes

e ———— s ——————

VASASAAA RHIC Today [ < sPHENIX AAAAAAA LHC Today I LHC Run 3+4

Low pt @RHIC:
Extend kinematic reach vs LHC
Lower background fluctuations

T ] T T | I B B | I ] ] T T T T LI
007 -
Tz, 7dddizz
: WA —
Single Hadrons < 7777
A A IS
and Jets O iz D Mesons
B Meso#gs
iz e
e )
/7777777 Oiets (Pr.)
40-5 Ensemble-based
) ) measurements q y+Jets (p,7)
Jet+jet and photon+jet 2 and x+hadron =
. correlations
correlations x add low py reach NEN S )
| [S—— Double b-Tag (p+,)
L 1 1 1 L1 11 I |
10 10 Overlap in kinematic reach:
pr [GeV/c] Study the same probe for different QGP evolution
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A Comprehensive nPDF Program...

* Existing RHIC data will provide some info to the nPDF global fits...

* Real progress will require comprehensive set of measurements made
with the same detector, in the same run, with the same MB trigger
conditions...

* Of course, two detectors doing complementary things would allow for a suite
of systematic crosschecks
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* Existing RHIC data will provide some info to the nPDF global fits...

* Real progress will require comprehensive set of measurements made
with the same detector, in the same run, with the same MB trigger
conditions...

* Of course, two detectors doing complementary things would allow for a suite
of systematic crosschecks
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e Central DY
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* Existing RHIC data will provide some info to the nPDF global fits...

* Real progress will require comprehensive set of measurements made
with the same detector, in the same run, with the same MB trigger
conditions...
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STAR prompt

 Additional Observables | photons
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. EPPS16 including
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 Statistics an issue, but theory under control
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* Excellent gluon constraint, work needed to include in nPDF fits for mesons .
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* Existing RHIC data will provide some info to the nPDF global fits...

* Real progress will require comprehensive set of measurements made
with the same detector, in the same run, with the same MB trigger
conditions...

* Of course, two detectors doing complementary things would allow for a suite
of systematic crosschecks

STAR prompt

e Additional Observables | A ccr:mlprefc;enslive p+(;6\ program at RHIC,IOI < photons
with alrea anned running time, cou g
* Central DY cany P ne . g
make significant progress in improving N
* Photon + Jet our understanding of nPDF’s! 3

 Statistics an issue, but theory under control
* Heavy flavor
* Excellent gluon constraint, work needed to include in nPDF fits for mesons

g

EPPS16

. EPPS16 including
STAR pseudo-data
| e vl

R Au

0
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SPHE

Fragmentation in a Nuclear Environment

Phys. Lett. B577, 37 (2003) .
Phys. Lett. B684, 114 (2010) Hadron production in e+A suppressed

compared to e+p — must be a
fragmentation effect!

Kaufmann, Mukherjee and VogelsangPhys.Rev.D 92 5, 054015

: : 10'° - -
JEI FF (nDS) ' (LI Pr/2<p<2pf
4 Js T P O TN N | P IPRT TR [ PRP IV [P o | P TR (PP, IPETIN | oAy TPV O (IS - 109_ Fﬂ?ﬁ'?ﬁ}l<2p‘?t ]
025 05 075 025 05 075 025 05 075 025 05 075 IS 0SS orror B
Z Z Z Z - -y SR U IO eeeas
5 108}
%— 107}
Access fragmentation e
functions (FF) through g o10° 0P — (et 1) X, S = 7 TeV *
. = 15 GeV < pl'< 20 GeV, | < 0.5
p+p(A) -> (Jet h) X ; 105+ anti k,,R=5.4
Qb CT10, DSS14
©
104} *
&
=, 403

01 02 03 04 05 06 07 08 009
Zp
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SPHE

Phys. Lett. B577, 37 (2003) L
Phys. Lett. B684, 114 (2010) Hadron production in e+A suppressed

- - compared to e+p — must be a
e +| fragmentation effect!

VogelsangPhys.Rev.D 92 5, 054015

Important . . . .
ook FFaDs) . = measurement for P2 <p <2l
hy 1 I (TIPS LPIPLTI W v | i) PP | . 3 B Y2 <pn<2p®
025 05 075 025 MpD . x R SIDIS at the EIC! . pss errTr D
A | . e $ Tz :_..' : LD saaii
! NLO =
! “;:-‘:\5 '1{;,” 7 ’(ﬂ::’/;;;s\
Access fragment I/~
functions (FF) th A
p+p(A) -> (jet h)
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Multi-year run plan for sSPHENIX =&

Year | Species | Energy [GeV] | Phys. Wks | Rec. Lum. | Samp. Lum. | Samp. Lum. All-Z
Year-1 | Au+Au 200 16.0 7nb! 8.7 nb~! 34 nb~!
Year-2 | p+p 200 11.5 — 48 pb! 267 pb~!
Year-2 | p+Au 200 11.5 - 0.33 pb~! 1.46 pb!
Year-3 | Au+Au 200 23.5 14 nb~! 26 nb~! 88 nb!
Year-4 | p+p 200 23.5 = 149 pb ! 783 pb !
Year-5 | Au+Au 200 23.5 14 nb~! 48 nb~! 92 nb~!

