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RHICf is...

e Zero degree measurement near the
STAR interaction point at RHIC

* QOperation during transversely
polarized 510GeV p+p collisions

* Using the former LHCf Arm1
detector

Zero Degree Calorimeter
behind RHICf
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1. Cross section measurement for forward
particle production to improve cosmic-ray
air shower modeling (extension of LHCf)

2. Single-spin asymmetry measurement with
high p; resolution and wide p; coverage
(many talks tomorrow) 3
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Cosmic-ray spectrum and collider energy
(D’Enterria et al., APP, 35,98-113, 2011 )

Equivalent c.m. energy Vs, (GeV)

10? 10° 10* 10° 10°
19
6\ 10 __Illlf lT I lllllll f | III*III T | I lllllll | | l]lllll
L RHIC (p-p) Tevatron (p-p) 7 TeV 14 TeV
1018 HERA (y-p) LHC (p-p) v HiRes-MIA
4 HiRes |

IIIIIIII

End of galactic CR and
transition to extra-gal CR

—_

<
[T IIIIIIII\I;
3

Ankle | | (GZK) cutoff:

T TTTT

+ ¢ end of CR spectrum

Scaled ﬂux@(E) (m?s'srieV
o

Knee: end of galactic proton CR

10" =

= *esitln ¢

= % ATIC e KASCADE (QGSJET 01) 3%

— ¢ PROTON m KASCADE (SIBYLL 2.1) f
10— ¢ RUNJOB * KASCADE-Grande 2009

= Tibet ASg (SIBYLL 2.1)

N Indirect observation through air shower
10" T e T

10" 10" 10" 10'° 10" 10'"® 10" 10%° 10%
Energy (eV/particle) 4



Cosmic-ray spectrum and collider energy

(D’Enterria et al., APP, 35,98-113, 2011 )

Equivalent c.m. energy \/s,, (GeV)

10 10° 10°, 10° 10°
u{-\ 1019_llllf IR | FTTH ) Il O | II]" | T T TTTT] | | IIIIIII
S - | 1 1
2 _ RH RHIC I'IHC I v FCC
B 18 HERA(y-p) LKC (pep) v HiRes-MIA
R 10 E i : r : s HiRes |
e - I nd of galactic CR and
T :&W* “w%% : I dansition to extra-gal CR
i) = 1 4
@ 10" = Ankle | | (GZK) cutoff:
5 - B end of CR spectrum
5 - Knee: end of galactic proton CR
o 15 — Bl
g 0 E 5%“% " \II

Relativistic Heavy lon Collider (RHIC) at Brookhaven National Laboratory
(BNL), USA provides p-p collisions at maximum Vs=510GeV
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doldx (mb)

Vs scaling; Neutron @ zero degree
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PHENIX, PRD, 88, 032006 (2013)
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LHCf, K.Kawade, PhD thesis, CERN-THESIS-2014-315
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v PHENIX explains the result by 1 pion exchange
v' More complicated exchanges at >TeV?

v LHCf data at 900GeV, 2.76TeV to be analyzed
v RHICf data at 510GeV will be added in 2017



Scaled flux E*° J(E) (m?s'sr'eVv'®)

Vs scaling, or breaking?
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Detail in the talks by Seidl and Park tomorrow

SSA of forward neutron production

A, vs. P, for leading neutron
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Theoretical explanation

* Pion-a, interference: results

- The data agree well with independence
of energy

* The asymmetry has a sensitivity to
presence of different mechanisms, e.g.
Reggeon exchanges with spin-non-flip
amplitude, even if they are small
amplitudes

Ay = s Izn(fg*z)
/1 +le

/ : spin non-flip amplitude
g : spin flip amplitude
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FIG. 1: (Color online) Single transverse spin asymmetry Ay
in the reaction pp — nX, measured at /s = 62, 200, 500 GeV

1] (preliminary data).

