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Outline

• Forward	detectors	and	LHCf/RHICf
• LHCf results	(mainly	from	7TeV	p-p	collisions)

• 𝜋0

• Neutron
• (preliminary)	photon	result	at	13	TeV

• Origin	of	LHCfmeasured	particles	in	models,	and	
prospect	for	LHCf-ATLAS	joint	analysis
• √s	scaling
• Single-spin	asymmetry	at	RHIC
• Future	O-O	collision	at	LHC
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2ry particle	flow	at	colliders
multiplicity	and	energy flux	at	LHC	14TeV	p-p	collisions

Energy	Flux

All	particles

neutral

• LHCf covers	the	peak	of	energy	flow
• √s=14	TeV pp collision	corresponds	to	ECR=1017eV	
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Multiplicity	



Forward	detectors	@	Colliders

ZDC/LHCf/
RHICf

Neutral	
particles

collision

Roman	
Pot

Elastic	scattering
（black	dashed）

Dipole

Beam	pipe

ZDC/LHCf/
RHICf

Beam	particle
(black	solid)

Central	detector
(ATLAS,	CMS,	ALICE,	STAR,	…)

Forward	detector
(CASTOR,	TOTEM	T1,	T2)

Roman	Pot
(TOTEM	RP,	pp2pp,	UA7)

Zero	Degree	Calorimeter
(ZDC@ATLAS/CMS/ALICE/STAR/

PHENIX,	LHCf,	RHICf)

• ZDCs	(including	LHCf/RHICf)	 are	sensitive	 to	neutral	particles	
including	zero	degree	 4



ZDC	vs.	LHCf/RHICf
ZDC LHCf/RHICf

Original	purpose determination of	
centrality	in	A-A	
collisions	 =>	number	of	
spectator	neutrons	

measurements of	𝜋0 cross	
section	=>	position	
sensitive	 EM	calorimeter

Aperture large small

Thickness thick thin

Energy	resolution good good	in	EM	showers
poor	in	hadronic	showers

Position	resolution poor good

Single	particle	 identification poor good
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ATLAS

The	LHC	forward	experiment
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LHCf Arm#1

LHCf Arm#2

140m

• Neutral	particles	(photons	and	neutrons)	emitted	
around	0	degree	arrive	at	LHCf
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RHICf

From	the	LHC	forward	(LHCf)
to	the	RHIC	forward	(RHICf)
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LHCf Arm1	detector	in	the	LHC	tunnel

photo	at	PHENIX

Schematic	view	of	the	RHICf installation@STAR

STAR	Forward	region

Data	taking	in	RUN17	is	approved



θ xF = 2pz / s

pT = psinθ ≤ 1
2 s sinθ

Zero	degree	detector	and	acceptance

p T
(G
eV
/c
)

LHCRHIC 8



LHCf/RHICf Detectors

LHCf Arm#1	/	RHICf Detector
20mmx20mm+40mmx40mm
4	XY	SciFi+MAPMT

LHCf Arm#2	Detector
25mmx25mm+32mmx32mm
4	XY	Silicon	strip	detectors

• Imaging	sampling	shower	calorimeters
• Two	calorimeter	towers	in	each	of	Arm1	(RHICf)	and	Arm2	
• Each	tower	has	44	r.l.	of	Tungsten,16	sampling	scintillator	and	4	

position	sensitive	layers	
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Event	category	of	LHCf

10

π0 photon
Pi-zero	event
(photon	pair)

Single	photon	
event

Leading	baryon
(neutron)

Multi	meson	production

Single	hadron	
event

LHCf calorimeters

π0 photon



Detector	performance
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Arm2

ΔE/E	<	5%

ΔE/E	≈	40%



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
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FIG. 5: (color online). Experimental combined pz spectra of the LHCf detector (filled circles) in p+p collisions at
p
s = 7TeV.

Shaded rectangles indicate the total statistical and systematic uncertainties. The predictions of hadronic interaction models
are shown for comparison (see text for details.)
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FIG. 6: (color online). Experimental pT spectra of the LHCf detector (filled circles) in p + p collisions at
p
s = 2.76TeV.

Shaded rectangles indicate the total statistical and systematic uncertainties. The predictions from hadronic interaction models
are shown for comparison (see text for details.)

