. The results and future prospects
of the LHCf experiment
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Alr shower and hadronic interaction

Cosmic-ray

Hadronic interaction
CR-NorO

Leading p, n

Neutral pions

110 — 2y
* Induce
electromagnetic
showers

Leading baryons

* bring the energy
to next collisions

* |[nelasticity:
fraction of energy
used for particle

productions
K =1 - Eleading/Ecr




Alr shower and hadronic interaction

Cosmic-ray

Hadronic interaction
CR-NorO

They must be measured experimentally

LHC forward (LHCf) do them at LHC
eading p, n

Neutral pions

110 — 2y
* Induce
electromagnetic
showers

Leading baryons

* bring the energy
to next collisions

* |[nelasticity:
fraction of energy
used for particle

productions
K =1 - Eleading/Ecr




proton proton

—p G

| ocation

* ATLAS interaction point
e +/- 140m from the IP
» Cover Zero degree of collisions

| HCf detectors pseudo rapidity n > 8.4

« Sampling and positioning calorimeters

« Two towers, 20x20, 40x40mm-? (Arm1) , 25x25, 32x32mm?4(Arm2)

» Tungsten layers, 16 GSO scintillators, 4 position sensitive layers
(Arm1: GSO bar hodoscopes, ArmZ2: Silicon strip detectors)

* Thickness: 44 r.l.and 1.7 A

/
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v,n,m’ detections

Neutrons 170

Photons

Y
Y

« EM showers * Hadronic showers o
» AE/E < 5% e AE/E ~ 40%  "Pairs” of EM showers

» deeper and longer * En=Ey1t+Ey2

than EM showers
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Run

p-p V/s=0.9TeV
(2009/2010)
p-p /s=2.76TeV
(2013)

p-p J/s=7TeV
(2010)

p-p /s=13TeV
(2015)

p-Pb v/snn=5TeV
(2013,2016)

p-Pb /snn=8TeV
(2016)
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LHCf Operations and Analyses

Eiab (eV)

4.3x1014

4.1x1015

2.6x1016

9.0x1016

1.4x1016

3.6x1016

Photon

PLB 715, 298
(2012)

Neutron

LHCf-ATLAS
joint analysis

PRC 86, 065209

032007

PLB 703, 128
(2011)

PLB 780, 233

(2018)

| 4 ////

PLB 750

PRD 86, 092001 | (2016)

JHEP, 2018, 73
(2018)

g

preliminary

y

Photon in diffractive coll.
ATLAS-CONF-2017-075

Preliminary

ONn-going

ICRC 2019 - Madison

with STAR




££9 Neutron measurement at p-p Vs =13 TeV

Motivation
* Inelasticity measurement Kinela

Kinela = 1 - Eleading/Ebeam

 Large discrepancies between data and

model prediction were found

in the measurement at p-p, Vs=7TeV

Data

* 3 hour operation in June 2015
* Low pile-up, u~0.01

Analysis

e Particle Identification

EM shower — develop in shallow layers
Hadronic showers — develop in deep layers

* Energy resolution of 40%
e Contamination of A%, K°

24 Jul- 1 Aug. 2019
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Events
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Neutron measurement at p-p, Vs = 13 TeV

899<n<922| - [881<n<899
I R o — . . """" B . | - LHCf p-p Is = 13 TeV
- : 1— """"""""""" """""""""""" """"" —— QGSJET 11-04

- o I | —— EPOS-LHC
I -

J | — pPmUET 3.06

....................... T PYTHIA 8.212

do /dE [mb/GeV]
I
I

do /dE [mb/GeV]
o
T

— SIBYLL 2.3

o
N
|
i

don/dE [mb/GeV]

o2 M gL —

Ratio
Ratio

Ratio

0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000
Energy [GeV] Energy [GeV] Energy [GeV]

* In n > 10.76, data shows a strong increasing of neutron production in the high energy region.
This behavior is not predicted by all models.
 EPOS-LHC and SIBYLL 2.3 have the best agreement in 8.99 <n <9.22, 8.81 <n < 8.99, respectively.
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Neutron measurement at p-p, Vs = 13 TeV

. [1>1076]  c[8.99<n<9.22 1w [8.81< 1 <899

o123 To\

o T T T T LT T T T [ oo - 13Tev

< 5 5 5 5 - 1— """"""""""" B B | — QGSUJET II-04
) - -

| s s s . . s | = EPOS-LHC
O L L B e i o S

o Pe T 08 e e e ST | —

.g — 1 2 [ rem = DPMJET 3.06
— " PYTHIA 8.212
L_Ié: . Forward neutrons SIBYLL 23

$=200 GeV : PHENIX exponential p_form
< @ RHIC, ISR -
b Vs=200 GeV : PHENIX gaussian P, form M T
© -

/s=30.6 GeV : ISR The peaked spectra ... ....... |

are explained by
a one-pion exchange
model.

