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pT™+pT Collisions

How do collective, many-body phenomena arise from first-principles QCD?
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Total Elastic/Inelastic Cross Section
 Diffraction

oherent Central Production

* Cosmic Rays

. and nFF’s

* Ultraperipheral Collisions

A+A Collisions

Polarized Measurements (RH

The bulk of the physics
portion of this talk.
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Forward Facilities/Upgrades at the LHC

see talk by Martin Rybar (Thursday)
6/28/2018 Initial Stages 2019



Forward Facilities/Upgrades at the LHC
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see talk by Martin Rybar (Thursday)
6/28/2018 Initial Stages 2019



Forward Facilities/Upgrades at the LHC
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see talk by Martin Rybar (Thursday)
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Forward Facilities/Upgrades at the LHC

ATLAS (LHCF)
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see talk by Martin Rybar (Thursday)
6/28/2018 Initial Stages 2019 9



Forward Facilities/Upgrades at the LHC

ATLAS (LHCF)

CMS

see talk by Martin Rybar (Thursday)
6/28/2018 Initial Stages 2019 10



Forward Facilities/Upgrades at the LHC

ATLAS (LHCF)

(e

Future improvements at the
{ LHC (Run-3) will be mostly

quantitative (reduced statistics : =7
¥ and systematics). B S
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see talk by Martin Rybar (Thursday)
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ALICE FOCAL

FoCal Proposal:
* 7 m from the interaction point
e covering3.3<1n<5.8
* FoCal-E - electromagnetic part:
e direct-y and nm® measurement
* Main challenge is the separation of two
clusters at high energy
* FoCal-H - hadronic calorimeter:
* Jet measurement
* |solation cut

Transverse segmentation 1T

LG cells HG cells E

-
T
| HEE

L1
LIi1t]

1 HG cell

1cm

'—r o A A
| ALICE

Decision later this year — Installation during LS3 (2024-26)
for use in LHC Run-4.
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Cosmic Ray Physics e
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Cosmic Ray Physics

Muon Density
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Forward Facilties/Upgrades at RHIC
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Forward Facilties/Upgrades at RHIC

STAR (fSTAR)
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Forward Facilties/Upgrades at RHIC
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Forward Facilties/Upgrades at RHIC

SPHENIX (plus forward) e

X

[ ——

24

——

e ,‘ ' STAR (fSTAR)

Silicon Vertex
s Magnet ~Tracker
i
\ | ” - /
~ “ E-M
LR A # - Calori
\ ' ' l‘% ‘! e f‘_ N et
~ o f— P
[ [ i’ - [ 47 D 'f':-’.—:_'_
| - Eil__“ . . iy ; S .~
= A \,
[ 1 | 8
LI

6/28/2018 Initial Stages 2019 18



STAR Forward Implementation

. 3 Silicon disks: at 90, 140, 187 cm from IP

see talk by Daniel Brandenburg (Wednesday) Built on successful experience with STAR IST

= Single-sided double-metal mini-strip sensors
» Granularity: fine in ¢ and coarse in R

Install in forward

4-interaction 4 sTGC disks: at 270, 300, 330, 360 cm from IP

e length thick (outside Magnet)
<o JPb-scintillator Position resolution: ~100 pm

splate HCAL Material budget: ~0.5% per layer, 2 layers / disk
* Readout: reuse current STAR TPC electronics
15t sSTGC prototype to be installed in STAR in 2019

region at STAR 3
(2.3>eta>4.0)

Re-purpose
PHENIX Pb-
scintillator EMcal

Substantial re-use of existing equipment and infrastructure. Extensive

Momentum resolution: 20-30%
for 0.2 < p; <2 GeV/c

track finding efficiency: 80% @100 tr/ev

R&D program underway, leverages STAR and EIC detector R&D.
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3 Silicon disks: at 90, 140, 187 cm from IP
Built on successful experience with STAR IST

see talk by Daniel Brandenburg (Wednesday)

