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RHICf is…
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Zero	Degree	Calorimeter
behind	RHICf

• Zero	degree	measurement	near	the	
STAR	interaction	point	at	RHIC

• Operation	during	transversely	
polarized	510GeV	p+p collisions

• Using	the	former	LHCf	Arm1	
detector

Physics	targets:
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	pT resolution	and	wide	pT coverage	
(many	talks	tomorrow)



Cosmic-ray	spectrum	and	collider	energy
（D’Enterria et	al.,	APP,	35,98-113,	2011	）
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Knee:	end	of	galactic	proton	CR

End	of	galactic	CR	and	
transition	to	extra-gal	CR

Ankle (GZK)	cutoff:	
end	of	CR	spectrum

Indirect	observation	through	air	shower



Cosmic-ray	spectrum	and	collider	energy
（D’Enterria et	al.,	APP,	35,98-113,	2011	）
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FCC

Knee:	end	of	galactic	proton	CR

End	of	galactic	CR	and	
transition	to	extra-gal	CR

Ankle (GZK)	cutoff:	
end	of	CR	spectrum

LHCRHIC

Indirect	observation	through	air	shower

Relativistic	Heavy	Ion	Collider	(RHIC)	at	Brookhaven	National	Laboratory	
(BNL),	USA	provides	p-p	collisions	at	maximum	√s=510GeV



√s	scaling	; π0	
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ü Scaling	is	essential	to	extrapolate	beyond	LHC
ü (630GeV	−)	2.76TeV	– 7TeV

good	scaling	within	uncertainties
ü Wider coverage	in	y	and	pT with	13TeV	data
ü Wider	√s	coverage	with	RHICf experiment	in	

2017	at	√s=510GeV

Feynman	x;	
xF =	2pz/√s



√s	scaling;	Neutron	@	zero	degree
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are the efficiency for the experimental cuts and are listed in
Table I. The errors were derived considering the
uncertainty in the parameter aðxFÞ in the Gaussian form
evaluated by HERA. There is no significant difference in
the result in case of using the ISR (exponential) pT

distribution.
The mean values of the simulated pT distributions in

each energy region are also listed in Table I. The cross
section was obtained after the correction of the energy
unfolding and the cut efficiency.

Table II summarizes all systematic uncertainties eval-
uated as the ratio of the variation to the final cross section
values. The absolute normalization error is not included in
these errors. It was estimated by BBC counts to be 9.7%
(22:9# 2:2 mb for the BBC trigger cross section).

The background contamination in the measured neutron
energy with the ZDC energy from 20 to 140 GeV for the
acceptance cut of r < 2 cm was estimated by the simula-
tion with the PYTHIA event generator. The background from
protons was estimated to be 2.4% in the simulation. The
systematic uncertainty in the experimental data was deter-
mined to be 1.5 times larger than this as discussed in
Sec. II B 3. Multiple particle detection in each collision
was estimated to be 7% with the r < 2 cm cut.

In the cross section analysis, we evaluated the beam
center shift described in Appendix A as a systematic
uncertainty. For the evaluation, cross sections were calcu-
lated in the different acceptances according to the result of
the beam center shift while requiring r < 2 cm, and the
variations were applied as a systematic uncertainty.

B. Result

The differential cross section, d!=dxF, for forward
neutron production in pþ p collisions at

ffiffiffi
s

p ¼ 200 GeV
was determined using two pT distributions: a Gaussian
form, as used in HERA analysis, and an exponential
form, used for ISR data analysis. The results are listed in
Table III and plotted in Fig. 13. We show the results for xF
above 0.45 since the data below 0.45 are significantly
affected by the energy cutoff before the unfolding. The
pT range in each xF bin is 0< pT < 0:11xF GeV=c from
Eq. (2) with the acceptance cut of r < 2 cm. The absolute
normalization uncertainty for the PHENIX measurement,
9.7%, is not included.

