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Relativistic Heavy-Ion Collided (RHIC)

RHIC energies, species combinations and luminosities (Run-1 to 16)
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% RHIC — nckntountenbHO rubkui n HagexHbIn YCKOpUTESb

% ObwupHas pusnyeckas nporpamma:
v p+p, p+A, A+A npu MakcumarnbHoii aHeprum \syy = 200 3B (9 kombuHaLmi)
v nporpamMmma CKaHMpOBaHus N0 3Heprumn B3anmoaencTeus (13 aHeprun)
v @QVHCTBEHHbIN Konnangep ny4koB NonApu3oBaHHbIX NPOTOHOB, P ~ 70%



Relativistic Heavy-Ion Collided (RHIC)

Luminosity evolution of hadron colliders
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PHENIX setup

2012 PHENIX Detector

¢ LleHTpanbHBIE CIIEKTPOMETPHI: 'S G e, -
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2 KaMepbl: aKTHBHAs IUIOIMIAAb - 2 M X 7.5 M; aKTUBHBINA 00beM - 1.5 M3

MOAYJIbHAsA KOHCTPYKIHUS AETEKTOPA:
eounas mumarnosas gepma, 6x20 oonomuntwvix mooyieu, 2-a MAlapoBvlX OKOH

OpHUTHHaIbHAs MPOBOJIOYHAS CTPYyKTypa cTpyiHoro tuna (~ 20,000 nmpoBoiok) :

o~ 120 mxm, o, ~ 1.5-2 um, o,~ 1.5 Mm 2> % =0.7%®0.9%-p[[B/c]
p

ra3oBas CMECh:
Ar + C,H, 6 pasnoii konyeumpayuu + 1.6 % napoe uzonponunosozo cnupma

JIK MOJHOCTBIO YIOBIETBOPSIOT MPEAbIBISIEMbIM TpeOOBaHUAM, popadboTanu 16 et

bonee 80% Bcex ¢usnueckux pesyasratoB DEHUKC nonyuens! ¢ ucnons3oBanuem JIK



Discovery of sQGP

¢ B 2005 rogy (QM-2005) Bce komrabopanuu Ha RHIC chnenanu 3asBinenue
00 OTKPBITUH HOBOT'O COCTOSIHUS — CHIIbHOB3auMoaencTByromiei KI'TI

¢ 3agsiaenne ®EHMKC o0ycnoBieHO 00HApYKEHUEM B U3MEPEHUEM:

v’ adekra rameHus CTpyi

v/ 3IUTMITHYECKOTO TI0TOKA, €r0 N, - MACIITaOUPOBaHHUs
v/ BBIXOJa MATKHX IPAMBIX (POTOHOB

v’ IoaBjIeHNE KBAPKOHUS
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Jet quenching

PHENIX Au+Au (central collisions):

[ ] Direct y
A ¥ Preliminary
L n
GLV parton energy loss (ngldy =1100)
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systematic error

statistical error

Au+Au @Ns = 200 GeV, 0-10% Centrality
- PHENIX PRELIMINARY [ uncertainty in Taa

uncertainty in p+p ref.

R
Naa
A

(1) g hat = 0 GeV?%fm

0.8 = (4) dN,, / dy = 1000

i

0.6— 2) q_hat = 4 GeV?/fm
0.4—
0.2 {
C (3) g_hat = 14 GeV%fm
O_I L1 | L 111 I 1111 | 1111 | 1111 I L 111 | L 111 | | | | L 111 | L 111
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P [GeV/c]

“ Bbixog agpoHoB cunbHO noaaeneH (R,,=0.2!) no 20 MeB/c B ueHTpanbHbix A+A

% OTcyTcTBME NOAABNEHNSA AN Vyirect 1 @OPOHOB B p+A = 3P EKT KOHEYHOIO COCTOAHUS

s OguHakoBoe nogaBneHne ans nerkux aijpoHOB - ﬂapTOHHbIIZ YPOBEHDb

s Tshkenble C-KBApPKM UCMbITbIBAKOT CyLLLECTBEHHbIE SHEPIreTn4eCKne noTepn

» MogenbHoe onncaxue: £ > 15 MaB/pm3; dN /dy > 1100

- Obpasyrwasics cpeda obradaem 8bICOKOU 2/TlOOHHOU M1I0MHOCMbHO

- HavanbHas nnomHocme aHepauu >> Heobxooumou 0111 ¢pa308020 riepexoda



Elliptic flow (v,)
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Y girect INV- yield ((GeVic)™)
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Soft direct photons

AutAu - y+X  [0-10% central]

ummmnn Frompt NLO pQCD « T, [0-20%]
e D.d'Enterria-0. Peressounko. T, = 530 MeV. 1,=0.15 fmic
— 5 Rasanen etal T =580 MeV, 1, =0.17 fm'c