The asterisks show the result of our

calculation, Eq. (38), which was done point by point, since
each experimental point has a specific value of z (see Table I).

Kopeliovich, Potashnikova, Schmidt, Soffer: Phys. Rev.
D 84 (2011) 114012.
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Detail in the talk by Park tomorrow

SSA of forward neutron production

A, vs. P, for leading neutron

=

< Scaling uncertainties, 9.6, 11 and 22%
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1. Measurement at p;<0.3GeV in a single Vs

* possible by RHICf because of its 1Imm position resolution for neutrons
2. Measurement at p:>0.3GeV to know Ay evolution
* possible by RHICf because of its wide p; coverage required for cross

section measurements
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Short history of RHICf

RHICE

~ from the Large Hadron Collider forward

to the Longisland Hadron Collider forward ~
(named by R.Tanaka, LAL)

Takashi SAKO
STE lab/KMI, Nagoya University
(pN study by T.Suzuki (Waseda))

First international presentation at HESZ 2013

12



Short history of RHICf

* 2013 Jun: LOI was submitted to PAC
* 2014 Apr: Experiment at PHENIX site was agreed'&
* 2014 June: Proposal to PAC (partly approved)‘=

e 2015 Apr: Inconsistenc )qith the RHIC p-p plan and sPHENIX
upgrade plan appeared &

e But STAR agreed to host us &

e 2015 Jun: 1 week dedicated run in 2017 was approves by PAC &
e 2016 Jan: MOU with STAR «©

e 2016 May: LHCf detector was shipped to BNL

e 2016 Sep-2017 May: Installation and commissioning

e 2017 Jun: Physics operation!! &

* 2017 Sep: Detector was shipped out to Japan to complete a
world trip



The RHICT Detector

* Former LHCf Arm1 detector
 Compact imaging calorimeter towers

 Tungsten 44 r.l. + 16 sampling layers, 4XY pair GSO bar hodoscope

* Optimized for photon measurements (° - 2y) (AE/E < 5%)

e Capable of neutron measurement with AE/E~40%
« Wide p; coverage by vertical movement (up to 1.2GeV/c limited by beam pipe)

vertically movable

LHCf Arm1 Detector
20mmx20mm+40mmx40mm
4 XY GSO bar hodoscope
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Detector at STAR

Installed at 18m west from STAR IP
Vertically movable structure

STAR ZDC behind RHICf

Common operation with STAR => next

STAR detector

$21U0J}I3|D
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(SDd 49nJ49s)
wooJ yoey




Common Operation with STAR

Beam particle

Central detector
(TPC, TOF counter, ...)

(black solid)
\NNLN\ I_
7bC particles
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-
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collision ||

Pot Iscattering (black dashed)| Forward detector

(BBC, VPD, ...)

Roman Pot

v" STAR recorded data according to the RHICT trigger
* Correlation with central detector => diffractive/non—diffractive discrimination
 Coincidence with Roman pots => event—by—event diffractive mass

determination, exclusive measurement of A—pmn® (acceptance not studied)
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e Correlation with ZDC => improving RHICf hadron measurement



C-A Operations FY17

May 8, 2017
FY 2017
Program Element Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
AGS-Booster/EBIS Startup (break 12/23 - 1/3) Dec 12— b “
— . ,
RHIC Cryo scrub & Cooldown to 45 K Jan6 —pb
RHIC Cryo weeks
RHIC Cryo Cooldown/Warm-up reu s L Jul3

Feb 6 —|>ll|‘

Ju:;»r—,i

RHIC Cryo Operation

AL L A —r

RHIC Cryo off

RHIC STAR

May 30

RHIC Research with vs = 510 GeV/n pp

Jun 21

RHIC Research RHICf E= 255 GeV/n p

RHIC Research with Vs = 54.4 GeV/n AuAu

CeC PoP Experiment E= 40 GeV/n Au

RH

ICf week

Nov 1l | Nov30 Dec 22
v e
NSRL (NASA Radiobiology) -
Jan3

BLIP (Isotopes)

hd date?

