Physics with Tagged Forward Protons in Proton-Proton Collisions at RHIC

The Journey from Elastic Scattering to Central Exclusive Production and Back
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ow it all started: The p-value from UA4

It was summer of 1992 or so when | attended a student/postdoc seminar at FNAL (I was working on DO
experiment at the time). | learned about the anomalous p—measurement at CERN.
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Fig 4 The present result on the paiameter p 1s shown together

with lower energy data for pp and pp elastic scattering

Proton-antiproton elastic scattering was measured at the CERN SPS Collider at the centr-of-mass energy ., $=546 GeV I the

Coulomb interference region The data provide information on the phase of the hadronic amplitude 1n the forward direction _The Th e ex p ecte d Vva I ue was p = O . 1 2

conventional analysts gives for the ratio p of the real to the imaginary part of the hadronic amplitude the result p=0 24 +0 04

Knowing that RHIC program was being formulated | decided that this would be a good thing to check at RHIC.
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The Gap — Status at the time of the proposal

Highest energy at that time:

pp: 63 GeV (ISR)
pp: 1.8 TeV (Tevatron)

pp2pp energy range:
50 GeV < Vs <500 GeV
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RHIC: Heavy lon and Polarized Proton — Proton Collider
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Spin dependence in elastic scattering

Matrix elements

(++|M |++) non—flip
++|M |——) double spin flip

&, (s,t)
¢, (s.1) =

&, (s,¢) = (+—| M | +—) non—flip

G, (s.0)={+|M|—+) double spin flip
#; (5.1) = (++| M | +-) single spin flip

$,(s.)=¢" (s,8)+ @™ (s,1)
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do 2m

E=—{|¢1| 1y 105 + 0 +4105 2]
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Ay (s, ) =
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Results from PP2PP: /s = 200 GeV

Three papers in PLB

B-slope
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TABLE I: Double spin asymmetries Ayy, Ass, (Any + Ass)/2 and (Ayy — Agg)/2 for the

t-interval 0.010 < —t < 0.030 (GeV/c)? at < —t >= 0.0185 (GeV/c)?.

ANN Ass (Ann + Ass)/2|(Ann — Ass)/2
Asym 0.0298 0.0035 0.0167 0.0131
AAsym (stat.4+norm.) +0.0166 40.0081 4+0.0091 +0.0096
AAsym (syst.) +0.0045 +0.0031 +0.0034 +0.0072
AAsym due to A(Py - Pp) 1323 %

Phys. Lett. B647, 98 - 103 (2007)
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Move to the STAR experiment

* A big motivation was Central Exclusive Production (CEP) to take
advantage of combining Roman Pots of the PP2PP experiment with
the STAR’s capabilities to measured central system.

* Elastic scattering program also continued.
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Single spin Ay asymmetry result

W
Matrix elements

¢1 (s,2)=(++|M |++) non—flip
5,1)

(
(s,t):<+ | M | +-) non—flip
@, (s,t)=(+—| M |—+) double spinflip
( { =<++|M|+ > single spin flip

b (50) = 87 (5.0~ 67 (5.0)
d 2
o S“{|¢1| 1o+ 2+ 4105 2]

do —4r

Ay (s,2) o 2 Im{ ¢;(¢1+¢2+¢3—¢4)}
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— best fitted r,

Phys. Lett. B719 (2013) 62-69
0 0.005 0.01 0015 0.02 0025
-t [(GeV/c)?]

Re r; = 0.0017 +-0.0017 (stat.) +-0.061 (syst.)
Im r5 = 0.007 +-0.03 (stat.) +- 0.049 (syst.)

Pomeron spin-flip is consistent
with zero
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Re rs = 0.0017 +-0.0017 (stat.) +-0.061 (syst.)
Im rs = 0.007 +-0.03 (stat.) +- 0.049 (syst.)

Imr,

- —— Stat. Error

————— Stat.+Syst. Error | .*"

________

a) ThiI; work\'s=200GeV

b) RHIC pp2pp\'s=200GeV
¢) RHIC H-jet\'s=21.7GeV
d) FNAL E704\s=19.4GeV
e) RHIC H-jet\s=13.7GeV
f) RHIC H-jet\s=7.7GeV

g) RHIC H-jet\'s=6.8GeV

-0.005

0
Re rs

Phys. Lett. B719 (2013) 62-69

1) anomalous moment
2) quark-diquark
3) two-pion exchange

4) impact picture
III|III|III|

-0.4-0.2 0 0.2 0.4 06 0.8 1
Imr,

Pomeron spin-flip is consistent with zero
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Result on Ay — Comparison with Models and World Data
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Central Exclusive Production (CEP)

Exclusive means that all particles in the final state are measured

pp=>pXp p p

Y
\

| . | |
I -

IP N | § | }. X
}' An, ’} - ‘4'&12 | For each proton vertex one has

P . } } } t four-momentum transfer
] e

> . é, M My invariant mass
p p

* |Interms of QCD, Pomeron exchange consists of the exchange of a color singlet
combination of gluons.