DK Srivastava. T, = 450--600 MeV, 1,=0.2 fm'c
e 5. Turhicle et &l T, = 370 MeV, 1,=0.33 fmc

J.Alam et al. T, = 300 MeV, 1,=0.5 fmic

@ e 0 P *» [lepBoe n3mMepeHne Bbixoga MArKUX NPSIMbIX

—— Thermaly {D.d'Enterria-Peressounko) + pQCD ¢

PHENIX preliminary

dooToHOB B A+A B3aMMOOENCTBUAX
“ Bbixog cpotoHoB npesbiwaet N ,,-pQCD

% Mogenu: T, ~ 300-400 MeV

0

2 3

4 5
p; (GeVic)

—> HavanbHasi memnepamypa T, >> Tc

= Bbicmpas mepmanu3sayus (7, << 1 ¢pm/c) 10



Quarkonia

J/y nuclear modification factor R, ,

2
1.2

Grandchamp et al. hep-ph/0306077 suppression+regen
Zhu et. al nucl-th/0411093 transport in QGP
Bratkovskaya et. al nucl-th/0402042 HSD Model
Kostyuk et. al hep-ph/0305277 SCM Coalescence

U #*  d+Au |yl=[1.2,2.2]
[+B #*  Authu fy|=[1.2,2.2]
#  Cu+Cu|y|l=[1.2,2.2]
Au+hu |y|<0.35
Cu+Cu |y]<0.35

0.6

0.4

0.2

Pll-iENll)(|::n=.|.~limirl1ary'| | |
OIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

0 50 100 150 200 250 300 350 400

+»» Bbixoa J/¥ nogasneH

++*[MopnasnenHne He onucbiBaetca CNM
agopekTamu

¢ PesynbraThbl cornacyrotcs ¢
MOAerbHbIMU pacyeTamu,
npegnonaratowummy nogasnenve J/'V B
nrasmMe 1 nx pereHepaumio

- PacninaeneHue yapmoHus ([ebaesckasi akpaHUpoOe8Ka 8 riyiasme)
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Discovery of sQGP

“ B ueHTpanbHbIX A+A B3anmogenctemax npu aHepruax RHIC obpasyetcs cpeaa,
obnapatowas cneagyowmmMm CBOMCTBaMMU:

v’ BbIcTpas Tepmanuaaums (ty << 1 dpm/c)

v’ ngeanbHas xngkocTb (n/s ~ 1/41); cMNbHO-CBA3aHHas!, He ras

v £ >15 aB/dm3, T, ~ 300-400 MeV - npeBbileHbl ycnosusa anst asoBoro nepexoia
v" dNy/dy > 1100, BbicOKas rMoOHHas NNOTHOCTb, Cpefa He Npo3payHas]

“* Hn ogHO 13 caenaHHbIX 3aknioyeHn He 6b1o onpoBeprHyTo 3a 10+ net, B TOM
yucne n ¢ 3anyckom LHC

+»» Bca panbHenwasa gearenbHoctb PEHMKC 6bina ceBa3aHa ¢ bonee getanbHbIM
N3y4eHMeEM CBONCTB 06pasyoLerocsi COCTOSIHUS MaTepum B TECHOM
COTpyAHMYECTBE C COOBOLLECTBOM TEOPETUKOB ANA Bonee NomnHom MHTepnpeTaunm
nosy4yaemMbix pesysrisraTtoB
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Jloctuskenus INNAD

% JKCnepmMeHTanbHoe n3yyeHne cBOMCTB nerknx agpoHos (w, K, n, n’, p, ¢, ® n 1.4.)
% HoBble pesynbrartbl, Nyb6nMkaumm, BoICTYNNIEHNA Ha KOH(epeHUMsx
** KysHunua kagpos:

v’ 4 xaHanpaTcKkMx amcceptauumn + 1 nnaHmMpyeTcs

v 1 gokTopckas gucceprauns
v ALICE, CBM ...

% PWG-LF, PSB (PHENIX Speaker Bureau)

% AHanu3 gaHHbIX NpoAdoskaercs ...

13



2
p+p [ fit dzc!dedn, d Nfdedn / TD‘A (mb / GeV)

Jet production: p+p and Cu+Au @ 200 GeV

PhysRevLett 116.1 2230]
11 — d+Au, \,js = 200 GeV —  Cu+Au, | Sy, = 200 GeV, anti-k, R = 0.2 jet . .
10 — anti-k,, R=0.3 jet SE 0-20 % [#]40-60%
102 —t- - PHENIX s PH ENIX 4]20-40%  [¥]60-90%
2 + i o —— — preliminary
1 0 E ////w —— ke L " o sl . ;—
10* //’//////m@ i, * ke + b 2
10° 5 hal + -
. -20'% ><10‘1 % e T ] ¥ B R BN SRR $ ARRERR -
1 O- o 3 Wi},,v ke +
, 0-40%, x10 e 8
1 0- \m sw “tta, -
10°® =
1.5 A
1.0 2
05 : | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
20 p. (GeVic) 30 q 15 20 25 30 35 40
T P, (GeV/c)