- Vs=44.9 GeV : ISR

: ISR

Vs=62.7 GeV :
Detailed comparison

IS nheeded

Ratio

0 1 OOO 2000 3000 4000 5000 6000
Energy [GeV]

\ o< 0.11 Xk 6000

nergy [GeV]

--""r'
HHHH
......

PRD 88 032006 (2013) |

* In N > 1076, data shows a Strong INClrec 0 0|10|20|30|40|50|60|T0|80|91 pr< 0.28 XF

This behavior is not predicted by all moc X @ n>10.76, 13TeV
 EPOS-LHC and SIBYLL 2.3 have the bestagreementin .99 < <9.2Z,5.8T <N <8.9Y, respectively.
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m° measurement at p-p, Vs = 13 TeV

Data *3 + 5 hour operations in June 20135
* Arm1, one detector position Type TypeZ
* Dedicated trigger for Type1 events

- Y
ANalysIs .2 types of events: Type 1, 2

 Event selection by % mass 4y @i
X

reconstructed mass dlstrlbutlon 0 0.5
xB8000 I oo T %) 3 b 1 3
§ [ Type - P Pre//m/nary o | S
= l l . ] . Q.
g 5 HCRAMT S | Geometrical Acceptance :
6000+ ot - Q 107" <
i . PP Vs=13TeV | L oL S
R _ ~ Type1 T e2 : °
4000}~ | | | :
: peak +/- 30 : - :
.1, 1 .|k .
- bkg estimation I - ! 108
20001 by the side-band method - -
N e e LAl T | ﬁ?ﬂ o
0 100 150 2O|?/|W [Me\Z/]SO 7° Energy [GeV] 7° Energy [GeV]
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m measurement at p-p, Vs = 13 TeV

O 20 < X <0.25
2 Prel/m/nary
O, LHCf-Arm1, pp Vs=13TeV
§' == Type 1
cgg # Type 2-TS
w 4= Type 2-TL
DE

/
3
_I_I'I'I'I'I'I'I'I T 11111 T

—
S

0 0.5 1 15 —
p_ [GeV]
O 35 < X < O 40
e 1 ————
> Prellm/nary
O, 10 -l LHCf-Arm1, pp Ys=13TeV
§' . m“"‘... Type 1
- 10 tolq, % Type 2-TS
© bt
S i i Type 2-TL
\DE
T 10
s, K T TP T
107, 0.5 1 15 >
p_[GeV]
1 O 60 < X < O 70
& 107 '
> Prellm/nary
:2 102 LHCf-Arm1, pp Vs=13TeV
] ; %= Type 1
b F gy TETPOSTS
< 104 -!-‘!E' Ty_pe 2-TL
L ; 1
o
-6 T BT T R T T
1070 0.5 1
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3 3 :
1/o, . Ed’o/dp” [GeV 2]

3 3 :
1/o, . Ed’o/dp” [GeV 2]

O 25 < X < 0.30
10
Pre//m/nary
LHCf-Arm1, pp Ys=13TeV
= Type 1
. ) = Type 2-TS
10 T ey, i Type 2-TL
107
— L ] L ] L L L L ] L L L L
10 0.5 1 1.5 >
p_[GeV]
.
O 40 < X < O 50
’
Pre//m/nary
10~ LHCf-Arm1, pp Ys=13TeV
1 0_2 By
'.'.l.'lq..
10°° S
1074 |
-5 L ] ] L ] L L L
107 0.5 1 1.5 2
p_[GeV]
1 O 70 < Xc < O 80
107 -
Pre//m/nary
102k LHCf-Arm1, pp ys=13TeV
. ""“m_w #: Type 1
10 - Type 2-TS
o 4= Type 2-TL
107°
-6 1 s
10 0 0.5 2
P, [GeV]

o 030<X <0.35
CE Erglll\?rﬂarg \s=13TeV Type 1
5 % Type |
e 4 Type 2-TS Y
i 10 b 4 Type 2-TL
g . o i
10 05 i 5
p_[GeV]
o 050<X <060 Type2-TL
> Prellmlnary
O, 10 LHCf-Arm1, pp Vs=13TeV
% ¥ = Type 1
2o 1077 ZE Type 2-
5 e, Type 2L Type2-TS
2 104 "r!-@%
107 s 7 * Smooth connection