TABLE I. The expected pT for r < 2 cm, mean pT value with
the experimental cut, and the efficiency for the experimental cut
estimated by the simulation (Fig. 12). The errors were derived
considering the uncertainty in the parameter aðxFÞ in the
Gaussian form evaluated by HERA.

Neutron xF Mean pT (GeV=c) Efficiency

0.45–0.60 0.072 0:779# 0:014ð1:8%Þ
0.60–0.75 0.085 0:750# 0:009ð1:2%Þ
0.75–0.90 0.096 0:723# 0:006ð0:8%Þ
0.90–1.00 0.104 0:680# 0:016ð2:3%Þ

TABLE III. The result of the differential cross section
d!=dxFðmbÞ for neutron production in pþ p collisions at

ffiffiffi
s

p ¼
200 GeV. The first uncertainty is statistical, after the unfolding,
and the second is the systematic uncertainty. The absolute
normalization error, 9.7%, is not included.

hxFi Exponential pT form Gaussian pT form

0.53 0:243# 0:024# 0:043 0:194# 0:021# 0:037
0.68 0:491# 0:039# 0:052 0:455# 0:036# 0:085
0.83 0:680# 0:044# 0:094 0:612# 0:044# 0:096
0.93 0:334# 0:035# 0:111 0:319# 0:037# 0:123

TABLE II. Systematic uncertainties for the cross section mea-
surement. The absolute normalization error is not included in
these errors. The absolute normalization uncertainty was esti-
mated by BBC counts to be 9.7% (22:9# 2:2 mb for the BBC
trigger cross section).

Exponential pT

form
Gaussian pT

form

pT distribution 3%–10% 7%–22%
Beam center shift 3%–31%
Proton background 3.6%
Multiple hit 7%
Total 11%–33% 16%–39%
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FIG. 13 (color online). The cross section results for forward
neutron production in pþ p collisions at

ffiffiffi
s

p ¼ 200 GeV are
shown. Two different forms, exponential (squares) and Gaussian
(circles), were used for the pT distribution. Statistical uncertain-
ties are shown as error bars for each point, and systematic
uncertainties are shown as brackets. The integrated pT region
for each bin is 0< pT < 0:11xF GeV=c. Shapes of ISR results
are also shown. Absolute normalization errors for the PHENIX
and ISR are 9.7% and 20%, respectively.

A. ADARE et al. PHYSICAL REVIEW D 88, 032006 (2013)

032006-10

PHENIX,	PRD,	88,	032006	(2013)
pT <	0.11	xF GeV/c
√s	=	30-60	GeV	@ISR
√s	=	200	GeV	@RHIC

LHCf,	K.Kawade,	PhD	thesis, CERN-THESIS-2014-315	
pT <	0.11	xF GeV/c
√s	=	7000	GeV	@LHC

ü PHENIX	explains	the	result	by	1	pion	exchange
ü More	complicated	exchanges	at	>TeV?
ü LHCf	data	at	900GeV,	2.76TeV	to	be	analyzed
ü RHICf data	at	510GeV	will	be	added	in	2017
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Figure 6.8: x

F

distribution of neutrons at p

T

range 0 < p

T

< 0.11x
F

GeV/c

at LHCf and ISR (PHENIX) [25]. The systematic uncertainties of the LHCf
are shown as hatched area.

form the unfolded experimental spectra and given as below,

dσ

n

/dE =
dN(∆η∆E)

dE

1

L

× 2π

dφ

[mb], (6.1)

where dN(∆η∆E) means the number of neutrons observed in the each ra-
pidity range and each energy binning, L is the integrated luminosity cor-
responding to the data set. The last term is correction of the azimuthal
interval. The cross sections are summarized in Table 6.3. Experiment shows
most hard spectra than each model, the QGSJET II-03 model predicted
similar neutron production rate compared with the experiment at the small
tower. On the other hand, PYTHIA 8.145 predicted the neutron production
rate similar to the experimental results at the large towers.