¢ IlepBbIe pe3ynbTaThl MO BEIXOAY CTPyH B p+p u Cut+Au npu \/SNN =2001I>B

¢ He tpeOyroT 3Hanms GyHKINNA (pparMeHTaIIH

.0

» N3mepenust B p+p xopomo Bocrpou3oastess NLO pQCD (NLOJET++ with NNPDF2.3)

R/
000

Poxnenne cTpyi ogaBiICHO B JiBa pas3a B LIEHTpadbHbIX Cu+Au CTOJIKHOBEHUSX;
HEOOIBIION U30BITOUYHBIN BBIXO B EpUGEPUITHBIX B3aUMOJICUCTBUSIX

R/
000

Cnabas py 3aBucuMocts i R, 4, B 001aCTH U3MEpEHUI
(ala Pb-Pb @ 2.76 TeV, Phys.Lett. B746 (2015) 1-14) 14



Heavy flavor: Cut+Au, Aut+Au @ 200 GeV

electrons @ mid-rapidity

: ; 1.2
1.6t (a) —_— e ﬁ, g m PHENIX Cu-going {5,,=200 GeV 1.2<y<2.2
14 p— e né 1 ® PHENIX Au-going |s,,=200 GeV -2.2<y=-1.2
T (c+b)—e E i O ALICE Pb+Pb |5,,=2.76 TeV |y|<0.8
1oL Phys. Rev. C 84, 044905 (2011)| | o
2 = 0.8 A CMSPb+Ph |5, =2.76 TeV [yj<2.4
“---EIJJ . PRC.93.034904 (2016) = L
. = - o
i S . PH ENIX
e 1 preliminary
0.4) #
0.2}
‘ ) , , ) ) ) ﬂ- 1 L rli, ' i L ‘__I.L L é L L i é i i L Ili:] L L ]2
0 2
1 2 3 4 5 6 7 8 9 Iy P, [GeV/c]

pT [GeV/c]

¢ AutAu: mogapieHue i “b-kBapkoB” citabee, ueM “‘c-KBapKOB’ B 00J1aCTH
IIPOMEKYTOYHBIX ITOMEPEUHBIX UMITYIHCOB

¢ Cu+Au: Beixog J/V ot pacnaga B-mMe30HOB nomasicH ciadee HHKITIO3UBHEBIX J/YV

15



X8 HpI/IHLII/IHI/IaJ'IBHBIG YIYyHIICHUA HC BO3MOKHBI ITPY UMCIOIICMCS 7KEJIC3C U HaKOIJICHHOM

Jets: perspectives

CTaTUCTUKC

“* Uto TpeOyIOT TEOPETUKH:

v

D N NI NN

W3MEPUTH BBIXOJ CTPYH B p+p, p+Au, Au+Au

pPacUIMPUTh AUANa30H U3MEPEHUH 110 Py

YMEHBIINUTh HEONPEACICHHOCTH U3MEPEHMH (CTaT. & CHUCT.)
U3MEPUTD Y gireer — JEL KOPPETIALUT

M3MEpHUTH BbIXOA b-tagged cTpyn

¢ Uto 11 3TOr0 HEOOXOAMMO SKCIIEPUMEHTATOPAM:

v VBenuueHHe CBETHMOCTH ITyYKOB M CKOPOCTH cOopa aanubix (DAQ)

v AJIPOHHBI U 3JIEKTPOMArHUTHBIN KAJIOPUMETPHI, ~ 47T aKCENTaHC

v Jlocrarounsiii BepiuHHbI Tpekep (VTX)

- HyxxHa Hosasi aKkcriepuMeHmarbHasi ycmaHoeKa

16



Quarkonia

= Original idea of color screening by Matsui and Satz, 1986:
v’ sequential melting of quarkonium states
v’ relative yield measurements can be used as QGP thermometer

= Real life turned out to be more complicated:

v J/W¥ suppression does not increase with collision energy SPS — RHIC — LHC

mé L Nuclear modiﬂcation factor mé 1T II:](;lulSI:lelJI/ LU I 1T I 1T I 1T I LU I LI B ) I ]
7] [ st b i ' .i| ® ALICE, Pb Pb s, =502TeV,25<y <4,p_<8GeV/c ]
I O PHENIX, Au+Au, |y|<0.35, + 12% syst ]
LH &4 5 HABE: Pl Ot £H% uyst, 1 o] ™ ALICEPbPb (sw=276TeV,25<y <4,p_<8GeVic N
0.8 T > NABD, In+In, 0<y<1, + 11% syst. i O PHENIX, Au Auys, =02TeV,12<ly| <22, p.>0GeVic .
A : + 0 NA38, S+U, O<y<1, £ 11% syst. 1 ks *
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= Need to account for many effects:

v" recombination of open charm; the higher the energy the larger the contribution

v nPDF, nuclear absorption and co-mover dissociation

= So far no agreed interpretation of results

part

1.2

<T¢

1/r) [fm1]