π0 pz spectra	in	7TeV	p-p	collisions
(PRD	submitted,arXiv:1507.08764	[hep-ex])

15• DPMJET3	and	PYTHIA8	overestimate	over	all	E-pT range



𝜋0 in	7TeV	p-p	collision	
LHCf and	models
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𝜋0 in	7TeV	p-p	collision	
LHCf and	models	(ratio	to	data)

17



π0 SIBYLL	2.1
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FIG. 5: (color online). Experimental combined pz spectra of the LHCf detector (filled circles) in p+p collisions at
p
s = 7TeV.

Shaded rectangles indicate the total statistical and systematic uncertainties. The predictions of hadronic interaction models
are shown for comparison (see text for details.)
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FIG. 6: (color online). Experimental pT spectra of the LHCf detector (filled circles) in p + p collisions at
p
s = 2.76TeV.

Shaded rectangles indicate the total statistical and systematic uncertainties. The predictions from hadronic interaction models
are shown for comparison (see text for details.)

• Underestimate	 in	low	pT,	overestimate	in	high	pT
• Totally	overestimate	because	of	larger	phase	space	in	high	pT



π0 EPOS-LHC
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FIG. 5: (color online). Experimental combined pz spectra of the LHCf detector (filled circles) in p+p collisions at
p
s = 7TeV.

Shaded rectangles indicate the total statistical and systematic uncertainties. The predictions of hadronic interaction models
are shown for comparison (see text for details.)
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FIG. 6: (color online). Experimental pT spectra of the LHCf detector (filled circles) in p + p collisions at
p
s = 2.76TeV.

Shaded rectangles indicate the total statistical and systematic uncertainties. The predictions from hadronic interaction models
are shown for comparison (see text for details.)

• Not	bad,	slightly	overestimate	 in	high	energy



π0 QGSJET	II-04

20
• Perfect	 in	shape,	slightly	underestimate	 in	higher	pT
• Totally	slightly	underestimate
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FIG. 5: (color online). Experimental combined pz spectra of the LHCf detector (filled circles) in p+p collisions at
p
s = 7TeV.

Shaded rectangles indicate the total statistical and systematic uncertainties. The predictions of hadronic interaction models
are shown for comparison (see text for details.)
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FIG. 6: (color online). Experimental pT spectra of the LHCf detector (filled circles) in p + p collisions at
p
s = 2.76TeV.

Shaded rectangles indicate the total statistical and systematic uncertainties. The predictions from hadronic interaction models
are shown for comparison (see text for details.)



Neutron
(√s=7TeV	p-p；PLB	750	(2015)	360-366)
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• DPM	and PYTHIA under	production	at	zero	degree
• DPM and	PYTHIA not	bad	at	off-zero	degree.		DPM is	best.



Neutron	SIBYLL	2.1
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• Lowest	neutron	yield,	especially	at	zero	degree



Neutron	QGSJET	II-03
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• Qualitatively	nice	agreement,	only	model,	at	zero	degree
• Lower	yield	at	non-zero	angle



Neutron	EPOS	1.99
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• Generally	 low	yield



to	be	covered	in	13TeV

LHCf
DPM3
QGS	II-04
EPOS-LHC

Energy	flow

25

• Post-LHC	models	(EPOS-LHC	and	QGSJET	II-04)	well	explain	
the	π0 results,	but	not	for	neutrons

• DPMJET3 explains	the	neutron	results,	but	it	is	not	recently	
used	for	CR	simulations

Black	solid	circle	:	LHCf data	(π0 ,	LHCf 2012)
Dotted	lines	:	π0 energy	flow	distribution	of	each	model
Thick	horizontal	line	:	Energy	flow	calculation	after	pT cut

π0 neutron

rapidity	(y) pseudo-rapidity	(η)



Energy	share	between	
π0	(photon) and	neutron
π0 neutron neutron/π0

LHCf 1 1 1

DPMJET	3.04	
(PYTHIA)

>>1 ~1 <<1

SIBYLL	2.1 >1 <<1 <<1

QGSJET	II-03, 04 ~1 <1 <1

EPOS	1.99,	LHC ~1 <1 <1
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Kela =
Elead

Elead + Eπ∑

Elasticity:

is	important	for	air	showers

“pseudo”-elasticity

Neutron/photon	“number”	ratio	in	the	same	angular	ranges

(𝜂>10.76) (9.22>𝜂>8.99) (8.99>𝜂>8.81)
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Photon	spectra,	√s=13TeV
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Photon	7TeV	vs.	13TeV