080 <X, <0.90 of 3 spectra
g 107 ' .
3 Preliminary * Wide transverse
=102 LHCf-Arm1, pp Ys=13TeV
5 . % Type momentum coverage
2 < Type 2-TS .
8 +mwe2r ] * The gaps will be covered
= by Arm2 and other detector

position data.
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Future prospects

v On going analyses
v’ Operation plan in 202X




On-going analyses

LHCf-ATLAS jOInt anaIySIs 17;'10_5§I I T T | I | T | b I§
8 ATLAS-LHCTf Preliminary -
= - e \s =13 TeV, 0.191 nb” .
*Central (ATLAS) + Forward (LHCY) u1o oL oee 1510.04, A180° )
= Detailed studies of hadronic interaction ~ z ¢ M= €= all events |-
by using central and forward correlation. 75 Forfa., | e BHe -
» Common operations has been performed < - e
In the operation since 2013. :

» Studying the diffractive collisions by requiring 10°kDIff. events | i

no track In ATLAS, ~ —— Data LHCf-Arm1, arXiv:1703.07678

—#— Data N, =0, ATLAS-CONF-2017-075
Syst. + Stat. Unc. LHCf-Arm1
Syst. + Stat. Unc. Nch=0

107°

//////////

\\\\\

//////////

1 0-10 ~— QGSJET-1I-04 =»=x= QGSJET-Il-04 N_ =0

\\\\\

//////////

\\\\\\\\\

10—11_|II|IIII|IIII|IIII|IIII /%
1000 2000 3000 4000 5000 6000

ATLAS-CONF-2017-075 Photon Energy [GeV]
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On-going analyses

LHCf-ATLAS joint analysis | The RHICf data analysis

Central (ATLAS) + Forward (LHCY) *p+p Vs = 510 GeV at RHIC, BNL

= Detailed studies of hadronic interaction (polarized beam) |
by using central and forward correlation. = Test of energy scaling

- Common operations has been performed with the wide prt range.
IN the operation since 2013. (The Xg-pT coverage is almost same as LHCf @ p+p Vs=7TeV)
_ _ _ o . » Operation completed in June 2017.
» Studying the diffractive collisions by requiring » Common operation with STAR

no track in ATLAS,
RHIC 10'4eV

$ x103

LHC 1077eV
: x103

UHECR ~10%%eV

poster by K. Sato
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Two operations in LHC-Run3 (2021-2023)

roton - proton collisions at Vs = 14 TeV (or 13 TeV) 2021

O Increase the statistics of high energy ¥ events and common events with ATLAS

O Operation with 10 times higher luminosity TR Expected errors

0 Measurement of rare particles j of pi0 by x10 stat.
® n (Nn— 2y:BR39.4%) :
o K% (KY%—2m’—4y : BR 30.7%)

QGSJET 11-04
EPOS-LHC
SIBYLL 2.3
PYTHIA 8.212

—
9]
1 I | I DL L I | I DL L I | I L L

—
T T T 1

Ratio (/EPOS LHC)
N

N @) w

|

LHCf-Arm1,Normal Pos.
—+— Stat. Error in 2015 Operat
= Exp. Stat. in LHC-Run3

Exp. Syst. of energy scale

m proton - Oxygen collisions 2023 (?)

O First light A collision in a collider

O Negligible background from UPC collisions (cupc~Z?)
< Huge background at p-Pb (50%,90% for y,n)

Physics cases and related upgrade of the DAQ system are
* summarized in a Tech. Report (CERN-LHCC-2019-008 )

24 Jul- 1 Aug. 2019 ICRC 2019 - Madison 14



Summary

m | HCf provided the experimental results of forward particle production

O We found a peak around 5TeV on neutron energy spectrum,
which is not reproduced by the models

O Preliminary 10 spectrum by LHCf-Arm1 was presented.