Status of fSTAR ;
Inst_a
2829'30 A five-member review panel (S. Boose, C. Miraval, G. van Nieuwenhuizen,
A. Tricoli, and chaired by G. Young) conducted a review of the resource
requirements for the proposed forward upgrades to the STAR detector on 9
November 19, 2018. The panel noted good progress on the proposed concept
for a cold-QCD experiment to run in late 2021 at RHIC, with plausible plans for
funding and conservative designs for all detector components, electronics, and
. support infrastructure. The panel opined that the major project risks are

PI identified and that the experiment appears positioned to be ready for first

& operation in 2021, with the caveat that the critical path, which is the silicon
detector, presently has very little float. BNL management has begun

discussions with ONP about the implementation of the proposed upgrade.

St from ECA, BNL 2019 PAC presentation




STAR Forward Implementation

3 Silicon disks: at 90, 140, 187 cm from IP
Built on successful experience with STAR IST

see talk by Daniel Brandenburg (Wednesday)

Status of fSTAR —

o

Insta

[‘Z?L? A five-member review panel (S. Boose, C. Miraval, G. van Nieuwenhuizen,
A. Tricoli, and chaired by G. Young) conducted a review of the resource
requirements for the proposed forward upgrades to the STAR detector on

November 19, June 2019 : NSF indicates they will fund propc?sed concept

for a cold-QCD the HCAL NSF MRI. plausible plans for

funding and comservauve UECSIZITS TUI all uctecwur currpurierils, electronics, and
support infrastructure. The panel opined that the major project risks are

PI identified and that the experiment appears positioned to be ready for first

& operation in 2021, with the caveat that the critical path, which is the silicon

detector, presently has very little float. BNL management has begun

discussions with ONP about the implementation of the proposed upgrade.

©

St from ECA, BNL 2019 PAC presentation
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sPHENIX Forward Implementation

6/28/2018

A next-generation state-of-the-art jet detector for
A+A physics at RHIC. Successful PD-2/3b review!

* SPHENIX

e HCal/Flux return

* Solenoid

e Central EMCal

* Silicon strip tracking
 TPC

 MAPS

see talk by Rosi Reed (Wednesday)

Initial Stages 2019
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sPHENIX Forward Implementation

A solid foundation for EIC physics!!
https://www.sphenix.bnl.gov/web/system/files/e
ic-sphenix-loi-draft-2018-09-14.pdf

* EIC-sPHENIX detector
e HCal/Flux return
* Solenoid
e Extended Central EMCal
* Central hadron PID
* TPC
* MAPS
* Forward and backward tracking
* Forward and backward hadron PID
e Backward crystal EMCal
* Forward EMCal
* Forward HCal

see talk by Rosi Reed (Wednesday)
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sPHENIX Forward Implementation

Cold QCD program enabled by early
realization of some EIC-sPHENIX
detector components!

6/28/2018

A solid foundation for EIC physics!!
https://www.sphenix.bnl.gov/web/system/files/e
ic-sphenix-loi-draft-2018-09-14.pdf

* EIC-sPHENIX detector

HCal/Flux return

Solenoid

Extended Central EMCal
Central hadron PID

TPC

MAPS

Forward pnd backward|tracking
Forward and backward hadron PID
Backward crystal EMCal

Forward EMCal
Forward HCal

see talk by Rosi Reed (Wednesday)
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RHIC Forward Hardware Development
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RHIC Forward Hardware Development

HCAL Prototypes (STAR and sPHENIX)

6/28/2018 Initial Stages 2019 26



RHIC Forward Hardware Development

sTGC Development (SDU, China)
HCAL Prototypes (STAR and sPHENIX) — G2 supply/retum

Strip readout
Top chambe ’

Strip readout
Bottom chamber

6/28/2018 Initial Stages 2019 27



RHIC Forward Hardware Development

sTGC Development (SDU, China)
HCAL Prototypes (STAR and sPHENIX) Wire readout e\ G5 sUpplyiretum

Strip readout
Bottom chamber

STAR fEMC Prototypes
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RHIC Forward Hardware Development

sTGC Development (SDU, China)

