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sPHENIX motivation

The sPHENIX detector at RHIC was proposed to provide the capability for:

e Unbiassed jet measurements
* Including heavy quark tagged jets & photon tagged jets
* High precision bottomonium measurements

Physics focus:

e Probing the QGP at a variety of pH>>>\z<<EN|X‘ p—
length scales using hard scattered
partons

* The temperature-sensitive
coupling of bottomonium states
to the medium.

The goal is to provide data sets at
RHIC energies that will be
complementary to the very precise
jet and bottomonium data that will
be available from the LHC by the
end of Run 3 (2023).
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sPHENIX

Compact detector built around a superconducting solenoid.

BaBar Magnet 1.5 T
Coverage |n| <1.1

All silicon tracking
Heavy flavor tagging

Electromagnetic
Calorimeter

Hadronic Calorimeter

Hermetic coverage (required for good jet reconstruction).

Upsilons will be measured using dielectrons
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Brookhaven Lab proposed 10 year plan

Boam Species and Enorgies Now Systoms Commissioned

Heavy flavor flow, energy loss, Electron lenses
2014 15 GeV Au+Au thermalization, etc. 56 MHz SRF
200 GeV Au+Au Quarkonium studies STAR HFT
QCD critical point search STAR MTD
Extract n/s(T) + constrain initial
"015.16 B:R:,t g-?gf e quantm fluCtatIonS e PHENIX MPC-EX
) 200 GeV y ' Coherent e-cooling test
High statistics Au+Au Spllafiize s
Transverse spin physics
Low energy e-cooling
o o Run Remove PHENIX upgrade
- . STAR ITPC upgrade
2018-19 5-20 GeV Au+Au (BES-2) Search for QCP critical pointand onset  partial commissioning of
sPHENIX (in 2019)
Complete sPHENIX
2020 No Run . ) installation
Long 200 GeV Au+Au with Jet, di-jet, y-jet probes of parton
2021-22 upgraded detectors transport and energy loss mechanism sPHENIX
p+p, p/d+Au at 200 GeV Color screening for different quarkonia
2023-24 No Runs Transition to eRHIC
4
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sPHENIX timeline and LHC

1 1
( \ ( \
2015 2016 2017 2018 2019 2020 2021 2022
LIYTE_"I'%J LS2
Pb+Pb Pb+Pb/p+Pb Pb+Pb/p+Pb/Ar+Ar
RHIC 2021 2022
SPHENIX schedule: NJD| 3 [FM[AIM] 3 [3TA[S[OINID| 3 [F[M[A[M] [ 3 TA[S[OIN[D
PHENIX shuts down after 2016 run ‘M'
Central arm magnets and detectors removed Y
sPHENIX installed by 2020 N7
Begins running in 202 | PH><ENIX

Will run for 2 (or 3) years.
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Heavy quarkonia

Heavy quarkonia become unbound at 02T, 0.74T. 11T, 23T

different temperatures, depending on 62\7)_
their radius - so they are sensitive to Y(3S)  Y(25) _—

physics at different length scales (e.g. inh
color screening). v A I

However the modification of heavy quarkonia yields in nuclear
collisions is caused by an interplay of:

* Energy density
e Coalescence
e Cold nuclear matter effects

All of these are significant contributors, and to study the effects
of color screening on quarkonia bound states we need to
understand the role played by all three of these effects.

P
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Heavy quarkonia (cont.)

A comparison of as many heavy quarkonia systems as possible at
multiple initial temperatures offers the best prospect for
extracting the effects of color screening on quarkonia in the
presence of the other competing effects.

By comparing quarkonia yields in p+p, p(d)+A and A+A collisions
at RHIC and LHC energies we:

e Change the initial temperature by ~ 30%

e Change the underlying heavy quark production cross section
e Change details of the cold nuclear matter modification
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J/P at RHIC and LHC

The number of charm anti-charm pairs

in a central HI collision at LHC energy

is ~ 100, while at RHIC it is ~ 10. s A

S g [ WALICE (25<y<4.0, £15% syst.), {S=2.76 TeV -
(OC [ ePHENIX (1.2<y<2.2, 9% sysl.), S =02 TeV |

0.8}

o.sﬁ ' ; = )

0.4;— E% .
0.2 ”@ P -

Comparison of ALICE and PHENIX O ]l g oyl

0 200 400 600 800 1000 1200 1400 1600
data shows that at the same energy dN/dn |

density the Raa is much smaller at
RHIC.
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J/Y at RHIC and LHC (cont.)