B Hadronic interaction is studied in more details

O Detall studies of particle production mechanism by LHCf-ATLAS joint analysis
are performed. For example, study of diffractive collisions.

O Collision energy dependency is studied
by comparing between LHCf and RHICH.

O Operations in 2021-2023 will provide crucial data at high stat. pp,
and proton-Oxygen collisions
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&DIs Diffractive processes

EXPERIMENT

Inelastic processes

/ Diffractive (20%) Non-diffractive \\

/ Single diffractive Double diffractive \ (80%)

/H\ /tacrget\i /C)\i I

Kel=0.55 Ke|=0.99 Ke|=0.54 Ke|=0.45

Ke : Elasticity @ pp,Vs=13TeV 1 ATLAS-CONF-2017-075

S ATLASwHorPreminay PYTHIAB212DL.

Identification of diffractive events by ATLAS| = . o g
vethod | Large rapidity gap =1 o E
» Event selection by Niacks=0 <= An > 5 B e

Niracks: the number of tracks detected
by ATLAS inner trackers (|n|<2.5, pr > 100 MeV)

— Selecting pure samples of proton dissociations.
— Sensitive to only low-mass dissociations
Mx = 50 GeV

28-Feb.-2018 133rd LHCC Meeting

1 0_2 E'i'g_l

—— MC folded (total)
TS MC folded (diff.)
i, —— MC folded (SD)

10—3IIII|IIII|I —li_illlllllI|IIII|IIII|IIII|IIII|IIII
O 5 10 15 20 25 30 35 40 45 50

N

track




@ Measurement of contributions of diffractive processes

INiWy to forward photon spectra in pp collisions at Vs = 13 TeV

EXPERIMENT

Preliminary result of the measurement for forward photons is published
in a conference-note; ATLAS-CONF-2017-075

Inclusive photon spectra Photon spectra w/ Nch = 0 selection

>10.94

1:—_'10_55"' | . I I L O B B I 1—'_'10_5 ....|...n|.....|..|||||||—
> — _ -
o ATLAS-LHCf Prelimingsy™ > : ATLAS-LHCf Preliminary -
= ™ \s =13 TeV, 0.191 - O, - /s =13 TeV, 0.191 nb™ _
-6 _ 0 ] - =
W 107k >10.94, A E w108 8.81<1<8.99, Ap=20° _
] -O ]
E>— 7 ~_ —@— Data LHCf-Arm1, arXiv:1703.07678 E
O ] % = = e —#— Data N_=0, ATLAS-CONF-2017-075
T 4 B - =1 ) \‘\__'--,_1_ L el [ ] Syst +Stat. Unc. LHC-Arm1 ]
Z_1 0] = ] ZE-I 0—7 = ‘\ﬁf:;ﬁ_ L ) B - LE‘ ~] Syst. + Stat. Unc. N_=0 =
A u Z — m upr e L Vgl =
i SIS - g, WML -
- 1 3 ? . il .
8| B ) N e
107°E = 108 “h = -
— Z = "\, P — -
— X , = — LFEFEF =
| . NNy - >
B —¢— Data LHCf-Arm1, arXiv:1703.07678 22722 44444444444444444444444444444 . : EPOS-LHC ;%l‘;\I + :
9 —#— Data N_=0, ATLAS-CONF-2017-075 S T ——
107" ET7 syst. + tat. Un. LHCHAMm 8t 1079 7 QGSJETI04 ey =
- Syst. + Stat. Unc. N_=0 7“0 -~ SIBYLL2.3 @&Qg /////////// -
- o Z ) - e E
i //// EPOS-LHC ~.ot EPOS-LHC Nch=0 {%{ - 77 PYTHIA8212DL -
10-10 | —— QGSUET-II-04 === QGSJET-I-04 N_=0 gg 1010 " BPOS-LHC N, =0
-~ SIBYLL2.3 === SIBYLL2.3 N_ =0 7 = Tt QGSJETH-04 N, =0
L —— PYTHIA8212DL ==~ PYTHIA8212DL N_=0 7 XXX SIBYLL2.3 N,=0
- ~ NN PYTHIA8212DL N_ =0
7
10_11 ce Lo o Lo o b e Ly o B - 10—11 o b b b U s
1000 2000 3000 4000 5000 6000 1000 2000 3000 4000 5000 6000

