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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



θ xF = 2pz / s

pT = psinθ ≤ 1
2 s sinθ

p T
(G
eV

/c
)

LHCRHIC

ü Wide	xF-pT coverage	is	desired
ü Maximum	pT coverage	is	

proportional	to	𝜃√s	

xF-pT coverage	at	LHC	
7TeV and	RHIC	500GeV
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Why	not	LHC	900GeV?

ü RHIC	allows	larger	𝜃 with	smaller	√s
ü xF-pT coverage	at	LHC	7TeV	and	RHIC	

500GeV are	almost	identical!!



RHICf Installation	
@STAR	interaction	point
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10cm	gap	between	two	
separating	beam	pipes
=	RHICf space

Zero	Degree	Calorimeter
behind	RHICf

installation	space	was	
confirmed	in	drawing

LHCf	Arm1	detector,	=	RHICf,	
has	been	transported	to	BNL	in	
May	2016



RHICf detector	acceptance

Figure 6: Beam pipe structure btween the DX magnet and the RHICf location.

assuming no beam crossing angle. Here the beam center, or neutral center, is defined as the
projection of the beam direction at the IP to the RHICf detector position. Vertical 0mm
is defined as the vertical position of the non-crossing beam center. The area indicated
in blue shows the effective aperture of the RHICf calorimeters for photon measurements,
while blue plus light blue shows the aperture for neutron measurements. This difference is
because the thickness of the beam pipe is sufficient to obscure photons, but not for hadrons.

The detector will be held by a manipulator that moves the detector vertically by remote
control. Definition of the other possible detector positions are shown in Fig.8. These
positions are assumed in Sec.4.2 to estimate the total operation time and statistics. Another
position, garage, is also defined so that the RHICf detector does not interfere the operation
of the ZDC.

3.2 Data acquisition

Each PMT signal from 32 sampling scintillators is fed to a discriminator and generates
hit signal when the pulse height exceeds a predefined threshold level. A shower trigger is
issued when any 3 successive layers generate hits and when the timing is synchronized with
a passage of a bunch directing to the RHICf detector. The hit signals are handled by a
FPGA module, there is flexibility in the event trigger. Possible options to be used are two
photon trigger with one photon in each calorimeter to enhance π0 events, deep (shallow)
shower trigger to enhance photon (hadron) events. Because of the transfer speed of the
VME system, the maximum data recording rate is limited to 1 kHz. Prescaling for events
with large cross sections will be applied. More detailed description of the LHCf trigger is
described in [14].

The trigger signal of the RHICf experiment is sent to STAR and STAR records its signal
accordingly. Once STAR accepts to record a RHICf trigger, STAR sends back a token of
the event for RHICf to identify the common event at the offline analysis. Preparation for
this data exchange is ongoing.
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ü Widest	and	gapless	pT coverage	is	
realized	by	moving	the	vertical	
detector	position.

ü Beam	pipes	obscure	photons	but	not	
neutrons.

87.9mm

Zero	degree
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1.2GeV

Acceptance	in	E-pT phase	space

Limit	by	beam	pipe

Compact	double	calorimeters	
(20mmx20mm	and	40mmx40mm)

Cross	section	view	from	IP

Beam	pipe	
shadow	



LHCf/RHICf History
• 2004	LOI	submitted	to	CERN
• 2006	TDR	approved	by	CERN
• 2009	First	data	taking	at	√s=900GeV	p-p	collision
• 2010	√s=7TeV	p-p	collision
• 2013	√s=2.76TeV	p-p	&	√sNN=5TeV	p-Pb collisions
• 2013	RHICf LOI	submitted	to	BNL
• 2014	RHICf proposal	(PHENIX	site)	submitted	to	BNL	
• 2015	√s=13TeV	p-p	collision
• 2015	RHICf proposal	(STAR	site)	submitted	to	BNL,	partially	
approved	

• 2016	RHICf BUR	submitted	to	BNL and	approved	
• 2016	√sNN=8.2TeV	p-Pb collision		
• 2017	RHICf √s=510GeV	p+p collision
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Model	to	model	difference	
and	12	hours	statistics
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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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ü Behavior	is	very	similar	to	the	7TeV,	13TeV	cases
ü Good	statistics	except	for	photon	highest	energy



Schedule	of	RHICf
• Sep-Oct	2016:

• Modification	of	detector	to	fit	the	installation	slot
• DAQ	test
• Electronics	installation	in	the	STAR	site
• Cabling

• Nov-Dec	2016:
• Detector	installation,	commissioning	and	removal	out	of	beam	line

• Jan-Mar	2017:
• Commissioning	with	collisions	in	RUN17	(out	of	beam	line)

• May	(TBD)	2017:
• Installation	into	beam	line
• Physics	data	taking	(STAR	detectors	will	record	data	according	to	the	
RHICf trigger!!)

• 1	week	is	assigned	for	whole	procedure	(installation,	beam	tuning,	
uninstallation)	

• 2018
• Results	in	ISVHECRI2018	at	Nagoya,	Japan
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Single	spin	asymmetry	by	PHENIX	
(PRD,	88,	032006,	2013)
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ZDC

ZDC+BBC

ü strong	asymmetry	in	forward	neutrons	was	
discovered	at	RHIC

ü scaled	with	pT at	√s	=	62,	200,	500	GeV?

PHENIX	results	at	200GeV

ϕ

R

Lp p n

RHICf can	cover	pT<1GeV	only	
with	√s	=	510	GeV	operation!



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

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



Summary

üRHICf measures	forward	particle	production	in	
√s=510	GeV	p-p	collisions	at	RHIC

üComparing	with	the	LHCf	results,	√s	dependence	of	
particle	production	can	be	experimentally	
determined	=>	useful	to	extrapolate	beyond	the	
LHC	energy,	even	to	interpolate	below	LHC

üSingle	spin	asymmetry	measurement	may	give	a	
hint	for	the	fundamental	process	in	the	hadronic	
interaction	

üExperiment	is	approved	and	operation	is	planned	
in	mid	2017!!
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Backup
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Requested	Beam	Condition
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1day	for	β* setup,	1	day	for	polarization	direction,	1	day	for	physics	+	contingency
=>	5 days	of	dedicated	time	needed		

to	reduce	beam	divergence

to	measure	up-down	asymmetry