I X) Wire readout e, Gas supply/retum

=L

HCAL Prototypes (STAR and sPHEN

| | e
1}

; -~ | s "-— r".‘. s
: I
’!l‘. .. : klﬂ - l‘..
e o . _anlll

T
-

k| Flexible hybrid PCB: SDU/IU

Inner Signal Cable: BNL

T-Board: SDU/IU

Mechanical Structure

APV25 Chip: UIC , ,
(+cooling pipe): NCKU/AIDC

Supporting Structure & integration: BNL

STAR Si tracker design

Silicon sensor: UIC/SDU/NCKU

PRI B PR I T L
80 100 120
Beam Energy (GeV)

STAR fEMC Prototypes
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RHIC Forward Hardware Development

sTGC Development (SDU, China)

HCAL Prototypes (STAR and sPHENIX)

s Gas supply/return

Wire readout

A FIeX|bIe hybrld PCB SDU/IU

APV25 Chip: UIC

Inner Signal Cable: BNL

T-Board: SDU

Mechanical Stru
(+cooling pipe):

Supportin

STAR Si trackd

L . | LT
80 100 120
Beam Energy (GeV)

STAR fEMC Prototypes
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NnPDF’s

e nPDF’s are a
phenomenological construct
that encode information about o~ 10l e
the measured ratio of hard o
processes in p+A/p+p g "

 Works in a collinear Q

factorization framework 0.1 s
(DGLAP) . o

* Dependent on parametrization 104 0.001 0.010 0.100 1

e Assumptions made about X
flavor symmetry, nuclear
density/centrality dependence

* Depend on what data is
included

* They tell us nothing about the
underlying microscopic
mechanism

* Need a wide variety of data in
X, Q?, A, centrality...

see talk by Maria Zurita (Monday)

« pions @ RHIC
LHC (di-jets, W, Z)

Eskola, Paukkunen, Paakkinen, and Salgado,
Eur. Phys. J. C(2017) 77:136

6/28/2018 Initial Stages 2019 31



NPDF’s at the LHC

Eskola, Paukkunen, Paakkinen, and Salgado,
Eur. Phys. J. C (2017) 77:136

]..6 i T T I T TTTI T TTTI |||||||_| T TTIIm I TTTTIN T TTTI I T TTTI
14 | u
v 1.2 | |
S 10 P o
| 0.8 | i i .
> 0.6 _‘ -..: %06 '___
10" 10° 107 10" 1 W0 e wc Jg- 1
o

DGLAP evolution suppresses nPDF effects — but high statistics for clean probes!

Dijets, W/Z and photons assumed to be the “key” measurements at the LHC.

6/28/2018 Initial Stages 2019



NnPDF’s — Lots of new LHC datal
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NnPDF’s — Lots of new LHC data!

see talk by Jing Wang (Monday)

CMS result vs. Models Impact on EPPS16 nPDF
pPb (35nb"), PP (27.4pb") VSTM =5.02 TeV arXiv: 1812.0543
_115<pave<150GeV CMS RRLLL] TTTm T T Ty 1
1.2+ T Supplementary 1.5 Q2 = 1.69 GeV? s>

- anti-k; R =0.3 jets
P> 30 GeV, p.,> 20 GeV

i mﬁ:_a > 21/3 W ey A
o] 1' oy
s &
0.8 0.5
| pp NLO pQCD: 8 = EPPS16
ENMC DSSZ shadowing :
0.6- EPS09 0 et e
nCTEQ15
| I l L1 I _1 1 1 J B I. 11 L l 111 1 10_4 10_3 10_2 10_1 1
2 -1 0 1 2 P
Large-Xpy nd" t Small-xpp
ije
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NnPDF’s — Lots of new LHC data!

see talk by Jing Wang (Monday)

CMS result vs. Models

pPb (35nb™), pp (27.4pb™)

Sy = 5.02 TeV

- 115 < pj"'e < 150 GeV

- anti-k; R =0.3 jets
P> 30 GeV, p.,> 20 GeV
L AG, > 21/3 :

1.2

pPb
pp

0.8

anti-
shadowing

| pp NLO pQCD: O
EMC DSSZ shadowi
0.6 EPS09

- nCTEQ15

lllllIJlllLlJlJLllll_ll.llll[li

CMS

Supplementary

-2 =1 0
Largexsm  Myje

6/28/2018

2

Small-xpy

Impact on EPPS16 nPDF Ariv: 1812.05438

i T T T T T R I IIIJIL
L5192 =10 cev?