Y(15)
Xb(lP)

J/p(1S) Y'(29)

% (2P) Y'(35)
x(1P)  w(2s)

17



Charmonium p+Au at Vs =200 GeV

Measurements at forward rapidity in pu: 1.2 <l|y| <2.2
J/Y yields are consistent between forward and backward rapidity
Y’ yield 1s suppressed at backward (Au-going) rapidity

Similar situation in p+Al and 3He+Au collisions

arxiv:1609.06550

—
o

[
T

10

counts/(50 MeV/c?)

200 GeV p+Au
-2.2<y<1.2 (Au-going)

w'u mass (GeV/c?

Vic?)
2,
I'I_

ﬁ:‘ LA

counts/(50 Me
E: L

200 GeV p+Au
1.2<y<2.2 (p-going)

3 4 5
n'u mass (GeV/c?
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J/¥ to W’ ratio in small systems at Vs = 200 GeV

Double ratio, [V’ / J/], i to [V / I,
Y’ [ J/V ratio is unchanged in p(*He)-going direction

cancels out systematic uncertainties

Y’ [ J/W ratio is suppressed by a factor of ~2 in Au-going direction

Y’/ J/¥Y and arecc pairs with different binding energies of ~ 640 and ~ 50 MeV
Plotted vs. co-moving particle density shows common behavior at RHIC and the LHC
Note suppression in p-going direction in p+Pb

Understanding suppression due to co-movers could play a critical role in interpreting
quarkonia data from A+A collisions.

arxiv:1609.06550

_E PHENIX \/S—NN=200 Gev o 15 PHENIX 1|||SNN3= 200 GeV \JS!‘N = 5.02 TeV
— = £ ¢ He+Au $ p+Pb, LHCb
;03'" 0 — ¢pt+Au JHEP 1603 (2016) 133
= @l o ¢p+Al #p+Pb, ALICE
[ - i it et s s e e e e T = JHEP 1412 (2014) 073
o o o G lo
- - % -~

p/’He+A
[

o
o
\
(231 p/*He+A
] T
e
= =
"=

— ¢ *He+Au —0.5
&l 2 é p+Au —p+Au co-mover 2
EES i é p+Al —p+Al co-mover el
Lo &d+Au PRL 111 202301 (2013) L
O l L L - l L L - ! L | I | I
2 0 2 % 10 20 30

rapidity (dN/dn), 1 (<S>) (fm?)



Quarkonia: perspectives

¢ MnaTepnperanus pe3yIbsTaToB I YapMOHHS ITPoOIeMaTHIHA H3-32 OO0JIBIITOT0 Yucia
3(HEeKTOB, CYIIECTBEHHO BIUAIONINX HAa BHIXOJ YaCTHII

“* Uto TpeOyIOT TEOPETUKH:
v Usmeputs Beixoasl Y(1S, 2S, 3S) kak MeHee MoABEpKEHHBIE Pa3IHYHBIM d(hdeKTaMm

v U3meputh BBIX0 B-Me30HOB

¢ Uto 114 3TOr0 HEOOXOAMMO IKCIIEPUMEHTATOPAM:
v VBenuueHHE CBETUMOCTH ITyYKOB U CKOpOCTH cbopa maHHbix (DAQ)

v TpeKkoByIO CHCTEMY, SIEKTPOMAarHUTHBIN Kanmopumerp, PID, ~ 4w akcenTanc

v Jloctarounslii BepumHHbIH Tpekep (VTX)

- HyxHa Hogasi aKcriepuMeHmarbHasl yCmaHo8Ka
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HoBble puznyeckue 3agauu

% HccnenoBanne MuKpocKomuaeckon cTpykrypbl KI'TI [ REACHING FOI

¢ W3zydenue cTpyii:
v’ MoJaBlICHHE CTPYH U JHIUPYIOMIMX aJIPOHOB
v HF-tagged crpyu
v’ U3MEPECHHUE BBIXOMA Yo M Y girece) €L KOPPEIAIIHIA
v’ (pyHKIHU PparMeHTaUH TP Zp ~ |

¢ Tsxenvie apoMarsr:

v’ BBIXOJI C ¥ b tipu pp >> 1 | o N TheOl 5
v' TlogaBiieHus OOTTOMOHUS LONG RANGE PLAN
for NUCLEAR SCIENCE

¢ V3mepenus HEOOXOaUMEI B p+p, p+Auu
Au+Au cronkHoBeHusix @ 200 I'>B

There are two central goals of measurements planned

at RHIC, as it completes its scientific mission, and at the
LHC: (1) Probe the inner workings of QGP by resolving
its properties at shorter and shorter length scales. The
complementarity of the two facilities is essential to this
goal, as is a state-of-the-art jet detector at RHIC, called
sPHENIX. (2) Map the phase diagram of QCD with
experiments planned at RHIC.