The much smaller Raa at 200 GeV than at

> 1.2 —
. : : g 3 | mALICE (2.5<y<4.0, 15% syst.), {5,,=2.76 TeV
2.76 TeV is consistent with predictions o e 222 2ol 2 T
that coalescence of charm pairs will e f
dominate at LHC energy 08 L
8
* Supported by v; of J/Y at LHC osfl, $ g 8 m -
e Cool! But we do not get a direct :@E
. . 04 —
comparison of screening effects at : 'MEB
RHIC and LHC from the J/Y LY ;
5 L torward r'ipldlty
, | N i i ATOTT PPN TRO ORI
” \P,b_ll}b (2 76 ATCV)'_' S:gr:n;;f:z:de ] 0 200 400 600 800 1000 13;)&1‘/13(])] LG:OO
4 b=0fm o R 14
14 e 2 PO-PD {5, = 2.76 TeV and Au-Au |5, = 0.2 TeV
SRS ORI x 1.2F IS |A:ce.v..- -u-u.25<y<4‘co:rucym glodal syst. = = 8%

forward rapidity

1:‘

0.8} H- H l

06 |
0.4/ B . é
02fm @ 4 T '

o.llr.r\“v WEEE NEEEE WS
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P, (GeV/c)
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Upsilons

Upsilons have the advantages that:

027, 0.74T. 1.1T, 2.3T.
* We measure all three states at the _
same time through their dielectron A eV o)
decays YGS) y(2s)
* Bottom pairs per central collision: &
~0.05 at RHIC, ~ 5 at LHC A AL
e Coalescence should not dominate e
- R R B R LS R A LKL IR LR LA [
at RHIC or LHC S [ ¢ data ’ CMS PbPb |/s, =276 TeV ]
o0 700'— 2 o 2
* They span a large range of radii. @ "UF — PoPbm f Cent.0-100% <24
S soof- " PP shape [| L =150ub’ =
= [ p>4Gevic Y ]
So we can directly compare melting at £ 500 | -
200 GeV and 2.76 TeV on three states of @, f + E
very different size. : :
300F i
Beautiful Upsilon measurements 200t E
by CMS show dramatic suppression 100F :
of the 25 and 3S states in Pb+Pb sl sl Ta o Cappalie o
.. 8 9 10 11 12 13 14
collisions at 2.76 TeV. Mass(u*y) [GeV/c?
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Upsilons (cont.)

A calculation from a transport model by Ra

If Rapp’s group showing the

relative contributions of melting and coalescence to the Y(IS) and

Y(2S) states compared with CMS data.

This is a model in which a lattice s

guided potential is immersed in a
hydrodynamically expanding medium.

The properties of the medium modify i

the width and binding energy

The Y(2S) yield is dominated by
coalescence (“regenerated”) only

because the primordial population 0.4f

melts completely!

The Y(IS) modification is mostly due to
the loss of feed down from the Y(2S)

and Y (3S) states. The Y(IS) is not strongly

suppressed. ||

1.2f

B-A-0. 0 341 0 . 4 0 0 [ 8- 0.0 [-B 000 -0 0 1. 0.0 08 I | B 51
4t CMS PbPb \/sN' 276 TeV -
B Y(1S) Y(2S) 3
136 ¢ CMS data e CMS data =
B Primordial B Primordial
— Regenerated ----- Regenerated &
o + Il Total Bl Total &

.-L-.'_.l--_l---l 11 el
00 50 100 150 200 250 300 350 40

Zhao et aI NPA 904—905 (20|3) 611c

Nuc. Abs.

lllLIll
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Upsilons (cont.)

A different calculation in which the Upsilon is embedded in a
hydrodynamically expanding medium.

Strickland and Bazow N.P. A879:25 2012

The model results depend strongly

é LT LI PRI R LB RUELELR I llllllllllll l 101 T-‘

on the value used for n/s of the AL CMS PoPb (5, = 276 TeV E

medium, since that strongly affects the [ ¢Y(19) Ly=150ub" -

o . . m Y‘ 2 B

time evolution of the QGP expansion. | Y e i

1- : M. Strickland BE

[ Y(1S), 4m/s =3 ]

The Y(IS) Raa measured by CMS 0.8\ * mmliichdnesz

. BT e Y(28), 47/ = 2

already constrains the model oF O\l -~ Hgg{ ey o

: - Y —Y(@S), dais=1 ]

parameters, favoring n/s ~ 0.24. .