= EPPS16
B reweighted

[ T O I W | I N N N 11 I N AT

= = 4= W i
%
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NnPDF’s — Lots of new LHC data!

see talk by Jing Wang (Monday)

CMS result vs. Models Impact on EPPS16 nPDF Ariv: 1812.05438
pPb (35nb™), pp (27.4pb™) Sy = 5:02 TeV 1 5 I I A1 I BN R
115 < p™@ < 150 GeV CMS D02 = - | P
1.2+ T Supplementary Q = A0 S

- anti-k, R =0.3 jets
P> 30 GeV, p.,> 20 GeV
A(p'1 5= 2m/3 '

shadowing m
mal « Data N A
+ R

oA’ | (g,-eieTev  pPbiaane’ | s,-016Tev

180~ W' utv, CMS 180~ W —u v, CMS - = EPPS16
pl > 25 GeV/c . P, > 25 GeV/c ] —_ reweighted“

160 = 1997 4 Data E R R AT

- - = CTi4 (68% CL) -
140 O S CT144nCTEQ1S (68% CL) 13 1072 10! 1
120 20l L usgeideddaa: £r

L —CT14 (68% CL) A
L ' CT14+EPPS16 (68% CL) ]
- 74 CT14+nCTEQ15 (68% CL)

100—

-
]
o

—

Ratotocta do(W™ —u*v,) / dl’]';M [nb]

80— Lumi. uncertainty (3.5%) not shown ] 80—
| e vy | PRI N R NSNS NS SN SI MA |

1.2: 1.2:— E
1; . 1; b oha 2l e N E
0.8 el 0.8f

3 2 1 1 0 1 2

n
Large-Xpp CM Small-xp Large-xpy

see talk by Jing Wang (Monday)
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NnPDF’s — Lots of new LHC data!

see talk by Jing Wang (Monday)

CMS result vs. Models Impact on EPPS16 nPDF
pPb (35nb™), pp (27.4pb™) s, =5.02 TeV

arXiv: 1812.05438
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see talk by Jlangyong Jia (Monday),
Dennis Perepelitsa (Wednesday)
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New LHCb D° data and improved theory
provides significant new constraints on the
gluon nPDF in Pb.

First real constraint on gluons at low-x!

see talk by Burkhard Schmidt (Monday)
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do /dPrdY [pb/GeV]

nPDF's — D°in LHCb
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L'Are we done with nPDF’s?

T [CTV]

gluon nPDF in Pb.

First real constraint on gluons at low-x!

New LHCb D° data and improved theory
provides significant new constraints on the

see talk by Burkhard Schmidt (Monday)
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Future nPDF’s at RHIC (sPHENIX)

Assumptions:

* Forward EM and HAD
calorimetry (1.4<n<4.0)

* Low-mass tracking with good
momentum resolution:

. . Include

(7=2.5 22%®0.21%x p(GeV)? pseudo

* 197pb™ of p+p sampled lumi., data in
330nb! of p+Au sampled lumi. EPPS16

=1

10*

—_
o
]

Counts Per Bin /50 pb

—_
o

—_
o

Full G4 Simulation:

All Pairs
DY Pairs
MB Backgrounds

J/¥ and ¥’ Pairs
Upsilon Pairs

[ty

8 10 12
Invariant Mass (GeV)

access down to x~103
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Pseudo data included with statistical uncertainties and a
10% normalization systematic error — the normalization
error defeats the power of the datal

dO—p+A—>X 1 de+A—>X
n _ 2zpdpdy _ NGE, 2wpidpidy
PA do,. ., 1 dN, .,
pdp )((j <NCD inel pdA Xd
27 prap;ay oip 277 Prap Ay
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A Multiobservable Approach (|

Can we use multiple datasets (with similar systematics)

to overcome the normalization limitation?