The experimental results were also compared with the ISR and PHENIX
results [25]. Figure 6.8 shows the x

F

distributions at p

T

range 0 < p

T

<

0.11x
F

GeV/c for the LHCf and PHENIX results. The shape of the LHCf
measurement was strongly depend on the energy scale correction. The sys-
tematic uncertainty was indicated as hatched area. The uncertainty of ab-
solute normalization of 6.1% for the LHCf result and 9.7% for the PHENIX
measurement were not included. The LHCf results show similar results with
the previous experiments considering the change of spectra by the choice of
energy scale within the systematic uncertainty.
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√s	scaling,	or	breaking?

are the efficiency for the experimental cuts and are listed in
Table I. The errors were derived considering the
uncertainty in the parameter aðxFÞ in the Gaussian form
evaluated by HERA. There is no significant difference in
the result in case of using the ISR (exponential) pT

distribution.
The mean values of the simulated pT distributions in

each energy region are also listed in Table I. The cross
section was obtained after the correction of the energy
unfolding and the cut efficiency.

Table II summarizes all systematic uncertainties eval-
uated as the ratio of the variation to the final cross section
values. The absolute normalization error is not included in
these errors. It was estimated by BBC counts to be 9.7%
(22:9# 2:2 mb for the BBC trigger cross section).

The background contamination in the measured neutron
energy with the ZDC energy from 20 to 140 GeV for the
acceptance cut of r < 2 cm was estimated by the simula-
tion with the PYTHIA event generator. The background from
protons was estimated to be 2.4% in the simulation. The
systematic uncertainty in the experimental data was deter-
mined to be 1.5 times larger than this as discussed in
Sec. II B 3. Multiple particle detection in each collision
was estimated to be 7% with the r < 2 cm cut.

In the cross section analysis, we evaluated the beam
center shift described in Appendix A as a systematic
uncertainty. For the evaluation, cross sections were calcu-
lated in the different acceptances according to the result of
the beam center shift while requiring r < 2 cm, and the
variations were applied as a systematic uncertainty.

B. Result

The differential cross section, d!=dxF, for forward
neutron production in pþ p collisions at

ffiffiffi
s

p ¼ 200 GeV
was determined using two pT distributions: a Gaussian
form, as used in HERA analysis, and an exponential
form, used for ISR data analysis. The results are listed in
Table III and plotted in Fig. 13. We show the results for xF
above 0.45 since the data below 0.45 are significantly
affected by the energy cutoff before the unfolding. The
pT range in each xF bin is 0< pT < 0:11xF GeV=c from
Eq. (2) with the acceptance cut of r < 2 cm. The absolute
normalization uncertainty for the PHENIX measurement,
9.7%, is not included.

TABLE I. The expected pT for r < 2 cm, mean pT value with
the experimental cut, and the efficiency for the experimental cut
estimated by the simulation (Fig. 12). The errors were derived
considering the uncertainty in the parameter aðxFÞ in the
Gaussian form evaluated by HERA.

Neutron xF Mean pT (GeV=c) Efficiency

0.45–0.60 0.072 0:779# 0:014ð1:8%Þ
0.60–0.75 0.085 0:750# 0:009ð1:2%Þ
0.75–0.90 0.096 0:723# 0:006ð0:8%Þ
0.90–1.00 0.104 0:680# 0:016ð2:3%Þ

TABLE III. The result of the differential cross section
d!=dxFðmbÞ for neutron production in pþ p collisions at

ffiffiffi
s

p ¼
200 GeV. The first uncertainty is statistical, after the unfolding,
and the second is the systematic uncertainty. The absolute
normalization error, 9.7%, is not included.

hxFi Exponential pT form Gaussian pT form

0.53 0:243# 0:024# 0:043 0:194# 0:021# 0:037
0.68 0:491# 0:039# 0:052 0:455# 0:036# 0:085
0.83 0:680# 0:044# 0:094 0:612# 0:044# 0:096
0.93 0:334# 0:035# 0:111 0:319# 0:037# 0:123

TABLE II. Systematic uncertainties for the cross section mea-
surement. The absolute normalization error is not included in
these errors. The absolute normalization uncertainty was esti-
mated by BBC counts to be 9.7% (22:9# 2:2 mb for the BBC
trigger cross section).