0.4 ¢ §__

CMS will have ~ 30x this much data sk rW. {f““----—— """""" ]
by 2023. ; SR i SO

Obl L1l l LAl l lalalul l LAl l L1l TFI l-i-;-#;-l-.l.#-.d

0 50 100 150 200 250 300 350 40
There are no measurements that Ny

can separate the Y(2S) at RHIC yet.
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Upsilon measurements at RHIC

. : - Y(15+25+3S) |y|<1
EXIStlng RHIC Up5||on measurements 1'8:_ ® U+U|5,=193 GeV M Au+Au |fs =200 GeV
are not comparable in quality with 1.6 # 4+Au{5,;=200 GeV < -PHENIX 52200 GeV b|<0.35
those at the LHC 1-4:_ Dp+pstat. uncertainty |:|common normalization syst.
§1.2:—
. . o 15_.s ............... RIS, ST ART—— HH
PHENIX measurements are limited to 3
. . 0.8
30-40 counts with a mass resolution =t
. 06— | :
that does not separate the Upsilon states. | + ﬁ
0.4F
02 .
STAR measurements are better than L STARpreliminary
those from PHENIX because of larger ooy

acceptance & better mass resolution. They will improve with the
addition of the STAR Muon Telescope Detector upgrade. But this
will still have less than optimum mass resolution, and the acceptance
decreases (it will not be possible to measure a statistically adequate
yield in p+p collisions).

sPHENIX will provide mass resolution good enough to separate all

three Upsilon states (100 MeV) and about 7 x larger acceptance.
|3
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Key sPHENIX Features for Upsilon Measurements

DAQ bandwidth 15 kHz with Deadtimeless DAQ
—3 Au+Au: record 100B minbias events

HCal:

* Helps reject background for Upsilon dielectron measurements

* Electromagnetic energy measurement.
* Electron ID via E/p cut and shower shape measurements.
* xX90 hadron rejection (with HCal) in central Au+Au at 70% single track
efficiency.
* Upsilon dielectron trigger in p+p, pt+Au.

Tracking requirements:
* Measure Upsilon mass via decay electron momentum with 100 MeV
resolution.
* Provide good pattern recognition in central Aut+Au events.

| 4
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sPHENIX Upsilon performance

There are three major issues for the Upsilon measurement:

e Momentum resolution adequate for 100 MeV mass resolution.

* Low enough mass in the tracker to minimize Bremstrahlung tails on
the mass peaks (a disadvantage of using electrons instead of muons).

 Good enough hadron rejection to keep background under the peaks

small. Y(1S,28,3S) > e'e” |
This plot shows the Upsilon mass | +
spectrum for the signal only from 5000 p+p, 10 weeks
a full GEANT 4 simulation for |10 o |
weeks of p+p running 6, =994 1.7 MeV

300

200

The mass width is from a crystal
ball fit.

1oof

.
| 3
v
}
» R S L R R YT T T TR Y TEU UL A
7 : : 9

IS invariant mass (GeV/c?)
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Upsilon performance - central Aut+Au

Signal+correlated background after subtraction of combinatoric background.
* Background: fast simulation based on measured yields in central Au+Au.

Background estimates assume a hadron rejection of 90 using EMCal E/p,
shower shape cuts and a HCal veto - rejection from GEANT 4 simulations.

Correlated background:
* Drell-Yan, correlated charm & bottom

Y(1S,2S,3S)
' Y(15,28,3S) | -

900 700:_ | e ++,- subtracted
800 — Total 1 RHIC AuAu run 600:— Au+Au 0-10% | Y(1s)

3 100 B MB events n 10Bevents = 1 ... Y(2S)

Backgrounds: s -

E e* e decays
7001 - B e Y(3S)

'L —DY,BBDD gt 500
600}~ R x rejection 90 - | - correlated bkg

: L DHh,Bhheh centrality 0-10% 400
500 N, scaled - *
400} 300} |
3001 N

, 200} \ ;
200F Ii H + ++ ;

n 100ﬁ | .j !
100 i : I 4 )

0"1 hE ‘ T e : 0 mamammeeet o ~...'{.‘. CRLLTTIN /s
& &5 9 B85 10 105 11 7 75 8 85 9 95 10 105 11

invariant mass (GeV/c?) 16 invariant mass (GeV/c?)
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Upsilon performance - 0-10% central Aut+Au

Expected statistical precision for the three Upsilon states measured

with sPHENIX.

The statistical precision includes
the effects of the estimated signal
to background ratio.

Would provide tight constraints
on theoretical descriptions of
RHIC energy data to complement
those provided by CMS for data
at LHC energy.