Central (|n|<1) gamma+jet

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

(used primarily to fix normalization)

Pp

dijet

[do

pAn
dijet

do

1.6
20 < Myjjer < 30 GeV 30 < ,‘IJ.“_";-. < 40 GeV
1.4
1.2 »
1 i E...... PP - T ...
0.8 meppsie
BWEPPS16+CB+FI ¢ sPHENIX pseudodata
1.6
40 < Majjer < 50 GeV 50 < Majjer < 70 Ge)
1.4
12 ¢
‘| ........
0.8
1.6
— 2
70 < Majjer < 15p GeV 1 0 1 =
1.4 Ydijet

2

Ydijet
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arXiv 1904.09921v2

14 20 < My_jor < 30 GeV
5 1.2
_t:'--
2T 08
£
~  0.6| mEPPSI16
BEPPS16+CB+FI
1.4 40 < M. _jer < 100 GeV
212
B¢
T 1
2T 08
X
© 0.6
=1 0
y‘,-—_]i-t

Forward DY

(same pseudo data as

before)

(Central DY not shown)
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30 < My_jer < 40 GeV T’ |

M = 4.7 GeV

EPPS16
WEPPS1G+CB+FI

M = 5.2 GeV

@ sPHENIX pseudodata

M = 5.7 GeV

M = 6.1 GeV

M = 6.5 GeV

M = 6.9 GeV

M =7.2GeV

M =79 GeV
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"'.._'! 10

41



A Multiobservable Approach (Il)

&; 1.6 Indirect (LO) 0.4 S —
g 14 by scale = 18X 0% 1 217G
= 12 evolution I Ry = vy
o o o s g = 3.3 % 1072, M =5.2GeV
1 .............................. = — wp=38x10"% M =6.1GeV
“ S ==y =43 x 1073, M = 6.5GeV
o~ - == gy =4.8 % 1079, ]
@ 0ss 3 00
ﬁ: 0.6 T
i 0.4 EPPS16 S
IS MEPPS16+CB 5 02
s+ 0.2| EMEPPS16+CB+FI . —
< Direct (NLO) =
= 0 4 3 2 1 contribution — &
107> g J0~= 11U~ 1 >
11
I
1.4
o>}
o 1.2
5 1
I 0.8
o™
S 0.6
B, 04
e
<> 0.2
0 ~15-40% of cross section
10 1073 1072 107! N
T 50% reduction in gluon nPDF uncertainties!

arXiv 1904.09921v2
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Nuclear modification R.

(=]

Other nPDF benefits at RHIC

Prediction for Dijets at RHIC:

L] L L L BB L] LR L | L] L |
1.4 F“Ca, “Ar, gluon e
()2 — 10 (‘(‘\,2 - VE=200GeV, 20 < M < 30GeV
1.2 b S ' '
1-(] mtrd LI E LR RE R LR R R LR R R R R L R R R " I L R P L AR R R R R R A R R R R N ] —
0.8 B -
i EPPS16 i :
0.6 H nCTEQ15 5 b T EPPS16
L Ll T nCTEQI5
08 1 1 L 1 " 1 " 1 1
(J 4 1 [ | lllll 3 I | llll. Il 3 3 lsals -1.0 0.5 0.0 0.5 1.0 1.5 2.0
. 3 P 1 Hddijet
10 10 10 1
T arXiv 1904.09921v2

Mass-number (A) dependence is not well-constrained between nPDF models.
Light ion data at RHIC should have the power to improve this.

Test isospin asymmetry with (p+Ru)/(p+Zr) ratios.
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Unresolved Mysteries...