Konnenuusa sPHENIX

¢ Opaoponmnsmii akcentanc: 0 < ¢ <2m; In| < 1.1
¢ 1.5 T cBepxmpoBozsmuii conenoun (BaBar)
¢ Tpexunr (0.2 - 40 I'3B/c):

v VTX: MAPS (Monolithic Active Pixel Sensors)

v" TIpomekyTouHBIii Tpekep: silicon strips

v" Buemmnuii Tpekep: TPC

¢ Kanopumerpus:
v" EMCal: tungsten-scintillating fiber (W/ScFi) 12 '
V' BHyTpeHHMI aJpOHHBIN KATOPUMETP i

v BHemHui aIpOHHEBIA KaJOPUMETD; TAKKE
VCIIOJIB3YETCs KaK BO3BPATHOE SIPMO

¢ Bo3MOXXHOCTE OOaBIEHUS MIOOHHOIO IIIeUa,
fSPHENIX |

¢ Komnabopamus sSPHENIX co3gana Ha OCHOBE
xkostadopanuu PHENIX, 0051b1110# ONBIT U o\ .

noaAcpkKKa B
=%

¢ IlepBoie manHbie oxkumarorcs B 2022 romy e p AN
<“/PH “ENIX =



sPHENIX Calendar — Many Reviews

* SPHENIX Proposal submitted to DOE Fall 2012
* DOE Science Review 1 July 2014
* Revised Proposal Nov 2014
* Internal Rev of SC-magnet Dec 2014
* Internal Rev of Decommissioning and Installation Jan 2015

* Internal Rev of HCal Feb 2015
* BaBar magnet arrives at BNL Feb 2015
* Internal Rev of Calorimeter Electronics Mar 2015
* DOE Science Review 2 April 2015
*  Org Meeting to form new sPHENIX collaboration Jun 2015

* Internal Rev of EMCal Aug 2015
* BNL-charged Cost and Schedule Review Nov 2015
* Formation of new collaboration Dec 2015
* Election of Spokespersons/Executive Council Jan-Apr 2016
* Internal Rev of TPC/Tracker Jun 2016

* Internal Review of MAPs-vertex/Tracker Jul 2016

* BNL-Charged Tracker review Sept 2016
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Projected Future sPHENIX Schedule

CD-0 Fall 2016
Director’s Cost and Schedule Review Nov-Dec 2016
Test Beam at FNAL(2™ round prototyping) Jan 2017
OPA-CD-1/CD-3a Review May-Jun 2017
CD-1/CD-3a authorization Nov-Dec 2017
All Preproduction R&D and Design complete May-Jun 2018
OPA- CD-2/CD-3b review May-Jun 2018
CD-2/CD-3b authorization Jul-Aug 2018
sPHENIX Installed, cabled, ready to commission Apr 2021

First RHIC beam for sPHENIX Jan 2022
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EMCal naga sPHENIX

¢ Pacnonoxxenue: R =90-116 cm; Ap < 2m, In| < 1.1

<% Paspernenue: 15% / \E

¢ Koncrpykius:
v 0.47 mm Sc daiibepsr

1 MM paccrosinue Mexay (aitbepamu

W e
DOnokcuaHasg cMoJa, HarnmojJHeHHass W nyzipou =

I[LtiorHOCTH ~ 10 r/ecMm3

N NI NN

*»* Yrenue: ceetoBoabl 1 SiPM

¢ Cermentanus: An x Ad ~ 0.025 x 0.025
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HCal niaa sPHENIX

%* HakoHHBIE IIJIOCKOCTH:
v CTaHBHOfI TITOTJIOTUTCJIb

v Sc umtel ¢ WLS daiibepamu
Paspemenwne: 100% / VE

J
0.0

>

» Buyrpennuit HCal:

v BHyTpH coneHOn1a

v" TommwmHa ~ 1 [JIMHBI B3aUMOJICCTBUS

s Buemnuiit HCal:

v' Hcnonb3yercst Kak SpMo

v" TonmmHa ~ 4 JUIMHBI B3aUMOJECHCTBUS

+* YUrenue: SiPM

2645

OUTER HCAL

173

INNER HCAL

EMCAL

PREAMP BOARD SiPM IN HOLDER

SST MODULE ENDPLATE

SS5T SUPPORT ENDPLATE

BACKPLANE BOARD

CONTROLLER INTERFACE BOARD
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Tecruposanue EMCal u HCal nyukax

Electron Resolution

e o A L T L B

g P g o T-1044, MIP calib. ]

W [l —— AE[E=54% ®14.2%/|E ]

“b.18] ]

.14 & T-1044, e-shower calib. ]

sk AE/E =3.2% @ 12.7%//E
g Preliminary!

