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SPHENIX

New detector for the RHIC facility at

BNL (USA)
New Collaboration formed
>70 institutions and counting

For studies of the strongly interacting
guark-gluon plasma using jet, photon
and heavy-flavor observables.

Time line:
CDO Review - Sep 2016
CD1/3a Review - May 2018
Installation complete - 2022
Running - 2023
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Cold Nuclear and Spin Physics with sSPHENIX
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Jet and ht
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Photon / 0O

EMCal sector
24 modules Tungsten-scintillating fiber sampling EMCal:
x8 towers each e Erer . . .
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Allows for y/n0 discrimination up to ~20 GeV/c
The range of statistically significant measurements
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Gluon polarization AG [%=%(Aq+Ac‘1)+AG+LZJ

EIC White paper: arXiv:1212.1701 DIS+RHIC(<2009)
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AG projection |

Theory curve and band: NNPDF
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Brings us to era of high precision AG measurements:
Will crucially improve AG constraint at x>0.05

AGdx-integral at x>0.05 expected to be improved by a factor >4

Multiple channels with different theoretical and exp. uncertainites
Crucial syst. cross check

Complementary to the future EIC
Crucial universality test in the overlapping x-range 9



Quark transverse polarization
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proton

First measurements in pp to access transversity:

Collins asymmetry (hadron within jet)
TMD approach

IFF asymmetry (di-hadron)
Collinear approach

sPHENIX expects to contribute high
precision data for these

As a dedicated jet detector with excellent
tracking resolution and high DAQ bandwidth

Will allow for multi-dim binning
Will provide crucial tests for factorization and

universality of distr. functions
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Parton correlations and

TW i St' 3 St r u Ct u re transverse motion within
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kT and T evolution

PHENIX: PRD 98, 072004 (2018) PHENIX: 1809.09045
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Evolution of non-perturbative kT and jT Away side peak broadening in pA
through correlation measurements No modification of near side peak =>

Sensitive to TMD factorization breaking fragmentation not modified
sPHENIX will provide high precision Different mechanisms under
measurements from jet-jet, y-jet, h-h, y-h, consideration: Cronin, energy loss,

including correlations with spin additional initial kT
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NPDF

Eur. Phys. J. C77(3):163 (2017)
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sPHENIX will provide a comprehensive set of measurements:
h, jet, dijet, v, y-jet, DY to cover 0.02<x<0.4
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Forward Upgrade Proposal

Solenoid 1.4T + Forward EMCal & Hcal
EMCal & HCal + Forward tracking
Tracking
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h Jet

Hadron in Jet: Collins Asymmetry
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Dijet A
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fSPHENIX will considerably improve it

Effective jet triggering and high DAQ rate

Higher rapidity => Lower x (down to ~10-3)
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DY for nPDF

Current nPDF are mainly constrained by DIS data (affected also by final state effect)
DY: no final state effect, kinematics reconstruction at LO, directly tag antiquarks

Full GEANT simulation
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Unique kinematics coverage Can do measurements at 5<m<8 GeV/c?

compared to fixed target and LHC

A comprehensive set of measurements will be crucial for nPDF: DY, y+jet, jett+jet, HF



Fragmentation in a Nuclear Environment

Phys. Lett. B577, 37 (2003)
Phys. Lett. B684, 114 (2010)
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Hadron production in e+A
suppressed compared to e+p
=> fragmentation modification

Kaufmann, Mukherjee, Vogelsang: PRD 92, 054015

h Jet

Access fragmentation
function (FF) through
p+p(A) = (et h)+X

Direct access to gluon FF

Japlétdn doPP €10 X/ golet) 4 /1 z, [pb)

—~~—
\

10'°

10°}

10%}

7

107
108 L

10°}

4

107

10°

#2<u<2p§¢
#2<u<2ﬂ7¢
DSS error EEEE

PP — (et x) X, VS =7 TaV

15 GaV < pf'< 20 GeV, |n| <05
antik, A =04

CT10, DSS14

01 02 03 04 05 06 07 08 09
z,

20



Summary

In additional to exciting QGP program sPHENIX will provide
a broad range of high precision Cold QCD measurements

Even more opportunities with proposed forward instrumentation

sPHENIX — new collaboration with >70 institutions and 1s
growing

Invite new collaborators:
New physics ideas
New instrumentation
The possibility to evolve sSPHENIX to a DIS detector at future EIC
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Backup



The Tracking detectors

Functions:
TPC - momentum measurement

MVTX - precise track vertex

INTT - timing & pattern recognition

sPHENIX Collaboration 9 User's Meeting June 12-15, 2018



The Tracking Detectors (in GEANT 4) HQ

TPC - Gateless, continuous readout

* 90:10 Ne-CF4 gas - low diffusion + high ion mobility

* Electron drift velocity 8 cm/pus - 13.2 us maximum drift time
* Quad GEM electron multiplier + chevron readout pads

* 48 layer readout covering 30 - 78 cm radius

* R-¢ resolution ~ 150 um
* Ap/p ~ 1% at 5 GeV/c Average mass budget of
inner detectors

INTT - Silicon strips
*4layers 7<R<13cm MVTX ~ 0.3% / layer
* Pitch 78 um, Z length 1.6-2 mm (1% total)

* Fast - can resolve one beam crossing

INTT ~ 1% /layer
MVTX - 30 pm x 30 pum MAPS pixels (4% total)
«3layers 23 <R <3.9cm
« Readout time window +5 pus
* ~ 5 MM space point precision

July 19-20, 2018 MVTX Director’s Review 243



Calorimeters

EMCal

Tungsten-scintillating fiber sampling calorimeter
18 Xo, 1A

An x Ao =0.025 x 0.025

Read out by silicon photomultipliers

2D projective geometry

Small Moliere Radius, short radiation length
Energy resolution < 16%/NE @ 5%

HCal

Sampling calorimeter

Magnet steel plates / scintillator tiles
3.8A

AnxAd =0.1 x0.1

Read out by silicon photomultipliers
Doubles as the flux return for the solenoid

OUTER HCAL

INNER HCAL

.....

sPHENIX Collaboration 14

User's Meeting June 12-15, 2018



Aschenauer, Sassot, Stratmann, PRD 92, 094030
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