Jets with positive hadron z>0.5

-r: 1 TTTT | TTTT | TTT7T | TTTT | TTTT | TT T T | TTTT | TTT 1]
) n g — up quarks 4
Q 08 —dg\ﬂn quarks 3
N 0.8 —other quarks 3
= E luons 3
@ 0.7F eam remnants T -
o mixed origin + 3
AnDY: Phys. Lett. B750 (2015) 660 5 0.6: + =
w F 4
0.05 . 805 ]
I stat. band 2 0.4 -
cmen Ay OY data c . E
I:ICH- B - 03__ 0-_._ __
pp — jet X s = 500 GeV n=325 02F =Tt 1t 3
0.03 | - ' e e 3
:,l Ll l | 3 - LI L l T | J_]’J_ml - J. 1_
0.02 ’ 00 0.1 0.2 03 04 05 06 0.7 0.8
=p/p,.,
0.01 - Jets with negative hadron z>0 g"
'—C IETTTT | TTTT | TTTT | TTTT | TTTT | TT T T | TTTT | TTT 1]
2 5 g — up quarks =]
or i > - —dg\ﬂn quarks 3
N 0.8F _other quarks =
= u luons 3
.01 F 1 @ 0.7 eam remnants E
2 " F  mixed origin ]
-0.02 : : : - il ;
0 0.2 0.4 0.6 ® 0.5~ 3
“F 3 0.4F +++ S =
Eh e
. 0:3F = o
A cut on the charge of the leading hadron - e -E.: ++Lb |3
changes the composition of the jet sample 0'1; o *—r+ 4 I3
(Pythia SimUIation). . EIlI Illl IlLI_T_lI ll.l |J_T_IIIJ_P_|_§TJ6J_J J’I_lJ._J.I.J:;
0.1 02 03 04 05 06 0.7 0.8
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Unresolved Mysteries...

Jets with positive hadron z>0.5

0.05

0.04

0.03

0.02

0.0

-0.01

-0.02

AnDY: Phys. Lett. B750 (2015) 660

| =tat. band
woe Ay 0¥ data

pp — jet X s = 500 GeV n=325

EII.E CII.#- DI.Ei
*F
A cut on the charge of the leading hadron

changes the composition of the jet sample
(Pythia simulation).
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Unresolved Mysteries...

<|:Zo.04 PHENIX @

] \'Syn= 200 GeV BARARNRRRN RRRRARS:
0.03— pP+p h+NN0 1<x <0.2 7-33,P=50%, 488pb"
MR 0.00- 1.4<n<2.4 :

2 0.01— * l

- :

0.o1 B p+AI | 5 + | ‘ ;
T il 0 S # -
001} p+Au i

oo oz -0.01 -

0
AN

I|IIII|IIII|IIII|II_
- fAVRy =N 05 0.6 0.7 0.8
A cut on the f(A ) (A1I3)Ot
changes the '0 02 I Dbeam
(Pythia simu J | | | | | | | | | |
1 Z 3 4 5 6
arXiv: 1903.07422 A 1/3

6/28/2018 Initial Stages 2019 46



* Upgrades in capabilities and data at the LHC and RHIC
coming soon...

* LHC:
e HL-LHC, increase in statistics, possible O+0O (p+0), FoCAL(?)

 RHIC upgrades
 Both STAR and sPHENIX working to add forward instrumentation
e fSTAR first runin 2022, sPHENIX in 2023
* Broad program in Cold QCD and spin
* Will enhance the planned A+A program
* Investment could be recovered for a future EIC detector

* An era of high-precision nPDF’s is available

* Multiobservable approach with multiple measurements from the
same detector can limit systematics

Test A-dependence, isospin, centrality, spin ...
RHIC and LHC data permit tests of evolution
Allows tests of universality with EIC data
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What about A+A?

PRC 83, 034911 (2011)
Wei Li QM17

Due to causality, correlations that are widely
separated in rapidity probe the earliest times.

Adding forward capabilities at RHIC 5 8
. R
will enable a new, complementary B - B
physics program to study the initial De-correlation of the event plane can result
diti in HI llisi from quantum fluctuations in the initial state.
conaitions in collisions.