* Hence, triggering on forward protons at high (RHIC) energies predominantly selects
exchanges mediated by gluonic matter.
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Roman Pots
Side view
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Event Cuts for pp =>p ' p

Only Elastic or Inelastic combination of protons in
Roman Pots were accepted

Exactly 2 good quality tracks in Roman Pots (one per
side, all 8 planes were used)

Exactly 2 primary TPC tracks from the same vertex
2 TOF hits matched with tracks from TPC

Total charge of tracks =0

No cuts on TPC/TOF track quality

Missing transverse momentum of all measured
particles p;™s < 70 MeV/c to assure exclusivity

PID for ™" based on dE/dx and ToF
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G@ Results on CEP: n*n~, K*K~,pp production at Vs =200 GeV

p+p—op+mt+p’ Vs = 200 GeV

STAR

=

©

9

2 100F x+,x: p,>02GeV  p: (p,+0.3GeV) +p?<0.25GeV? ]
= i <0.7 0.2GeV < p | < 0.4 GeV

= - a " ! p,>-0.2 GeV

& & ++#Q o ¢ Data == Syst. uncertainty

% ? L — DiMe — GenEx x 0.25(Abs.) 1
g 60 — Pythia 8 MBR x 0.25 ]

J. High Energy Phys. 2020, 178 (2020)
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(p, +0.3 GeV)’ + p2 < 0.25 GeV? |
0.2GeV <|p | <0.4 GeV
p,>-0.2 GeV .

K K: p"
| p, > 0.3 GeV
- Ml <0.7
| min(p], p;) < 0.7 GeV
+ ¢ Data

= Syst. uncertainty
* —— DiMe

—— GenEx x 0.45(Abs.)

— Pythia 8 MBR x 0.25

SERTRN! -

- - =

15 2
m(K*'K) [GeV]

do/dm(pp) [pb/GeV]
(4]
o

-
o
(=]

50

| STAR

N

p, > 0.4 GeV

" Wl <0.7
[ min(p}, p;) < 1.1 GeV

p+p—p'+pp+p’ Vs =200 GeV

P (p, +0.3 GeV)’ + p? < 0.25 GeV* ]
0.2GeV <p | <0.4 GeV
p, >-0.2 GeV

N

+ Data
: Syst. uncertainty _

— Pythia 8 MBR x 0.25 ]

by

25

3
m(op) [GeV]

1. Inwtn spectrum drop at f0(980), a peak at f2(1270) MeV and structure at about 2200 MeV, are

observed.

2. Comparison with various continuum production models will help fine tune those models .
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Results on CEP at /s = 510 GeV: t*r~ and K*K~ spectra

Tomas Truhlar, PhD student at CTU Prague work in progress

009 T T T T T T T T T T T T €035 T T T T 1 T T T T
Q - STAR p+p—p+ram+p {s=510GeV 1 o - STAR p+p—p+K'K+p (s =510 GeV
©0.08F Preliminary - . 030 Preliminary B
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1. Features like those at Vs = 200 GeV are observed
2. Increased statistics for K*K- channel

3. Both compare well with the Graniitti simulator



Results on Elastic scattering: v/s = 200 GeV B-slope and o,
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Results at 510 GeV: shape of do/dt
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In the t range of this measurement the exponential slope B(t) has a quadratic dependence on t
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summary

1. The program with forward protons at RHIC delivered many important results
2. What started as a stand-alone experiment evolved into a more comprehensive physics
program with the STAR detector
3. Results included:
* Elastic scattering and its spin dependence at \s = 200 GeV
* A very comprehensive study of CEP at \s = 200 GeV was performed, which will affect
phenomenological models
Total cross section measurement at \s = 200 GeV
Measurement of pp elastic cross section at s =510 GeV
Measurement od double spin asymmetry Ay, in pp at s = 200 GeV
Differential cross section measurement at \s = 510 GeV
Study of CEP at \s = 510 GeV

© N LB

This reach program would not happen if not for the p—measurement by UA4
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b Results at 510 GeV: comparison with models

—
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All models predict B(t) dependence in the t range of this experiment
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