Exponential pT

form
Gaussian pT

form

pT distribution 3%–10% 7%–22%
Beam center shift 3%–31%
Proton background 3.6%
Multiple hit 7%
Total 11%–33% 16%–39%
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FIG. 13 (color online). The cross section results for forward
neutron production in pþ p collisions at

ffiffiffi
s

p ¼ 200 GeV are
shown. Two different forms, exponential (squares) and Gaussian
(circles), were used for the pT distribution. Statistical uncertain-
ties are shown as error bars for each point, and systematic
uncertainties are shown as brackets. The integrated pT region
for each bin is 0< pT < 0:11xF GeV=c. Shapes of ISR results
are also shown. Absolute normalization errors for the PHENIX
and ISR are 9.7% and 20%, respectively.

A. ADARE et al. PHYSICAL REVIEW D 88, 032006 (2013)

032006-10

RHICf

LHCf	2.76TeV	and	7TeV	data	shows	
√s	scaling	of	forward	𝜋0

ISR	(30-60GeV),	PHENIX	(200GeV)	and	LHCf	(7TeV)	data	
indicate	√s	scaling braking of	forward	neutrons	

LHCf
𝜋0
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Figure 6.8: x

F

distribution of neutrons at p

T

range 0 < p

T

< 0.11x
F

GeV/c

at LHCf and ISR (PHENIX) [25]. The systematic uncertainties of the LHCf
are shown as hatched area.

form the unfolded experimental spectra and given as below,

dσ

n

/dE =
dN(∆η∆E)

dE

1

L

× 2π

dφ

[mb], (6.1)

where dN(∆η∆E) means the number of neutrons observed in the each ra-
pidity range and each energy binning, L is the integrated luminosity cor-
responding to the data set. The last term is correction of the azimuthal
interval. The cross sections are summarized in Table 6.3. Experiment shows
most hard spectra than each model, the QGSJET II-03 model predicted
similar neutron production rate compared with the experiment at the small
tower. On the other hand, PYTHIA 8.145 predicted the neutron production
rate similar to the experimental results at the large towers.

The experimental results were also compared with the ISR and PHENIX
results [25]. Figure 6.8 shows the x

F

distributions at p

T

range 0 < p

T

<

0.11x
F

GeV/c for the LHCf and PHENIX results. The shape of the LHCf
measurement was strongly depend on the energy scale correction. The sys-
tematic uncertainty was indicated as hatched area. The uncertainty of ab-
solute normalization of 6.1% for the LHCf result and 9.7% for the PHENIX
measurement were not included. The LHCf results show similar results with
the previous experiments considering the change of spectra by the choice of
energy scale within the systematic uncertainty.
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SSA	of	forward	neutron	production

9

• PHENIX	measurements	suggest	pT scaling	of	AN
• Low	pT was	limited	by	the	1cm	position	resolution	of	

the	detector.		Neutrons	hit	near	zero	degree	was	not	
used	in	the	analysis.	

Interaction

LR definition

NN

RL

RL
N

P
A

dd
ddA

e

ss
ss

ss
ss

×=

+
-

=
+
-

º




¯

¯

1

Detail	in	the	talks	by	Seidl and	Park	tomorrow



Theoretical	explanation

• Pion-a1 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

10

( )
22

*Im2
gf
fgAN

+
»

f : spin non-flip amplitude
g : spin flip amplitude

Kopeliovich,	Potashnikova,	Schmidt,	Soffer:	Phys.	Rev.	
D	84	(2011)	114012.	