Need to understand this to be able to extract
n/s(T) from hydrodynamic models.
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Fragmentation in a Nuclear Environment

Phys. Lett. B577, 37 (2003)
Phys. Lett. B684, 114 (2010)

Hadron production in e+A suppressed
R, e P o compared to e+p — must be a
05 oo = TN TN SRR, - fragmentation effect!
0 I | E -
| Fooagon a0 o &
12 N At I . 3 . it .

025 05 075 025 05 075 025 05 075 025 05 0.95

z z z z Kaufmann, Mukherjee and VogelsangPhys.Rev.D 92 5, 054015
o 1010 v v
'g_ pi?t! 2zp<2 pj;-n
: 109 pi-l'-}t.I’E<|.|42|D'.;?t
_g DSS error
-~ s LO
£ 107}
Access fragmentation - TR
functions (FF) through & By D Dk = 19
p+p(A) -> (jet h) X % s 10 pp — (jet 1) X, S = 7 TeV \
'~ by 15 GeV < pif'< 20 GeV, [n| < 0.5 :
o 105 antik, R=04
% CT10, DSS14
'U .‘.
5 10 '
&
= 103

01 02 03 04 05 06 07 08 009
Zp

see talk by Ivan Vitev (Wednesday)

6/28/2018 Initial Stages 2019 50



Fragmentation in a Nuclear Environment

Phys. Lett. B577, 37 (2003)
Phys. Lett. B684, 114 (2010)

__He _ _Ne _ __Kr Xe Hadron production in e+A suppressed
A I« HERMES ] N"‘b\. M\r L .
L] =S v 0. DO ST R Y TR DU . - TR DR fragmentation effect!
e T | —— A D~ s | S AR o {
()‘-:— — nFF (nDS) |t nFF
e wanems
()Iﬁi-;'---l':ll-"{[ll_)?) It . . NOrta
025 05 075 025 05 T s
/ / and VogelsangPhys.Rev.D 92 5, 054015
. - -
pjTeE"chl:q?PjTQ[
pJF[.n"2<p<2]DJTa[
DSS error W
LO <o
' NLO =——
Access fragmentatio
functions (FF) throug
p+p(A) -> (jet h) X
! e o a 108 anti k, R=0.4
; % CT10, DSS14
.f-," ,,{z,.—] e o
oy 5 10
.3
dogy = 408 . i ; ; ; : : : :
01 02 03 04 05 06 07 08 09
Zp
see talk by Ivan Vitev (Wednesday)
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CMS PAS HIN-16-006

Jet Substructure ETEETE] =

PbPb 404 ub”’

1.4 Centrality: 0-10% + E

a 12 ¥ ¥

s i 3

o F

. S o8 3

0.6 -

__________RT'] 04 :

S L ,,'.:;:':f 0.2

‘\‘ T : 1; : ) ' : I;. 7 E
‘ | ; — 16 i 1 ;
'|‘ pT2 \ | 'r _ pT ,1 pT ,2 1.4 E 3
St | PR gd I Bl iy 4+ +
pT,l + pT,2 S os i e —+=+—“F‘+ P Jf— + ]
\‘ ‘ ! ? " 06 -... I 3

SNV 3 1 ¥

‘\'{\ / ,‘ 0.2 200<p <250 GeV -- 250<p <300GeV  + 300<p <500 GeV
“\ [/ O g2 63 a6 o 02 03 04 05 o1 02 03 04 05
W/ 7 z z
l.‘ ;
W 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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Diffraction/UPC

Data taken in 2015/17 by STAR will elucidate the
diffractive contribution to Ay at RHIC.