Photon Energy [GeV] Photon Energy [GeV]
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@ Measurement of contributions of diffractive processes

INiWy to forward photon spectra in pp collisions at Vs = 13 TeV

EXPERIMENT

Ratio (Nch=o/Inclusive) ATLAS-CONF-2017-075

|—|>_ 1 | | | | | | | | | | | | | | | | | n > 10-94 | | |—|>_ 1 | | | | | | | | | | | | | | 8.81 < n < 8.99 ]
% . ATLAS-LHCf Preliminary ] I_-Ié . ATLAS-LHCf Preliminary ]
=~ | \s=13TeV,0.191 nb" ] 2= [ \s=13TeV, 0191 nb” _
S 0.8 11094, 4¢=160° ] Bos) sst<is s a2 .
~  © _e DataLHCf-Ami b = g DatalHGHAM -
o — [ Syst. + Stat. Unc. SR §®§§§§§§ . o - EEE Syst. + Stat. Unc. .
M ol S S, 1 Tep el  SaHe,, -
< 0.6/~ ﬁ gIBYLLZ.S 1 £ 0.6/~ ﬁ SIBYLL2.3 -
- ——— PYTHIA8212DL .. 1w | —— PYTHIA8212DL i )
: . 1 g |
= : o 5 04 -
W N\ N\ \i : 1 :
; i . . \\ ¥ ‘A m&;’fwﬁﬁ:‘ pgns RS da _
. = | . _
| | | | | | — 7 T ’\ |
0 1000 2000 3000 4000 5000 60( 0 1000 2000 3000 4000 5000 6000
Photon Energy [GeV] Photon Energy [GeV]
« At n>10.94, the ratio of data increased from 0.15 to 0.4.
with increasing of the photon energy up to 4TeV.
. predicts higher fraction at higher energies.
- SIBYLL2.3 show small fraction compare with data at n>10.94.
- At 8.81 <n < 8.99, the ratio of data keep almost constant as 0.17.
» EPOS-LHC and show good agreement with data at 8.81 <n < 8.99.

28-Feb.-2018 133rd LHCC Meeting



RHICT experiment

RHIC at BNL
p+p Vs = 510 GeV

(polarized beam) &
* Operation in June 2017. » |

- Test of energy scaling with the wide pr range. %7/ ST ()
(The Xg-pT coverage is almost same as LHCf @ p+p Vs=7TeV) TENS 2 VTN <l
+ C tion with STAR B e
ommon operation wi R RHIE tuAng

e

Raw 1° spectrum |
S RHict Preliminary I
S
' imi & gﬂ}'g&;‘” ' 56312083
— - un - | 4
Sp  Published preliminary results of 0.8~ AHICH Fun 110

P Spin asymmetry (An) for m© o

Type-I and Type-Il n°
0.6 candidates

“ N/\ — ]\fv - I103
p T _I_ 2\ 0.4_ _5102
Analysis for T production cross-section 0.2 10
measurement is on-going.
00 1



Summary

®m Final/Preliminary results were shown.
O Forward neutron cross-sections at p-p, Vs = 13 TeV
0 Forward photon energy spectra at p-Pb, Vs = 13 TeV
® On-going analyses

O Diffractive contribution on forward photon production at p-p,
Vs = 13 TeV from ATLAS-LHCf joint analysis.

O Measurement of 0 at p-p,Vs = 0.5TeV with RHICf

m Future plan

O Operation with p-O collisions at LHC
p-p p-O

deal condition
for Cosmic-rays
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Photon Energy Spectra

10‘5...,...n>10.94 T

8.81<n<8.99 ___

107

Crior 1s=T1or1eV photon E CTTCT TS= TS TEV Prioon E
i n> 10.94, Ap=180° - - 8.81<1<8.99, Ap=20° -
oL f Ldt=0.191nb" _ - f Ldt=0.191nb" _
% 107 T 4 3 07 S
o E e = S F E
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S B 1 = - _ -
Z Z
C 10 C 0 E . =
Z - e Data T Z : o -
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10° == EPOS-LHC e ! 10° R =
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10 —--- PYTHIA 8.212 . 10"k P
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Photon Energy Flow

X
Q
S

F(Ej) : Measured differential cross-section 150

An : The pseudo-rapidity range

Cinr . Correction factor for the threshold 100
200 GeV— 0 GeV.