D.08| )

0.06-

0.04F-

002 Simulatian, AE/E = 2.4% & 11.8%1E
o B T e e

Input energy (GeV)

AE/E = [70.6% - 95.7%)/\E

Preliminary !

o 95.7%/NE

T
0.1 70.6%/VE

‘0 5 10 15 20 25 30

Input energy (GeV)

e~ 2

Electron Linearity

= B e e R B B ==
i L
% - & T-1044 data
201 -
"1 — Unity
T
H 15 ~|
2 "
@
g 1ﬂ_— —
N3 Preliminary!
GG I !I':n : 1|0 I15I 2I|} ; 25
Input energy (GeV)
Linearity
% X ~r 085
g L. .‘IM‘-(-‘.‘
SZ‘S« W 0™
§ A 0 o0em
w ‘ e b A 2%
3
2 154
g
s
10
Preliminary !
44
CT, 5 10 15 20 S 30

Input energy (GeV)

-

¢+ 8x8 Oamau EMCa
% 4x4 oamram HCal

¢ 4 HenenM My4YKOBOTO BPEMEHH,

FNAL Test Beam Facility

X I[OCTI/II‘HYTBI N IIPCBBIIICHBI ITPOCKTHLIC 3HAYCHUA 110 Pa3pCIICHUIO U JIMHEHHOCTHU

¢ M3MmepeHus B OCHOBHOM MOATBEPIMIH pe3ysibTaThl MoHTe-Kapio monenpoBanus



LleHTpaabHBIN TPEKEP

¢ Boccranosnenue TpekoB: Ad < 27, [n| < 1.1, 0.2 < p; (I™B/c) <40
s DAQ ~15kI'
¢ Y paspemenue mo macce ~ 1%
¢ IIpo3payHOCTh

< DCA, <70 mkm

TPC:

- HENpPepbIBHOE CYMUTbIBAHUE
-R =20-78 cm
- BNL & SUNY funding for development

-MAPS (ALICE ITS IB: ALPIDE
sensors, 28x28 um pitch, 99.9%

efficiency, 2-4 usec integration time)

[TpoMeXyTOouUHbIN Tpekep: -3 cnos: 2.3, 3.1, 3.9 cm

- silicon strips: FPHX Chip - LANL funding for development
(108 identical ladders each 2x24 cm2,) - funded by consortium

-4 cnos: 6, 8, 10, 12 cm 28

- In kind contribution from RIKEN



Konnenuusa TPC

Outer HCal
Solenoid
. Inner HCal
¢ Mexannueckue TpeOOBaHUS: EMCal
v" EMCal, R, =90 cm
v Inl<1.1;

v" Length ~ Diameter

s dusnueckre TpeOOBAHUS:

v 1% paspelrenue 1mo macce > Gy < 250 MKM

yig

| sPHENIX TPC tracker

W00 o -0.66%
,4,=0,105%
WX =d S
. A00 i
RN . | —— Crystal Ball fi
» HaOop naHHBIX: o= 61 eV
(AN

& GEAMT I
v MakcuManbuble cBeTuMocT RHIC-IT rest

v' 50-100 k', 15 k' mpw |z, | < 10 cm

VItx

75 B B5 9 95 10 05
miGe\v]

> Gateless TPC
> Koopounammuwre oemexkmopwi ¢ munumanvivim IBF (MPGD), 6vicmpole cmecu (Ne, He)

> Henpepulsnoe cuumvisanue (2panuybl cOObImMuil ONpedensiomcs oghiaiin) 29



Collaboratmg Instltutlons and Techmcal Experience

Stony Brook Unive

. QJ ' . @ -
. g o

Grad Students

Electrical Engineer
{retired)

experiments Tracking, PHENIX Tracking,
PHENIX HBD, ILC TPC, generic TPC RRD

g
L
;
g ’
i

Vanderbilt Un

Faculty

Postoee

AGS experments Tracking, PHENIX Tracking

Koanaoopauus TPC

ren National Laboratory

TIK Gas

AGS Tracking, PHEND Tracking,
LEGS TPC, generic TPC RE&D

Snsll TRC w/ clewom

Neizmann Institute of Science

’ E ﬁ -

PHENIX Tracking, PHENIX HBD, generic TPC RED

PHENIX Tracking, ALICE muons, CMS, CBM, .