SSA	of	forward	neutron	production
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1. Measurement	at	pT<0.3GeV	in	a	single	√s
• possible	by	RHICf because	of	its	1mm	position	resolution	for	neutrons

2. Measurement	at	pT>0.3GeV	to	know	AN	evolution
• possible	by	RHICf because	of	its	wide	pT coverage	required	for	cross	

section	measurements

1

2

Detail	in	the	talk	by	Park	tomorrow



Short	history	of	RHICf

First	international	presentation	at	HESZ	2013
12



• 2013	Jun:	LOI	was	submitted	to	PAC
• 2014	Apr:	Experiment	at	PHENIX	site	was	agreed😄
• 2014	June:	Proposal	to	PAC	(partly	approved)🙂
• 2015	Apr:	Inconsistency	with	the	RHIC	p-p	plan	and	sPHENIX
upgrade	plan	appeared	😱

• But	STAR	agreed	to	host	us	😚
• 2015	Jun:	1	week	dedicated	run	in	2017	was	approves	by	PAC	😆
• 2016	Jan:	MOU	with	STAR	😊
• 2016	May:	LHCf	detector	was	shipped	to	BNL
• 2016	Sep-2017	May:	Installation	and	commissioning
• 2017	Jun:	Physics	operation!!	😃
• 2017	Sep:	Detector	was	shipped	out	to	Japan	to	complete	a	
world	trip

Short	history	of	RHICf

13



The RHICf Detector

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

vertically	movable

ZDC

IP

14

limited	by	
beam	pipe

View	from	IP

0	degree

η=6.0
pT<1.2GeV/c

• Former	LHCf	Arm1 detector
• Compact	imaging	calorimeter	towers
• Tungsten	44	r.l.	+	16 sampling	layers,	4XY pair	GSO	bar	hodoscope
• Optimized	for	photon	measurements	(𝜋0 →	2𝛾)	(𝛥E/E	<	5%)
• Capable	of	neutron	measurement	with	𝛥E/E∼40%

• Wide	pT coverage by	vertical	movement（up	to	1.2GeV/c	limited	by	beam	pipe）



Detector at STAR

STAR	detector

DAQ
	

electronics

long	cables
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Rack	room
(server	PCs)

Control	room
18m

• Installed	at	18m	west	from	STAR	IP
• Vertically	movable	structure
• STAR	ZDC	behind	RHICf
• Common	operation	with	STAR =>	next



Common Operation with STAR

ZDC

Neutral	
particles

collision

Roman	
Pot

Elastic/diffractive	
scattering（black	dashed）

Dipole

Beam	pipe

RHICf

Beam	particle
(black	solid)

Central	detector
(TPC,	TOF	counter,	…)

Forward	detector
(BBC,	VPD,	…)

Roman	Pot

RHICf and	
Zero	Degree	Calorimeter

ü STAR recorded data according to the RHICf trigger
• Correlation with central detector => diffractive/non-diffractive discrimination
• Coincidence with Roman pots => event-by-event diffractive mass 

determination, exclusive measurement of 𝛥→p𝜋0 (acceptance not studied)

• Correlation with ZDC => improving RHICf hadron measurement 16

ZDC

Roman	
Pot
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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)

RHIC	Cryo scrub	&	Cooldown to	45	K Jan	6

RHIC	Cryo Cooldown/Warm-up Feb	6 Feb	9 June	30 Jul	3

RHIC	Cryo Operation

RHIC	Cryo off

RHIC	STAR May	30

RHIC	Research	with	√s	=	510	GeV/n	pp Jun 21

RHIC Research	RHICf E=	255	GeV/n	p

RHIC	Research	with	√s	=	54.4	GeV/n		AuAu

CeC PoP Experiment	E=	40	GeV/n	Au

Nov	30 Dec	22

NSRL	(NASA	Radiobiology)

Jan	3

BLIP	(Isotopes)

BLIP	(Other)

Shutdown	(RHIC)

21	weeks

13.7	wks2 wks

Dec	12

Nov	11

End	date?

Tentative

RHIC	Cryo weeks

RHICf week



Collision	rates	in	RHICf week

TL	center TS	center Top TS	center

18

• Higher	𝛽*	(=8m)	than	usual	RHIC	operation
• Radial	polarization	(usually	vertical)	to	maximize	the	single-spin	asymmetry	in	vertical
• Luminosity∼1031 cm-2s-1
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Quick look（statistics）

Total : 110M events

RHICf (Type-I 𝜋0 trigger)

RHICf+STAR

RHICf (High-energy EM trigger)

RHICf (shower event)

• Energy spectrum of EM-like 
showers in a 30 minutes run

• High-energy EM showers and 𝜋0

were selectively triggered to 
compensate the limited DAQ speed.