;‘ _|IIII|IIII|IIII|IIII|IIII|IIIIl|IIII|IIII
8 ~ Photons —e— LHCf Arm1
=390 p-p \s=13Tev —— QGSJETII-04
. . - =
Energy Flow Calculation. S r  EPOS-LHC
W 300} i
B —— SYBILL 2.3
dFE 1 - ’
_ E : 250
— Cthr EJF(EJ) E
dn An :
E;>200GeV 200}~

50

Ref: Y. Makino CERN-THESIS-2017-049 O|....l....|....|....|....|...§|....|....

EPOS-LHC, SIBYLL2.3 Good agreement
QGSJET 11-04 ~ 30% lower than data
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Joint Analysis with ATLAS

- Selection of Diffractive interactions -

Non-diffraction

Diffraction
- quF}anldlty gap

107 L
TG e 1aTay photon & y EPOS-LHC — jQGSJET I1-04}-
n>10.94, Ap=180° _ -cE; 1094  — Tota 1 F 1084 —Tota :
) - n> ota n> ota
10—6 — det=0'1 91nb 1 2 10 —— Non-diffraction _ —— Non-diffraction
= % [ piffraction 1 B 2] Diffraction
— B 107 =
> 107 TmEge N, 4 F . Hl, 1
O, = - T
= - ook T, .
©
= _ o
-OGCJ 10_8 = 107° T R . e il 3
—- E , " "§ Oy = : R e = R MR L L
£ mmom ¢ .[SIBYLL2.3F (PYTHIAF—— :
L = — / ] p-p,Vs=13TeV 3
10°E == EPOS-LHC Il'Q g S 1>10.94 = Total 1 [ n>10.94 ~ —f Tomal :
- —— DPMJET 3.06 I-| -~ Z'GE) 10°° — Non-diffraction o [E — Non-diffraction _
| --- SIBYLL23 i = F oifectn 1 F TETCE pifraction
10 = - PYTHIA 8.212 - 107 i
— | | I | | | | I | | | | I | | | | I | | | | I | | | | — 3
v 1000 2000 3000 4000 5000 6000 0 ’
Energy [GeV] ° E
10°F N Hy
POSte r by Q . Zh O U , C RD 1 3 1 0 1000 2000 3000 4000 5000E [6(;(;({/ | 0 1000 2000 3000 4000 5000E [6(22({/ |
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m pr spectra at p+p,7TeV

O. ADRIANI er al. PHYSICAL REVIEW D 94, 032007 (2016)

100l (@88<y<9.0 ||  (m90<y<92 ||  (092<y<9a4 (d)9.4<y<96
107 | | |
102 |
10
10| -

.

105 [LHCf Vs =7Tev - =il |
jLdt=2.64 +2.8500™ 5t |] |

1/6, ,Ed® o/dp® [GeV?]

10° () 9.6 <y <9.8

i

1/c, ,Ed® o/dp® [GeV?] 1/o,Ed® o/dp® [GeV?]
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m pz (~E) spectra at p+p,7TeV

PRD 94 (2016) 032007
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Photon, p-Pb Vsxv=8TeV

Motivation p-p p-N,O
 Measurement of the nuclear effect ¥

CR interaction (p-N,O) # p-p —~ O
. 0 : ldeal condition
» Large suppression of forward st° production for Cosmic-rays

was measured at p-Pb, Vsnn=5TeV P 0—

D ata (UItra-Perilpth:glscollisions) P b
2 hour operation in November 2016

* Low pile-up, uy~0.01 R UPC

P P ¥ RV S S N —— DPMJET 3.0-6

- 9 —— EPOS-LHC
Anal YSIS 810 —— QGSJET II-04
Lu10—3 ................. T S U U OO SRS
e Jse the We”_deve|0ped method %10_4 e
for photon analysis at p-p,13TeV LoD - ___________________________________________ ___________________________________________________________________________________
» Contribution of UPC collisions *"F Photon cross-section =
20 _ 50 % Of tota| photOn events 10 ?I“CD,|UPCIC0"|IS|OnIS ....................

Estimated by the STARLIGHT simulator o4 2 3 4 5 6 7

Photon Energy [TeV]

28-Feb.-2018 133rd LHCC Meeting



Photon, p-Pb Vsxv=8TeV
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