30




Braang IS D

¢ TpekoBbIe cTaHIIMK Pa3OUTHI HA
TPHU CEKTOpa Mo paauycy u 12
CEKTOPOB MO a3UMYyTaIbHOMY YTy

¢ Komma6opanus sSPHENIX
npemioxuna [TNAD npunsaTs yyactue
B pa3palbOTKe U CO3IaHUM TPEKOBBIX
CTaHIIMH OJTHOTO M3 THUIIOB (110

paauycy)

¢ YUHTBIBasI ONBIT U OTHOIIEHUS, CIIOKHUBIITNECS B KOJITIAOOpAIUy, PECTABIISAETCS 1IeTIeCO00pa3HbIM
yuactue [INUAD B cozmanuu TPC.

¢ Takoe ygactue Tpedyet nposeaeuus B [INAD B TeueHue 3-x JieT ciaemyonmx pador:
v/ pacdeTsl ¢ 1EIBI0 ONTHMHU3AINN TEXHOJIOTHH JIETEKTOPOB U BEIOOpa paboueii ra3oBOl CMECH;
v/ MOJTOTOBUTH COOPOYHBIM YYACTOK C YCIOBUSAMH TOBBIIIEHHOM YUCTOTHI;
v OCHAaCTUTDb Yy4aCTOK 060py,IIOBaHI/ICM 1 MaTrcpuaiaMu, HCO6XOI[I/IMBIMI/I AJIA1 CO3JaHusA U TCCTUPOBAHUA
IIPOTOTHIIOB,
v CO3aaTb CTCHA IJIA IIPOBCACHHA TCCTOBBLIX WCHBITAHUM IIPOTOTHUIIOB, 06J1az[a}0m1/1ﬁ Ha60p0M pPadIrnOaKTHBHBIX
HCTOYHHUKOB MOHU3HUPYIOIINX HBqueHHﬁ, CHUCTEMOM IMPUTOTOBJICHUA PA3JIMYHBIX I'a30BbBIX CMGCCﬁ, CHUCTEMOH
IIO4a491 BBICOKOI'O HAIIPAXKCHMA, CHUCTEMOM TOYHBIX MEXaHNUYECKHUX nepeMemeHI/Iﬁ I IIPOBCACHU A
KaJIMOPOBOYHBIX U3MEPEHUHN, HEOOXOTUMOM PIEKTPOHUKON CUMTHIBAHUS U OTOOpakeHUs nH(popmaIuu.
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“...we anticipate that the features and experience gained
with this device might provide the basis for a “day-1" detector
at a future EIC, independent of where the new facility will be sited.

It is envisioned that this new collaboration will consider the possible|
evolution toward such a detector as part of its mission.”

--Berndt Mueller

RHIC / LHC Timeline

1 Month lon Running

1 Month lon Running
11/2015, 11/2016, 6/2018

11/2020, 11/2021, 12/2022

End of

LH C Long Shutdown 1 Long Shutdown 2

2015

Electron-lon Collider
(Notional BNL Plan)

RHIC

‘ Eﬁ”E“"'R"E"Y gg::czf RHIC User Meeting June 9, 2016 32
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DdyHaameHTaJbHbIe 3aaayu elC

The EIC is designed to address several important question that are described in detail
in the recent EIC White Paper [3]. Quoting from the White Paper, these questions are
reproduced here:

¢ How are the sea quarks and gluons, and their spins, distributed in space and
momentum inside the nucleon? How are these quark and gluon distributions
correlated with overall nucleon properties, such as spin direction? What is the role of
the orbital motion of sea quarks and gluons in building the nucleon spin?

* Where does the saturation of gluon densities set in? Is there a simple boundary
that separates this region from that of more dilute quark-gluon matter? If so, how do
the distributions of quarks and gluons change as one crosses the boundary? Does
this saturation produce matter of universal properties in the nucleon and all nuclei
viewed at nearly the speed of light?

¢ How does the nuclear environment affect the distribution of quarks and gluons
and their interactions in nuclei? How does the transverse spatial distribution of
gluons compare to that in the nucleon? How does nuclear matter respond to a
fast moving color charge passing through it? What drives the time scale for color
neutralization and eventual hadronization?



Konnenuusa ePHENIX

¢ ePHENIX nerexTop mocTpocH Ha
ocHoBe SPHENIX ¢ no6aBnenuem
dbopBapIHOTO MIeya

**VYuactue B SPHENIX moxer crarh
MOCTOM K YYaCTHIO B JIaJIbHEHIITNX
OOHOBJICHUSIX YKOPUTEIA U
AKCIICPUMEHTAJIBHOM 0a3bl

100 | “ |- 400

R (cm) R (cm)

300 - — 300

200 —

100 —




BACKUP
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Jet production in Cu+Au: model comparison