∼250GeV

Total acquisition time
1659min = 27.7 hours
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Quick look（basic performance）

Hit maps of >200GeV hadron-like
events at different detector positions
=> Determination of “zero degree”

Invariant mass of photon pairs
=> 135MeV peak by 𝜋0

Correction factors considering the final alignment 
and RHIC energy range are in study.
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Quick look（common run with STAR）

ZDC Neutral	particles

collision

Roman	
Pot

RHICf ZDC

• Hadron-like (deep penetrating) showers were selected
• Anticorrelation between the RHICf raw (folded) energy and ZDC measured energy (in 

ADC unit) is confirmed
• (Anti)correlation only with West ZDC as expected => correct event matching

WestEast



MC predictions (12 hours data)
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Figure 4.1: Energy spectra of photons expected from a 2 hours×6 positions dataset at
6.26< η <6.49 (top-left), 6.87< η <7.40 (top-right) 7.40< η <7.83 (bottom-left) and
8.27< η (bottom-right). Different colors designate event generators used in the calculation.

already with the statistics obtained from the short data taking.

4.3 Spin asymmetry

Using the same data set to the spectrum analysis, RHICf can study the spin asym-
metry like PHENIX but with a better position resolution and hence a better pT

resolution than the PHENIX SMD. The vertical scan allows RHICf to cover up to
higher pT than PHENIX. Expected numbers of events with xF >0.4 in several pT

bins are summarized in Tab.4.3. Effective number of collisions (luminosity) of 108

(2 nb−1) and 109 (20 nb−1) at each of 6 positions are assumed for the single shower
events (neutrons and photons) and π0 events, respectively. These correspond to a
data taking time of 12 and 4 hours, respectively, and can be completed during the
spectral measurements discussed in Sec.4.1. Statistical accuracies for determining
the amplitude of asymmetry (δA) are also summarized in the table. Assuming a
polarization P to be 50%, δA is defined as 1/(P

√
N). According to these statistics,
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Figure 4.2: Energy spectra of neutrons expected from a 2 hours×6 positions dataset at
6.26< η <6.49 (top-left), 6.87< η <7.40 (top-right) 7.40< η <7.83 (bottom-left) and
8.27< η (bottom-right). Different colors designate event generators used in the calculation.

∼1% statistical accuracy is obtained at pT <1.0 GeV/c, 0.5GeV/c and 0.5GeV/c for
neutrons, photons and π0, respectively. These extend the past PHENIX measure-
ments with good overlapping pT coverages. Expected data points given by RHICf
overlaid on the past PHENIX result are shown in Fig.4.5 as red ellipses. Here the
sizes of the ellipses indicate the expected pT resolution of RHICf [21] and ±1% errors
on asymmetry.

There are some options under consideration for the asymmetry measurements.

• High energy enhanced trigger to increase the statistics of high energy (high pT )
events.

• Trigger using the PHENIX Beam Beam Counter (BBC) as was done in the
PHENIX analysis.
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• Large model-to-model difference even at the RHIC energy
• RHICf finally took 27.7 hours data with high-energy EM enhance trigger



MC predictions (12 hours data)
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Figure 4.1: Energy spectra of photons expected from a 2 hours×6 positions dataset at
6.26< η <6.49 (top-left), 6.87< η <7.40 (top-right) 7.40< η <7.83 (bottom-left) and
8.27< η (bottom-right). Different colors designate event generators used in the calculation.

already with the statistics obtained from the short data taking.

