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sPHENIX physics program

Jets and jet substructure

Vary momentum,
angular scale of
probe

Upsilon spectroscopy

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

Vary size of probe

Open heavy-flavor

u,d,s

Vary mass of probe

Cold QCD

Study cold nuclear
matter effects

See talk on heavy-flavor physics on Friday by Thomas Marshall
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SPHENIX detector

cryogenic chimney

€

Tracking detector:

o MAPS-based Vertex Tracker (MVTX) SC magnet
o Intermediate Silicon Tracker (INTT)

o Time Projection Chamber (TPC) it reflirh GeoF

INTT

outer HCal

Superconducting Magnet
o 1.4T solenoid magnet

inner HCal
EMCal

Calorimeter: TPC

o Electromagnetic calorimeter (EMCal)

o Inner hadronic calorimeter (inner HCal)

o Quter hadronic calorimeter (outer HCal)
support carriage

High rate DAQ and trigger systems

o 15 kHz trigger



SPHENIX calorimeter

Full calorimeter covers 2 in azimuth
and || < 1.1

EMCal:
o Sampling calorimeter of scintillating

fibers embedded in tungsten blocks
o An X A = 0.025 X 0.025 towers
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https://ieeexplore.ieee.org/document/9321702

SPHENIX calorimeter

Full calorimeter covers 2 in azimuth

and |1]| <1.1 ~ 12r
g ° EMCAL+HCALIN+HCALOUT
EMCal: e AE/E = 2%(8p/p) ® 13.5% @ 64.9%/\E
o Sampling calorimeter of scintillating S 0s % HCAUNSHCALOUT (EMCALMIE)
- : = | =2% 5% .9%
fibers embedded in tungsten blocks S :’ZELOZ ‘fgﬁéf;:i; or .gp/) HE
(O} - A +
o An X A = 0.025 X 0.025 towers X osf AEJE = 2%(3lo) © 17.1% & 75.5%/\E
Inner and outer HCal: 0.4~
o Sampling calorimeter of scintillating tiles "
and Steel absorber plateS E IEEE Trans.Nucl.Sci. 65 (2018) 12, 2901-2919
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https://ieeexplore.ieee.org/document/8519782

SPHENIX calorimeter

6 e
Full calorimeter covers 2 in azimuth
and || < 1.1

OUTER HCAL
EMCal:

o Sampling calorimeter of scintillating
fibers embedded in tungsten blocks
o An X A = 0.025 X 0.025 towers

Inner and outer HCal:

o Sampling calorimeter of scintillating tiles INNER HCAL
and steel absorber plates

o An X A¢p = 0.1 x 0.1 towers

Calorimeters read out with SiPMs



SPHENIX run plan
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Year | Species snn | Cryo Physics Rec. Lum. Samp. Lum.
[GeV] | Weeks | Weeks |z| <10 cm 1z| <10 cm
: Large luminosity
<
1 %eaat;u”t'l 2023 | AutAu | 200 |24(28)| 9(13) 3.7 (5.7) b~ 45 (6.9) nb~! in first year

2024 | plpt 200 |24(28) | 12(16) 0.3 (0.4)pb~! [5kHz] | 45(62) pb~!

4.5 (6.2) pb~1 [10%-str]

2024 | pT™+Au | 200 = 5 0.003 pb~! [5 kHz] 0.11 pb~!

0.01 pb~1 [10%-str]

2025 | Au+Au | 200 | 24(28) | 20.5 (24.5) 13 (15) nb! 21 (25) nb~!




Why jet measurements at RHIC?

| Jet Virtuality Evolution \
RHIC E, = 20-80 GeV i
RHIC QGP Medium Influence ;;;}’
LHC E, = 100-1000 GeV gl

LHC QGP Medium Influence /

) ///
| = arXiv:1501.06197
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= Different QGP:
= Temperature/temperature

evolution different
between LHC and RHIC

Scale [1/fm]




Why jet measurements at RHIC?