Diffraction/non	diffraction	tagging	by	
ATLAS	(prospect	for	13TeV	analysis)
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Diffraction	or	Non-diffraction	?	
𝜋0
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Tagging	by	ATLAS	
(no	track=diffraction-like)
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Technical	feasibility

• Common	Event	 ID	was	already	tested	using	5TeV	p-Pb
collision	data	in	2013
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Figure 1: Left: The di↵erence between the event time stamps recorded by ATLAS and LHCf detectors.
Right: Relation between the event BCIDs assigned by the two detectors, based on the information from
the event time stamp.

number of randomly chosen events from the LHCf dataset was sought in the ATLAS event list, based on
the agreement of ATLAS and LHCf absolute time stamps and the relative time di↵erence between the
events recorded on either side. These reference events were used to match subsequent and previous event
pairs utilizing the relative time di↵erence.

Figure 1 (left) shows the di↵erence of the time stamps from ATLAS and LHCf. The observed agree-
ment at the level of ±3 ns proves the time stamp can be safely used to match the events recorded by
ATLAS and LHCf, given the average data acquisition rate of O(10 Hz). In 2013 data taking the LHCf
data acquisition system recorded approximately 99.7% of all triggered events. The lost events corre-
spond to the end of LHCf runs and the problem is fixed in 2015 data taking. All events simultaneously
recorded by the LHCf and the ATLAS experiments are matched.

The matching based on the time stamp is confirmed by comparing the bunch crossing identifiers
(BCIDs) of the matched events. Figure 1 (right) shows an exact agreement of the BCIDs recorded by
ATLAS and that by LHCf in the matched events, demonstrating perfect synchronization of both data
acquisition systems. Two examples of matched events are illustrated in the event displays shown in
Fig. 2, with a reconstructed particle in TS and TL calorimeters of LHCf.

5 Analysis

The reconstruction of the LHCf data follows the standard LHCf analysis procedure to identify incident
particles and to determine their point of impact and energy [6]. The particle identification classifies the
showers as photon-like and hadron-like based on the longitudinal profiles of showers measured by the
16 sampling layers. The energy deposited in the 2nd up to and including the 13th sampling layer of the
towers is used to measure the total energy of the incident photon, and the energy deposited in the 3rd up
to the 16th sampling layer is used for to measure the incident neutron energy. The measured energies
are corrected for leaked shower particles and the position dependence of light collection e�ciency. The
absolute energy scale was calibrated by using the 100-200 GeV electron beams and the 350 GeV proton
beams from the Super Proton Synchrotron at CERN and was determined to a precision of 3.5% and 6.5%,
respectively [7, 9]. The events with a particle entering within 2 mm from the edge of the calorimeters
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Figure 3: The energy spectra of the photon-like (top) and hardon-like (bottom) events measured by LHCf
in TS (left) and TL (right) are shown as black circles. The e↵ects of the finite energy resolution and non-
uniformity of acceptance in pseudorapidity are not corrected for in these results. A classification based
on the number of charged particle tracks in the central region reconstructed by ATLAS is done. The
events with (without) reconstructed charged particles are shown as red triangles (blue squares).
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Classification of Events in the Combined ATLAS-LHCf Data Recorded
During the p+Pb Collisions at psNN = 5.02 TeV

The ATLAS and the LHCf Collaborations

Abstract

This document reports on a first analysis of a common dataset recorded by the ATLAS
and the LHCf detectors during the proton-lead collisions at psNN = 5.02 TeV in 2013. The
LHCf trigger signal was incorporated in the ATLAS Level-1 trigger system and it is shown
that the common events recorded by ATLAS and LHCf can be matched o↵-line. Preliminary
analysis of the combined dataset is carried out, forming an important precedent for the future
ATLAS-LHCf collaboration that will allow to further improve our understanding of cosmic-
ray air showers and modelling of inelastic processes at the LHC. The discrimination power
of using information from ATLAS to classify the events with reconstructed particles in LHCf
is demonstrated.

c� Copyright 2015 CERN for the benefit of the ATLAS and LHCf Collaborations.
Reproduction of this article or parts of it is allowed as specified in the CC-BY-3.0 license.
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Timing	and	bunch	ID	matching hadron	spectrum@	0	degree
(folded	energy)