Fhasel  phasen . 2 ~ Pphasell PTSGI

@ I

Au e Au’
J/
|
7
“\ UPC collisions in p+A will allow study of:
P \T/ p’ * The gluon spatial distribution in nuclei (“proton shine”)
e 1 * The gluon helicity flip Generalized Parton Distribution (GPD)
Ayr(Tot)~ ol ol t=h E, (“A-shine”)
m, I1HI s
Requires Roman Pots, good t-acceptance and high luminosity
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Forward Tracking

G4 Simulation and (PH)GenFit to extract (Preco = Prrue)/Prrue VS- Prrue (Fight plot)
For each slice of py,,., fit with Gaussian, extract mean as offset, sigma as resolution

0.06

%0.14 L T T T T | T T T T I T T T T I T T T T T T T I T T T T i
© [ o= ]
0.12— —— n=15: 0.8% ®0.08% p _ Aplp
— — hp_residual vs_p
[ —— 1=20: 1.3% ®0.14%p i a i Enries 85521
0 1‘ n=2.5: 22% ®0.21% p 7 0.8k _ Meanx 1644
L —— 1=3.0: 3.4% ©0.22% p ] . I
B i 06 _ MSx  B.142)
| n=3.5: 5.6% ® 0.36% p i - T] - 3 = RMSy 006276
0.08— — = :
B ]

0.04
0.021-
0 1 1 L 1 l 1 L 1 1 I L 1 1 L | 1 1 L 1 1 1 L 1 1 I L 1 1 1 10[ e & , L1 g | 1 0
0 5 10 15 20 25 30 5 10 15 20 25 30
p[G eV, fC] plGeVic]
Excellent momentum resolution! Tracking simulations by Haiwang Yu
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Multi-year sPHENIX run plan

} 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 | ptp | 200 11.5 48 pb~! 267 pb!
| Year-2 | pt+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 | 235 | l4nb™ 48 nb™! 92 nb™"

* Guidance from ALD to think in terms of a multi-year run plan

» Consistent with language in DOE CD-0 “"mission need” document

* Based on BNL C-AD guidance on projected luminosity

* Incorporates commissioning time in first year

» Structured so that first three years delivers at least minimum science program

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

47 billion (Year-1) + 26 billion (Year-2) + 96 billion (Year-3) = Total 239 billion events

For topics with Level-1 selective trigger (e.g. high pr photons), one can sample within lzI < 10 cm a total of 550

billion events. One could sample events over a wider z-vertex for calorimeter only measurements, 1.5 trillion events.
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The Big Picture at RHIC (and the EIC...)
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The Big Picture at RHIC (and the EIC...)

Two Pillars of QCD:
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The Big Picture at RHIC (and the EIC...)

Two Pillars of QCD:

Long-distance physics
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The Big Picture at RHIC (and the EIC...)

Long-distance physics NIEETTE N Extract PDF’s Two Pillars of QCD:
S - D:=WDGeV2 gluons
/ \ £ from Hera..

£ o
E 20f
:ﬂf % 1.5

1 Em ., CMS prelimina 60 nb” \Vs=7TeV

s 4 % 0 NE N sy Ny
et Seeterta e adronization § Sor e\, § SCCHCREE

& Fraction of Overall Profon Momentum Camied by Parton 97 :::;:3:?:1‘; :

: E 107 LHC E

. Calculate o ]

cross sections 10 —nopocoe\ ]

p. uncertainty 4

1 Anti-k; R=0.5 PF -4

chD at LHC " 20 30 16(} 200 10‘00
P, (Gev)
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The Big Picture at RHIC (and the EIC...)

Long-distance physics NIEETTE N Extract PDF’s Two Pillars of QCD:
§ Q: = 10&“’2 luons 4
£ Y | from Hera..
5. -
5 1.5
E 1.0 4 CMS preliminary, 60 nb” \Js=7TeV
Ens 2 A %10‘1 © lyl<0.5 (x1024) | J
fation § gl e i
TR i E——h N 1 - Temasten Factoriza
& Fraction of Overall Proton Momentum Carred by Partan _EP"D? g::;:::ﬁz:g:; :
| A LHC ]
. Calculate - R ]
cross sections 10F —nuopocom N\
1 Aml-k, R=0.5 PF -
at LHC " 20 30 160 200 10‘00

Py (GeV)

Factorizatio

e Advances in QCD theory over the past
two decades have pushed us away from
a simple collinear factorization approach
and towards extreme regimes that

challenege our underlying assumptions.
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