0 I EEEEE—————————————————
arXiv:1501.06197

= Different QGP: . RHIC @ 200 GeV _ LHC @5.5 TeV (solid), 14 TeV (dash)
= Temperature/temperature %ot Sost
evolution different St goof
between LHC and RHIC 27 Quark Jet Fraction (LO)|  207F
0.6]- 20.6]-
%o.sé— go.sé—
= Different probes: R04f 204k
= Different quark vs. gluon %t Gluon Jet Fraction (LO) | 24t
jet mixture 02f 02F

= Lower kinematic range- BN ME

radiation close to the QGP ¥ @ W Wm0 i i s i o

medium scale early in
collision



Jet kinematic reach
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Projected yields Projected Ry,
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Expect jet measurements out to 70 GeV- overlap with LHC measurements
High stats for photons (y-jet measurements) and charged hadrons (fragmentation functions, substructure)
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Trigger Efficiency

Jet kinematic reach

1 AU, SURSY
1 | St e L L LT LT LT B e
- sPHENIXG4 Sim~ = * 1
p+p dijet events +
O.8j - ]
- * —4
0.6 + L + ~
L + - -
0-4__ > + & —+-E§‘:f,f,,‘°>1s GeV |
i & N i
0ok * e me S
I : 4 ” ” -+— Eppcs’ > 25 GeV ]
0 i $ 1 | ‘M’m ol® o 3+ 2 | 2 4 ) | -
0 5 10 15 20 25 30 35

Reconstructed R=0.4 jet P; (GeV)

Calorimeter jet trigger allows for
high statistics, high py jet
sample + unbiased pp reference

3 year run plan projection

Signal Au+Au 0-10% Counts | p+p Counts
Jets pt > 20 GeV 22000000 11000 000
Jets pt > 40 GeV 65000 31000
Direct Photons pr > 20 GeV 47000 5800
Direct Photons pr > 30 GeV 2400 290
Charged Hadrons pt > 25 GeV 4300 4100

From: beam use proposal



https://indico.bnl.gov/event/11884/attachments/34524/56472/sPHENIX_BUP_2021.pdf

Calorimeter jets in sSPHENIX
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0 Constituents: An X A¢p = 0.1 x 0.1 towers (EMCal + HCals)
o UE subtraction: two iterations, subtract:

dzET dEy determined
dnd¢ - dn L+2 Z Vn €08 (1 (¢ = F)) event-by-event

Method from: Phys.Rev.C 86 (2012) 024908



https://journals.aps.org/prc/abstract/10.1103/PhysRevC.86.024908

Calorimeter jets in sSPHENIX

13

0 Constituents: An X A¢p = 0.1 x 0.1 towers (EMCal + HCals)
o UE subtraction: two iterations, subtract:

d’E. |dE;

dnd¢ | dpy

) Z v, COS (n (¢ _ \Pn)) determined

event-by-event

Average energy
density, excluding
regions with jet
candidates

Method from: Phys.Rev.C 86 (2012) 024908



https://journals.aps.org/prc/abstract/10.1103/PhysRevC.86.024908

Calorimeter jets in sSPHENIX
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0 Constituents: An X A¢p = 0.1 x 0.1 towers (EMCal + HCals)
o UE subtraction: two iterations, subtract:

d*E; |dE
- - 1+22vncos(n(¢—‘1’n))

dnd¢ | dp

e

determined
event-by-event

Average energy ;

density, excluding Flow modulation: v, v, v,

regions with jet

candidates Method from: Phys.Rev.C 86 (2012) 024908



https://journals.aps.org/prc/abstract/10.1103/PhysRevC.86.024908

Calorimeter jets in sSPHENIX
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= high

Jet energy scale (EM scale)
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Particle flow jets in sSPHENIX
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O Ong_omg wor_k to _|mplement 8 O pHENIX Ga Simulation [
particle flow jets in SPHENIX 3 © R=04,p™" =30 GeV :

§ 0.08 — — Calorimeter Jet (EM-scale) —

T B w=0.759, 6/ u =0.154 i

o Takes advantage of E .06 — Particle Flow Jet -
calorimeter + precision 2 [ IERSEEte )
tracking 0.04}- .