BLIP (Other)

Shutdown (RHIC)

17



Collision rates in RHICf week

25 Jun. i 27 Jun.

TL center TS center Top

TS center

Fill 21145 Fill 21148 Fill 21149 Fill 21150

RHICf RHICf RHICf

RHICf
18.0m from IR

18.0m from IR 18.0m from 18.0m from IR
100 Crossing angle (half): 0.0 urad 100, Crossmg ang e (half): 0.0 urad 100! Crossing angle (half 1 0. 0 ura 100 Crossmg ang e (half): o 0 urd
Detector p05| |on .4.m p03| |on 0.m p SI |on on - 0.0.m| .

Higher * (=8m) than usual RHIC operation
Radial polarization (usually vertical) to maximize the single-spin asymmetry in vertical
* Luminosity~103! cm=s? 18



Quick look (statistics)
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RHICf Run17 Statistics
—&— RHICf All
—a— RHICf+STAR
——e—— L3T Shower
- L3T Speciall (Type-I n%)
——e—— 3T Special2 (High-energy EM)

Total : 110M events

100

RHICf+STAR
RHICf (shower event)

80

60 0 0po .
Total acquisition time

1659min = 27.7 hours

40

Number of recorded events

RHICf (High—energy EM trigger)

20

RHICT (Type-I 7 trigger)

[N

’ 24-121h . 25-09h 25-21h 2:(')9h l 26-21h l
US Eastern Time (June-2017)
e 10— T
s F — Al
w f —sh
¥ otk ower
10%E]
* Energy spectrum of EM-like ;
showers in a 30 minutes run 1025[
~250GeV
* High—energy EM showers and m° -
were selectively triggered to 10 RHIC Preliminary

RHICf Run17 510 GeV p+p
RHICf Run2798 (TS center)
Small-Tower, Photon-like

' ' A l AL 1 1 l A i i l ' A A

0 2 4 6 8 19

% dE [GeV]

compensate the limited DAQ speed.




Quick look (basic performance)

Hit maps of >200GeV hadron-like

events at different detector positions

=> Determination of “zero degree”

Number of Events
3
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Invariant mass of photon pairs
=> 135MeV peak by 7°

Correction factors considering the final alignment
and RHIC energy range are in study. 20




Quick look (common run with STAR)

H -lik: i T
Hadron-like events in Small Tower adron-like events in Small Tower
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e Hadron-like (deep penetrating) showers were selected

e Anticorrelation between the RHICT raw (folded) energy and ZDC measured energy (in
ADC unit) is confirmed

 (Anti)correlation only with West ZDC as expected => correct event matching
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RHICT finally took 27.7 hours data with high—energy EM enhance trigger



Summary

* RHICf is an experiment to measure zero degree particle

production in RHIC 510GeV p+p collisions
* Physics targets are

e Cross section measurements for Cosmic-ray physics (wide Vs

coverage combined with LHCf)

* Single-spin asymmetry measurement with wide p; coverage than

the former RHIC experiments

More talks tomorrow

 RHICf took data at RHIC (STAR IP) in this June
* Successful beam condition (8, radial pol)
e 27.7 hours of data taking
* Good data quality at the quick check level
* Energy coverage up to beam energy (255GeV)
e Zero degree determination
» 79 identification
* Successful common operation with STAR
e anticorrelation with ZDC assures correct event matching

* Possibilities of various analyses (diffraction identification,

determination, ...)

diffractive mass
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RHIC—ZDC anti correlation

Hadronic shower in RHICf

Leaked particles
caught by ZDC

* Anticorrelation was expected by

a MC simulation. EM shower in RHICf
No leak in ZDC

400 GeV photon

Data MC

Hadron-like events in Small Tower Hadron-like events in Small Tower (MC)
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