√s	scaling
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√s	scaling	; π0	
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• (630GeV	−)	2.76TeV	– 7TeV
good	scaling	within	uncertainties

• Wider coverage	in	y	and	pT with	13TeV	data
• Wider	√s	coverage	with	RHICf experiment	in	

2017	at	√s=510GeV



√s	scaling	in	EPOS-LHC,	𝜋0
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510GeV	(RHIC)
7TeV	(LHC)
100TeV	(FCC)

xF

7TeV	/	510GeV
100TeV	/	510GeV

(x14	each	step)



√s	scaling;	Neutron
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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

O. Adriani et al. / Physics Letters B 750 (2015) 360–366 365

Fig. 6. Unfolded energy spectra of the small towers (η > 10.76) and the large towers (8.99 < η < 9.22 and 8.81 < η < 8.99). The yellow shaded areas show the Arm1 
systematic errors, and the bars represent the Arm2 systematic errors except the luminosity uncertainty. (For interpretation of the references to color in this figure legend, 
the reader is referred to the web version of this article.)

Fig. 7. Comparison of the LHCf results with model predictions at the small tower (η > 10.76) and large towers (8.99 < η < 9.22 and 8.81 < η < 8.99). The black markers and 
gray shaded areas show the combined results of the LHCf Arm1 and Arm2 detectors and the systematic errors, respectively. (For interpretation of the colors in this figure, 
the reader is referred to the web version of this article.)

where dN("η, "E) is the number of neutrons observed in the 
each rapidity range, "η, and each energy bin, "E . L is the inte-
grated luminosity corresponding to the data set. The cross sections 
are summarized in Table 5. Fig. 7 shows the combined Arm1 and 
Arm2 spectra together with the model predictions. The experimen-
tal results indicate the highest neutron production rate compared 
with the MC models at the most forward rapidity. The QGSJET 
II-03 model predicts a neutron production rate similar to the ex-
perimental results in the largest rapidity range. However, the DP-
MJET 3.04 model predicts neutron production rates better in the 
smaller rapidity ranges. These tendencies were already found in 
the spectra before unfolding, and they are not artifacts of unfold-
ing.

The neutron-to-photon ratios (Nn/Nγ ) in three different rapid-
ity regions were extracted after unfolding and are summarized in 
Table 4. Here, Nn and Nγ are the number of neutrons and num-
ber of photons, respectively, with energies greater than 100 GeV. 
The numbers of photons were obtained from the previous anal-
ysis [9] and the same analysis for the pseudo-rapidity range of 
8.99–9.22 defined in this study. The experimental data indicate a 
more abundant neutron production rate relative to the photon pro-
duction than any model predictions studied here.

Table 4
Hadron-to-photon ratio for experiment and MC models. The number of neutrons 
with energies above 100 GeV was divided by the number of photons with ener-
gies above 100 GeV. The rapidity intervals corresponding to the small tower, Large 
tower A, and Large tower B are η > 10.76, 9.22 > η > 8.99, and 8.99 > η > 8.81, 
respectively.

Nn/Nγ Small Large A Large B

Data 3.05 ± 0.19 1.26 ± 0.08 1.10 ± 0.07

DPMJET 3.04 1.05 0.76 0.74
EPOS 1.99 1.80 0.69 0.63
PYTHIA 8.145 1.27 0.82 0.79
QGSJET II-03 2.34 0.65 0.56
SYBILL 2.1 0.88 0.57 0.53

5. Summary and discussion

An initial analysis of neutron spectra at the very forward region 
of the LHC is presented in this paper. The data were acquired in 
May 2010 at the LHC from 

√
s = 7 TeV proton–proton collisions 

with integrated luminosities of 0.68 nb−1 and 0.53 nb−1 for the 
LHCf Arm1 and Arm2 detectors, respectively.

The neutron energy spectra were analyzed in three different 
rapidity regions. The results obtained from the two independent 

LHCf
pT <	0.15	xF GeV/c
√s	=	7000	GeV	@LHC

• PHENIX	explains	the	result	by	1	pion	exchange
• More	complicated	exchanges	at	>TeV?