. 0.02- _

o Excellent energy response in - )
simulations : T e T

pp C)O 0.2 0.4 0.6 0!8 I1 1.2 1.4

Jet Response (p*® / ptT'“th)
0 Use for substructure
measurements



Jet measurements in sSPHENIX
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o Study at RHIC:

Full characterization

o Path-length dependence of of final state

energy loss

o Mass dependence of energy loss
(light vs. heavy flavor jets)

Different QGP
iNnitial conditions

and evolution

o Flavor dependence of energy loss at RHIC and LHC

(quark vs. gluon jets)

o How does medium resolve jet Same hard process

substructure?




(1/N,,)(dN/dA)

Dijet asymmetry

7 n_L I I I I I | 1 I I I I I I I | | I I I I I I I I I Jj
- sPHENIX MIE 2018 .
6 Dijets, R=0.2, p_ > 50 GeV -]
= P e generator-level B
E reco-level, p+p E
4:_ :""E —— reco-level, Au+Au b=4-8fm -
3 - _=‘="5_._ —#— reco-level, Au+Au b=0-4fm -
E s -
2 = —
- : - N
1 R = ]
- e .

0_1 11 I 1 11 I 1 11 I | I S | I 1 I-I-.l--T.T-l.'-l.Tm
0 01 02 03 04 05 06 07 O
A,

Study path-length dependence
of energy loss

Potential early measurement of
jet quenching at RHIC energies

_ Pra —Pr,2
Pra T P2

A;
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(1/N,s,) dN/dA¢

Jet v,

o
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® pro;ectlon Years 1-3
— 1+2vV) Res( 2) COS(2 (¢Jet 2))
. |

Projected yields
T T I T T T | T T T I T T T | T T T I T T
SPHENIX Projection, Years 1-3

,fe‘>4o GeV, vE' = 3%, Res(¥,) = 0.
Au+Au 10-30%

o
|q.'|||

'I|

o

0.2

0.4

] I
06 08 1 1.2 1.4
jet

A, =¢

Correlations between energy
loss and initial state = path-

length dependence of energy
loss

SsPHENIX event plane detector
(seEPD) allows for
measurements of event planes
away from jets of interest (see
talk by Rosi Reed on Thursday)
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(1/N,s,) dN/dA¢

Jet v,

Projected yields Projected v,

0 66 _' ot N D L L L L e e e T T Ei.(\l 0_1 _ L 1L (L I L L B B T T T T |:
' SPHENIX Projection, Years 1-3 - = 0.09F SPHENIX Projection, Years 1-3 =
- p:' > 40 GeV, vy = 3%, Res(¥,) = 0.5- Q2 -~ Au+Au 10-30%, Res(¥,) = 0.5 =
0.65F Au+Au 10-30% - 3 008t E
B 7 (@] - _
0.64 — 0.06 E
- ’ 0.05 ;— —
0.631~ — 0.04F E
- ] 0.03 i— e e + * —i
062 projection, Years 1-3 - 0.02 ;_ _;
[ — 1+2V; Res(¥,) cos(2 (¢ - ¥,)) ’ 0.01F —
= 1 1 | 1 1 1 | 1 | 1 | 1 1 1 | 1 1 1 | | 1 | | 1 1 1 | 1 1 im : :
| | | R | | | ™

0 02 04 06 038 1 1.2 1j.:tf 00 10 50 30 20 50 60 20
Ag,=¢ -, Jet p_ [GeV]

Simultaneous explanation of R, and v, ongoing "puzzle”



Photon + et
21

y AT High statistics allow for photon
S 4 b SPHENIX Projection E + jet measurements
= “E JEWEL 2.2.0, T =260 MeV .
> 3F- Years 1-3, p_ >30 GeV - _
= = m 62 b’ samp. p+p - Photon provides unquenched
2.55— e 32 nb'samp. Au+Au (0-10%) + _E tag of jet momentum
2 =
1.5 —¢—_¢_+=+= = Flavor dependence of energy
£ —— _+_ = loss
e . :
0.5 7
S +—+— N = : jet
Ob —m r®—®% | e g s Pr
0 02 04 06 08 1 12 14 Xjy = —%
Photon+Jet x & pT