- Consistent with DOE CD-0 “mission need” document
- Incorporates BNL C-AD guidance on luminosity evolution
- Incorporates commissioning time in first year

Minimum bias Au+Au at 15 kHz for |z| < 10 cm:

47 billion (Year-1) + 96 billion (Year-2) + 96 billion (Year-3) = Total 239 billion events

For topics with Level-1 selective trigger (e.g. high pt photons), one can sample within |z| < 10 cm a total of 550 billion events.
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Tracking efficiency and resolution

Tracking efficiency (central Au+Au) Track pT resolution (central Au+Au)
L | L) L R IR L | LI L L | =
g i | | | l ppl | l ] 2 oal
.g 1_ ......................................................................................................................................... ] = G(pT)S 10%@40 GeV
: e | *>n
u: L
- 0.8l central Au+Au ! 0.08
= - store-average Linst 90% efficiency i
[ 3 ] -

En 0.6~ - 006" (entral Au+Au i
o o ] - store-average Linst ees™e’ |
04__ __ 0.04( “'.0;::. ’,o’

: : N .ﬂ’.::"'.. PP
0.2 SPHENIX - 0.02-  _ eetiee””
i simulation | R 5/_3 HENI)'(
i | W simulation
0Illllllllll]lllllllIII]I]IJII'II[I[IIJI omllI|III|||ITII|IIIIIIIIIIIIFIIIIIIIIIII
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40

P, (GeV/c) p, [GeV/c]
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Inclusive DIS: x, Q2 resolution based on scatteredsmﬁ

electron detection sufficient for EIC science
program

10°E 1

L
S | 10x100Gev Precise recovery of event
O 4ok kinematics from smearing effects
E possible using unfolding.
1[]E
1 0
10° 10" 10° 107 10" 1

X

Fraction of events reconstructed in correct x, Q2 bin
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Continuous tracking from -4 <n <4

(Linear term)

Since 2014 LOI:

Full GEANT4 simulations now

—
oI
(3% ]

Momentum Resolution, 6(1/p) (1/GeV)

o
SPHEQRIU X

2014 LOI - arXiv:1402.1209

e—going

T

barrel

| o -GEM (2 & 3)
e TPC + -GEM (1 & 3)
— TPC
| s h—-GEMs with rdo=100um
| s h=GEMs with rd6=50um

h-going

-3

=2

-1

* Forward/backward pattern recognition from

truth hits, then Kalman filter for fitting

Extended backward tracking ton =-4

8/30/2018
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1 2 3 4
Improved TPC resolution based on sPHENIX
design
MVTX added

5 forward GEM stations now rather than 3
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Calorimeter coverage to n= -4 captures all DVCS =&
photons

18x275GeV 1< Q2< 100 GeV? B ef | | | B
< - N
z 4: 40— | -
=k IGODO r - I I SPHENIX
o 20/~ ‘ FundAll
23_ —{5000 / .
L 0_ =
- : - EICROOT A
1 — 4000 _20F- I ‘ -
0;_ 3000 40— —
e 01000 2000 3000 4000 5000 6000
n 2000 Z(cm)
2
S w0 Detection of scattered (intact) proton
i  Beam line dipoles and quadrupoles
<428 2 4 0 1 2 3 4 © ) .
Gap in EMCal coverage in electron-going direCtiemn |nC|uded N G EANT
would impact photon detection in particular
less for hi@her energy electron beam
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Calorimeter coverage -4 <n <4

-4<n<-1.55 | PbWO4 2cmx2cm

-1.55<n<1.24| W-SciFi 0.025 x 0.025

1.24 <n<3.3 PbScint | 5.5cm x 5.5 cm

3.3<n<4 PbWOs4 | 2.2cmx2.2cm

Fe Scint +
-1.1<n<1.1 Steel Scint 0.1 x0.1

-1.24<n<5 Fe Scint 10cm x 10 cm
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Cold QCD with sPHENIX barrel e

Charge from ALD, delivered 10/2017 jet Au direct y AwL
<:'| i i 50.1_ sPHENIX dir.y proj.
| sPHENIX B "
| :w_.lmxpr&m GeV i ,:Tj:‘:ﬂa :
SPHENIX. =ote $8H-cQC0-2017-000 [ |r||<1 .1 ) = " :
Medium-Energy Nuclear Physics Measurements with i pb" i I TLI:;D: :UI:WP :S?fﬂ

the SPHENIX Barrel 0.04 - Theory curve: DSSV14

0.05
0.02-— -
Pr (GeV/c) P; (GeV/c)
dijet kinematics in sSPHENIX barrel
"
SPHENIX Simulation
The sPHENIX Collaboration i =200 GeV

October 10, 2017

p+p—jet+jet+X

Projected capabilities for observables in
longitudinally, transversely polarized
collisions, nPDFs
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Jets with positive hadron z>0.5
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An Unresolved Mystery..

AnDY: Phys. Lett. B750 (2015) 660

0.05 '
| stat. band
coomes Ay DY data
0.04 .
pp — jet X vs = 500 GeV n=2325
003 .
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0.o1 i

|:| - -
-0.01 .
-0.02 ! ! !

o 0.2 0.4 0.6

s

A cut on the charge of the leading hadron
changes the composition of the jet sample
(Pythia simulation).
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Jets with positive hadron z>0.5
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Soft-drop grooming combined with a Cambridge-Aachen type decomposition of a
jet found with an anti-k; algorithm — provides detailed information about the first
parton splitting!

An excellent way to study cold QCD effects in fragmentation in detail!
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