>
i

(and private communication)

Strickland and Bazow N.P. A879:25 2012

1.2 [ Strickland & Bazow
- e Y(15) NP A879 (2011) 25
1- e Y(2S) 4n/S=1
A e Y@3S) | ... 4yS=2
: n‘§\ ................................... 4371/3:
0.8 | . e
: * .......................................................
A L S
0.6 ~ S Nl ¢ L ARLEN
b\
04— | Ty
. L 3 R
o2 b -
0—1 PRSI N S T T S O r-l ] 1'1 |-1“| _1-.1“1 T‘T*.T-f—'
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Au+t+Au Upsilon pt dependence

Zhou, Xu, Zhuang arXiv:1309.7520

1.4r I | | I
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Upsilons in p+A

p+Au data is of interest for two & [ ous oo (s caTov_OVS P o270 Tov -
reasons: =[O Malctenlaimt &N <Rl L 1S0M
* The modification in p+A collisions ;ﬁi‘z; T R s
is a necessary input when trying to e 1 Skt
understand the modification in A 20k ¥ p-Pb
+A collisions. 2 | + :
e The physics of quarkonia :O‘Bg_ :
modification in p+A collisions is e B
interesting in its own right. I Pb-Pb
; T

Existing pPb Upsilon data from LHC: e FEs

* strong suppression of Y(IS) RRNAT (S = 276 ToV. inlusve Y(1S). p, >0

1 9[- * ALICE: L., =69 ub", 0-90% (open: reflected)
* differential suppression of Y(25) - w CMS:L,, = 150 b, 0-100% (PRL 109 (2012) 222301)

& Y(3S) relative to Y(IS) ‘ '

-
-
A
’ -
o >
-
..
..

Should have excellent pPb Y data by : R /
the end of Run 3 from CMS at {3 M. Strickland arxiv-1207.5327 -4

. . e 0.2| Boost-invariant plateau ==4nn/s = 3= 4nn/s = 2==4nn/s = 1
midrapidity, and ALICE at forward/ | Cousinpofe  --defo=3- dme = 2—dure
c 1: -4 -3 -2 -1 0 1 2 3 &

backward rapidity. 9 y
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Upsilon performance - p+Au

< 1
o
0.9

0.8

Estimates of the Ryay precision 0-7

vs Ncoi from a 10 week p+Au 06
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Summary

The sPHENIX detector will provide a comprehensive set of Upsilon
measurements at RHIC by about the end of LHC Run 3.

* Improvements in RHIC luminosity for p+p collisions will provide an
excellent baseline measurement for all three Y states in 10 weeks.
* A MB data set of |00 B events is expected from 22 weeks of Au+Au

collisions, enabling high precision Raa measurements for all three Y
states.

* A |10 week p+Au run will provide a high precision cold nuclear
matter baseline for the AuAu data.

This high precision Y data set at 200 GeV/A collision energy will, when
combined with the very precise data set from the LHC, strongly

constrain theoretical models of the interaction between the Y states and
the medium.

21
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Backups

22
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sPHENIX Tracking configuration

Layer radius

sensor pitch sensor length sensor depth total thickness

area

2

(cm) (ym) (mm) (ym) % Xo m
1 2.7 50 0.425 200 1.3 0.034
2 4.6 50 0.425 200 1.3 0.059
3 9.5 60 8 320 1.35 0.152
4 10.5 240 2 320 1.35 0.185
5 44.5 60 8 320 1 3.3
6 45.5 240 2 320 1 3.5
7 80.0 60 8 320 2 10.8

23
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Upsilon yield estimates

Lum. elD Trigger
Species weeks [sampled or . &6 Y(IS) Y(25) Y (3S)
recorded efficiency | efficiency
p+p 10 175 pb-! 0.9 0.98 8770 2205 155
W 2 | ppe | 049 10 5625 1415 740
g_;ﬁ; 0 | 1200nb' | 0.8 0.9 2950 740 388

24
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STAR MTD performance
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Table 2. The T statistics estimation for different collision systems at RHIC-
IT era. Deli. Lumi.: delivered luminosity in 12 weeks in 2013. Samp. Lumi.:
sampled luminosity in 12 weeks in 2013. According to the efficiency of STAR, we
use 70% as the estimation. Min. Lumi.: required sampled luminosity with 10%
precision on T(35) state. Min. Lumi.Il: required sampled luminosity with 10%
precision on T (2S5 + 3S) measurement.

PI BT R
300 350

collision system | Deli. Lumi. | Samp. Lumi. | T counts | Min. Lumi. | Min. Lumi.II
200 GeV p+p 480 pb~! 336 pb~! 930 420 pb~! 150 pb~!
200 GeV p+p 200 pb~! 140 pb~! 390
500 GeV p+p 1200 pb~! 840 pb~! 6970 140 pb~! 50 pb~!
200 GeV Au+Au 22 nb~! 16 nb~! 1770 10 nb™! 3.8 nb~!
25
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