Jet substructure
22 R,
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()] PR C
I i ol A g SPHENIX Projection, Years 1-
: : i yr - ' = 10p—~— JEWEL 2.2.0, T = 260 MeV =
= Fine segmentation of t v P> 40 GeV, 2, = 0.1, B=0 .
calorimeter + good WPz || g —— " p+p i
. . , \| [ i e Au+Au (0-10%) ]
tracking resolution - | J [ & P
\ | / f 4 - —_— |
allows for substructure NN/ .
\ b,\ \\‘ / 'l —_——
measurements W\ [/ s S
1 \ 'f 4 - — o
= Study how the medium ¢ I ]
resolves jet substructure 01 015 02 025 03 035 04 045 05
_ Jet Zoy
min(pr 1, Pr,2)
Zg =

P11+ Pr2



b-jets
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Projected R, Projected v,
¢« 12— 7V 1 o oo T o 0_3_.|,.|.|.|‘....|.]..|...[:
% - SPHENIX Projection i 005 SPHENIX Projection, Au+Au, Year 1-3 =
1— b-jet Anti- k R=0.4, 0-10% Au+Au, Year 1-3 | E beiet. Antik Re0.4 0.70.R 05 ]
" p+p: 62pb” samp 60% Eff., 40% Pur. j 0of Driet Anti-k R=04, in|<0.70,Res(¥ )= E
0.8 Au+Au: 21nb’ rec., 40% Eff., 40% Pur. . - 21nb’'rec. Au+Au, 40% Eff., 40% Pur. -
g i 0155 __@— 0-10% AusAu E
® o 0.1 ——— 10-40% Au+Au E
- - 0.05} 3
- [ LIDO, arXiv:2008.07622 [nucl-th] 0 @ ¢ + ¢ + ® ¢ E
0.2 pQCD, Pth Lett B726 (2013) 251-256 b _0.05F =
B gmed 22 ] - ]
0||......1...- ........... Lo by _0.1||11|||||11|||||1111|11|—
15 20 25 30 35 40 45 5 20 25 30 35 40
p, [GeV] p, [GeV]

= MVTX allows for tagging of heavy-flavor decays
= Study mass dependence of energy loss



Jets in small systems
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g o p+Au data:
£ L - o Cold nuclear matter effects

— direct photons o _ .

1 ’"""*H’H’ & o Potential for energy loss in small systems

OEsPHENIX Projection T o + cold QCD spine measurements

20 =
: : >‘\'0-16_""|""I""|""I""I""I""I"'a

1 — inclusive jets H + + ] T 14 ) SPHENIX Projection, Year 2, p+Au 0-10% 1
— -A—A—A-A-A-A-A-A-A-A-A-A-A-A—A—4-A-A-A-A—4- — 41— f -]
— N 8 =Y % Res(¥,) = 0.20 (SEPD) -
~  Year2:62pb” p+p i '?2_)' Galie e o Hadrons i
- 0.11 pb™" p+Au & o E § -

0 , p pl 0'1;? Jets ]

2[C N 0.08[# =
N Z 0.06* =

: i charged hadrons 5 - :‘_ .‘“ E
- : 0.02f- **l- S . * ----------------- =

0 — . . ' l . . I 0 g— """"""""""""""""""""""""""""""""""""" —E
2 = % oy g0 005075 20 25 30 35 40

p, [GeV]
Jet or Hadron P, [GeV]
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Status and timeline

o Detector assembly ongoing at
BNL
o Magnet installed in October
o Outer HCal installation complete
o Inner HCal and EMCal construction
ongoing
o High statistics simulation
campaign ongoing
o Prep for processing real data + use
for performance studies

o Data taking to being in Feb. 2023

Y'e'éfye rday!




Summary
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o SPHENIX detector will provide:

o Full coverage electromagnetic and hadronic
calorimetry

o High precision tracking
o Fast readout rate

RAA

o Design allows for:

- SPHENIX Projectio 0-10% Au-+Au, Years 1-3

o High statistics samples of hard probes (jets, S 2t hbree Ay
photons, high p; charged hadrons) 08 e direct y or 32 nb” samp. AurAu-

o Full jet reconstruction - complimentary jet — .
measurements to LHC 08 o 1 E

04} A—A-A—A-A—A~A—A~A—A—A—k AA4++%% ]

o Measurements will improve our - ,..........,H,.H... E
understanding of small-scale behavior of . ]
the QGP %0020 30 40 50 60 70 80