4.3 Spin asymmetry

Using the same data set to the spectrum analysis, RHICf can study the spin asym-
metry like PHENIX but with a better position resolution and hence a better pT

resolution than the PHENIX SMD. The vertical scan allows RHICf to cover up to
higher pT than PHENIX. Expected numbers of events with xF >0.4 in several pT

bins are summarized in Tab.4.3. Effective number of collisions (luminosity) of 108

(2 nb−1) and 109 (20 nb−1) at each of 6 positions are assumed for the single shower
events (neutrons and photons) and π0 events, respectively. These correspond to a
data taking time of 12 and 4 hours, respectively, and can be completed during the
spectral measurements discussed in Sec.4.1. Statistical accuracies for determining
the amplitude of asymmetry (δA) are also summarized in the table. Assuming a
polarization P to be 50%, δA is defined as 1/(P

√
N). According to these statistics,
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Figure 4.2: Energy spectra of neutrons expected from a 2 hours×6 positions dataset at
6.26< η <6.49 (top-left), 6.87< η <7.40 (top-right) 7.40< η <7.83 (bottom-left) and
8.27< η (bottom-right). Different colors designate event generators used in the calculation.

∼1% statistical accuracy is obtained at pT <1.0 GeV/c, 0.5GeV/c and 0.5GeV/c for
neutrons, photons and π0, respectively. These extend the past PHENIX measure-
ments with good overlapping pT coverages. Expected data points given by RHICf
overlaid on the past PHENIX result are shown in Fig.4.5 as red ellipses. Here the
sizes of the ellipses indicate the expected pT resolution of RHICf [21] and ±1% errors
on asymmetry.

There are some options under consideration for the asymmetry measurements.

• High energy enhanced trigger to increase the statistics of high energy (high pT )
events.

• Trigger using the PHENIX Beam Beam Counter (BBC) as was done in the
PHENIX analysis.
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• Large model-to-model difference even at the RHIC energy
• RHICf finally took 27.7 hours data with high-energy EM enhance trigger

x10	more	events	thanks	
to	the	special	trigger	and	
28	hours	operation



Summary
• RHICf is	an	experiment	to	measure	zero	degree	particle	
production	in	RHIC	510GeV	p+p collisions

• Physics	targets	are
• Cross	section	measurements	for	Cosmic-ray	physics	(wide	√s	
coverage	combined	with	LHCf)

• Single-spin	asymmetry	measurement	with	wide	pT coverage	than	the	former	RHIC	experiments
• RHICf took	data	at	RHIC	(STAR	IP)	in	this	June

• Successful	beam	condition	(𝛽*,	radial	pol)
• 27.7	hours	of	data	taking
• Good	data	quality	at	the	quick	check	level

• Energy	coverage	up	to	beam	energy	(255GeV)
• Zero	degree	determination
• 𝜋0 identification

• Successful	common	operation	with	STAR
• anticorrelation with	ZDC	assures	correct	event	matching
• Possibilities	of	various	analyses	(diffraction	identification,	diffractive	mass	

determination,	…)
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More	talks	tomorrow



Backup
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MCシミュレーションとの比較

12

・実験結果はMCシミュレーションによる予測と同様の相関を持つ。 
　→シミュレーションで検出器応答を理解できていることを確認。 
　→シミュレーションで予想されていたRHICf - STAR ZDCの共同データ解析により 
　　エネルギー分解能の改善が期待できる。
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RHICf-ZDC anti correlation
共同データの確認②　RHICf - STAR ZDCの測定エネルギー 

9

中性子→ハドロンシャワー : 検出器後方層でも発達

光子→電磁シャワー : 検出器前方層で発達
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粒子種による発達深さの違いを 
パラメータ　L90%として 
ハドロンシャワーイベントと 
電磁シャワーイベントを分離。 
→各イベントのRHICf-ZDCの関係を 
　比較。

STAR-ZDC

Hadron-like 
イベント

EM-like 
イベント

ZDCにシャワーが 
漏れる

ZDCにシャワーが 
漏れない

Hadronic	shower	in	RHICf

EM	shower	in	RHICf

Leaked	particles
caught	by	ZDC

No	leak	in	ZDC

• Anticorrelation was	expected	by	
a	MC	simulation.
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