RHICf takes	data	at	510GeV	p+p in	RUN17



Single-Spin	Asymmetry	at	RHIC
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Single	spin	asymmetry	by	
PHENIX	
(PRD,	88,	032006,	2013)

39position	resolution	by	SMD	
inserted	 in	the	PHENIX	ZDC

ZDC

ZDC+BBCü strong	asymmetry	in	forward	neutrons	was	
discovered	at	RHIC

ü scaled	with	pT at	√s	=	62,	200,	500	GeV?
ü position	resolution	≈1cm	

PHENIX	results	at	200GeV

1cm

ϕ

R

Lp p n



Single	spin	asymmetry	by	RHICf

• Excellent	position	resolution	allows	to	cover	wide	pT in	a	single	√s	condition
• With horizontal	polarization,		covering	pT<1GeV/c	

40

1	GeV/c	
or	moreLHCf Arm1	position	resolution	for	neutrons

(JINST,	9,	P03016,	2014)

RHIC	energy



Very	Future
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LHC	O-O	collisions	(√SNN=7TeV)
• LHC	is	TECHNICALLY	able	to	accelerate	and	collide	Oxygen	beams

• Is	nuclear	effect	in	light	ion	collisions	well	understood?

• In	A-A	collisions,	high	multiplicity	 in	the	very	forward	region	=>	new	detector	is	required.
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MCによる検出器の要求決定
衝突点から見て 90 mm × 90 mmの検出器を仮定

10

5‒10 mmまで接近したガンマ線が識別できれば、 
検出器に入射するガンマ線のおよそ95%を識別可能
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全入射粒子数に対する距離別の粒子数の割合
1回の衝突で検出器に入射する 
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105回の核子あたりの衝突エネルギー√sNN=7TeVの酸素衝突の解析

y

x

粒子間距離[mm]

割
合

原子核衝突でのモデル間の違い
モデルごとの酸素-酸素衝突と陽子-陽子衝突でのガンマ線スペクトル (左) 

とエネルギーごとの粒子生成率の差 (右) 
計算に使用したモデルはQGSJETII-04、EPOS-LHC、SIBYLL2.1
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LHCで測定された陽子衝突に比べ酸素衝突はモデル間の差が大 
QGSJETII-04では陽子衝突のおよそ6‒7倍の粒子生成率 
EPOS-LHC、SIBYLL 2.1ではおよそ4倍前後の粒子生成率

陽子衝突
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Photon	hit	in	9cmx9cm
(neutron	is	not	yet	considered)

Distance	of	closest	photon	pair	[mm]



All	pixelarized “Super	ZDC”
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シャワー発達の様子
500 GeVのガンマ線を入射させたときのシャワー発達
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シャワー発達の様子
500 GeVのガンマ線を入射させたときのシャワー発達
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γ シャワー発達の様子
500 GeVのガンマ線を入射させたときのシャワー発達
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γ

ピクセルサイズの最適化
2つのガンマ線が入射した場合のデータを作成した 
 ピクセルサイズ別に二粒子識別性能・位置分解能を解析
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1TeVのガンマ線2つが入射したときの 
ピクセルサイズ別のシャワー形状の例

ピクセルサイズが大きくなると入射位置の情報がなまる。 
一方でピクセルサイズが小さいほどデータ量の増加や 

回路の複雑化などデメリットが増える。 
測定に十分な性能を達成できる 

最大のピクセルサイズを求めることが重要。 
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検出器の性能 -二粒子識別-
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• どの場合でも一粒子と二粒子の
区別ができている 

• 入射位置が離れる程差が大きく
なり、6mmあたりを境に変化
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Summary
• LHCf/RHICf measure	neutral	particles	at	very	characteristic	phase	space	–
zero	degree	– where	a	large	fraction	of	collision	energy	is	carried

• LHCf tests	interaction	models	at	LHC
• EPOS-LHC	and	QGSJET	II-04	are	two	best	models	 to	describe	𝜋0 production
• All	models	under	produce	neutrons

• √s	scaling
• Marginally	scaling	in	𝜋0 between	2.76	and	7TeV	is	observed
• Indication	of	scaling	violation	in	neutron	between	0.2	and	7TeV	is	observed
• LHCf continues	analysis	of	0.9,	2.76,	7,	and	13	TeV p-p	collision	data
• RHICf will	take	data	at	0.51TeV	in	2017

• RCHIf is	expected	to	test	pT scaling	of	single-spin	asymmetry
• Detector	design	for	future	LHC	O-O	collision	is	on	going
[not	mentioned	today:	we	have	5TeV	p-Pb data	and	will	have	8.2TeV	p-Pb]

44