2 2
Cu+Au, | s,y = 200 GeV, anti-k,, R = 0.2 jet Cu+Au, \ s, = 200 GeV, anti-k,, R = 0.2 jet
1.8 ~— 1.8 g
16 PH\KE NIX . 0-20% 1.6 — PH?'{E le - 40-60%
preliminary preliminary
1.4 Calculations done by Vitev/Chien 1.4 Calculations done by Vitev/Chien
Coupling g = 2.0, small CNM Coupling g = 2.0, small CNM
1.2 Coupling g = 2.2, small CNM 1.2 Coupling g = 2.2, small CNM

RAA
|I|I|||||\I\|I$I|III|III|\I||IJI
RAA
IIiI|II||\If W|III|III| II|HI
o+
-+
|+
|+

0.8 0.8
°° 1 B W | % hepph1509.07257
04 %57 hep-ph/1509.02936
0.2F 0.2F
- 1 1 1 1 | I 1 1 | | 1 1 1 1 | 1 | 1 1 | 1 1 | 1 | 1 | 1 1 - 1 1 1 1 | 1 | 1 1 l 1 1 ] 1 | 1 1 | 1 | 1 1 1 | I 1 1 1 1
q 0 15 20 25 30 35 40 q 0 15 20 25 30 35 40
p, (GeVic) Py (GeVic)

¢ M3mepenus 11t CTpyH COTIACYIOTCS C M3MEPSHUSIMU IS TUTUPYIOIINX aIPOHOB
¢ [loaTBep K MAFOT MPEITOIOKEHUE 00 YHEPTETUUECKUX TMOTEPSAX KECTKO-PACCETHHBIX TApPTOHOB

¢ Tlo3BosAOT O0JICE TOYHO OIPEACIIATH CBOMCTBA 00pa3yIOMICHCS CPEIbI
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Vaireer-N cOrrelations: pp, d+Au, Au+Au @ 200 GeV

[1=]

up — o T T r 1 T T T T T T T T
= 1 50<p <9.0GeVicx0.5<p]<7.0GeVic
> E IAG - 1| < /2 et =M
%+ M<035 .o g
Z10'= - p+p/d+Au/Au+Au — v +h+ X
T E . @ 200 GeV

102 Efih + d+Au 0-100% R < 0.4 (5-0.05)

L

PHECENDC e Au+Au 0-40% (2007+2010+2011)
preliminary O p+pR <04 (PRD82,072001) (£-0.1)
10—3 L L 1 L L s L 1 L L 2 L IS? L L s L 1 2 L 2 L | s L

05 1 15 2 25 j
= L e L e B —_':
= 18E e Aut+Au 0-40% (2007+2010+2011) —
3 16E + d+Au0-100% R, < 0.4 (£-0.05) + =
= reE H» E
12 —
15 § + + =
08E- * + —=
06E- t =
04E- L] —
02E- § =
nE 1 I 1 I ] =
0 05 1 15 2 25 B

\/ 1 .
** Vaireer-h correlations:

v" no surface bias
v’ trigger g

Y

=4

1s the most direct

t S
measure of the initial parton energy

h
Pr r
1 dN(z,)
D, (z;)= r
q(ZT) evt dZT
¢ Experimentally measure:
1 an’™ Y., D,(z)
Yu@p)= =~
trig ¢ pp pp(ZT)

¢ In d+Au no modification is observed within uncertainties

¢ In Au+Au observe suppression at low-§ and enhancement at high-&

*¢ Transition from suppression to enhancement occurs at & ~ 1.2
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HoBas >xcnepuMenTadbHas ycranoska = SPHEIX

- —

PH-<ENIX > Ne PH “ENIX

Iems TpeboraHMe K JeTeKTOPY

Pegrme curganer - 47 axcenTaHc

- BrIicokockopocTHol DAQ (15 xT)

Cnexrpockormmig OoTTOMOHKS - epicokoadderTirmRni Tpexep, 0.2 < p7 (I 3B/c)= 40
- epIcoKad 3ddekTHEHOCTE HASHTHAMEKAINN JIEKTPOHOE
- IOJARISHHE agpoHoE = 99%

- pazpemenne o Macce > 1%

Ctpyn AOPOHHEIR H 3IeKTPOMATHHTHEIN KaTOopHMETPEI, TpeKep

Tagging Tounoe onpegeneHHe NEPEHYIHEX H ETOPHYHEIX EEPIIHH,
DCA,, <70 MM

IIpmurie doTorE Hamepenne GOTOHOE H 3IEKTPOHCE ¢ BEICOKHM PazpeleHHeM
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Using Jets to Probe the QGP

g | Jet Virtuality Evolution '
= RHIC E, = 20-80 GeV
2 || wm RHIC QGP Medium Influence
@ LHC E, = 100-1000 GeV
| HC QGP Medium Influence
10

arxiv:1501.06197

NENE NN RN FEENE AN AN FETA N AN AN AN

Temperature [MeV]

Lower energy jets at RHIC have
increased sensitivity to QGP
interactions

10/14/16
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Kinematic Reach

Extends range at RHIC Overlaps with LHC
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