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Ulkra High Energy Cosmic Rays

:  } Studying the properties of primary High Energy
Cosmic Qo\t}s based on observation of EAS

Ugh, is What are cosmic
that true?! rays all about?

Fluorescence detectors
F/Uo (UV light from excited N»)
re

I can see
clearly

PARTICLE

I/h S
DETECTOR aé"l/;g Fluorescence
N Detector

MC Simulakion to describe hadronic
tnberacktion wikh a&mosphere

EV\E‘.T‘S:}, YWasSs ﬁOMFOSL&LOV\, direction Sface deects (char\dhoton)
~» source of primary cosmic rays
—» origin of the universe (final qoal)
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HECR Physics ab LHC: LHCE Physics

Model-originated uncertainties or evei discrepancies

i E.'Merg:j pop + PP
o ES‘E E:!...,‘b Wy B Sccondiry (@ Inelastic cross section

- missing enerqgy (ov)

A =D

\ @ Forward energy spectrum

®Extrapolation to -";’f / ‘
. ; Y 7 If softer
% OLSS high energy precise , 7 Lol LN
M X T measurements in_Iciwer sl 1A . hZ?;IaI?W development
e ’ energies are crucia sy | A} |
MO\SS VS« XMO\X LV\ P.‘D' e A deep penetrating
A 1T @ Inelasticity k
‘I_ o s If large k
s MQSS VS, Q/H or U e s 5  diag e rapid development
Y If small k
exeess EaM S.D A i deep penetrating

U LHCS —use LHC

6.8 TeV+6.8 TeV = Elap=9*10% eV
3.8 TeV+3.5 TeV = Elb=2.6%10% eV
480 Cre+4-80 (veV = Elp=2x10% eV

ko ﬂatnbraﬁe MCs

In acicic&mh* F*‘Pb t:oi.i.c,smm ak §.02 “T‘e\f to s&udfj nwctear eﬁec&
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We are profiting of the broad coverage
but wore than 50% c:wf the shower from n>¥ Depth [g/lcm?]
Dedicated fwd experiments crucial!
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The LHC-forward experiment

D Two independent electromagnetic

calorimeters equippaci wikh posi&iov\
sensitive layers, on both sides of 171
o T

'@:{«'»‘3 e |5
%" CMS/TOTEM™L

7 Tey + 7 TeV proton collisions at LHC
correspond to £ ,, = 10Y7 eV

@ Measure energy and postition
for |nl>¥ of v from ° decays
and neutrons Produ,aed n pp
thkeraction abk LHC

@ Inkternational Collaborakion
mainly Japan-Italy (about 30

members)
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A brief LHCS Fka&amkisﬁorj

May 2004 L.OI

Feb 2006 TDR

June 2006 LHCC
approved

Dec- Jul 2010
0.9TeV& ITeV pp
Detector removal

Jul 2006
constructlon

Dec 2012- Feb 2013

Jan 2008
Installation
P Sept
= 1st LHC beam

/ ‘

5TeV/n pPb, 2.76TeVpp May-]une 2015

(Arm2 only)
Detector removal

13 TeV dedicated pp
Detector removal




LHCf Vs=5.02TeV x° LHCf {s=5.02TeV a° LHCf Ys=5 \
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LHCS Data Taking and
Av\atvsi;s nakbrix

Peotomn £ Photown Neutron e
; (EM shower) (hadron (EM shower)
Test beam akb NIM. A &71, JINST 9 g
SPS 129-136  (2014)Po3016
p-p ak S Phys. Lebt. B ;

900Crey Ay 718, 29%-303
?hvs. Lett, B
p-p at 7TeV 2.6x10 703, 12%-134

(o11)

p-p at 2.76TeV 4-.1%x10
p—?b ok 5.02TeV 1.3x10

p-p ab 13TeV 9,0x10
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LHCY @ pp 7TeV:
Sthgle Pko&ov\ spe&%r& MC vs Daka

Events/N_ /GeV
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LHCE @ pp 7 TeV: neutron analysis

Proton Sim
Iron Sim

o Inelasticity measurement k=1-picading/Pheam

o Muown excess at Pierre Auger Observatory
- cosmic rays experiment measure PCR

energy from muon number at ground =R

beenn observed

Inclined showers (muon dominated)

—Njg = A(E/10Y%eV)B
-==Fe
==-p

o events

ng / Nmuons

and florescence Light 00 iz
37 20“100% MOTE UONS &h&!’/\ QXPQC&Qd hO\VQ [ J.Allen, et al. ICRC2011 Proceedings]
.E o3 EPOS 1.99
B .| — sByL2i
= =— QGSJETII
o Number of muons S o o
‘ °
ciepemds on khe enerqgy §
fraction of produced 2
Eo
hadron s |
o Muoh excess in data | SN
even for Fe primary MC

N, data
g — ~ 1.2

% NuMc [gpos Fe

N, u,data

= 2.131+0.04(stat)%:0.

Nu,MC QGS,p
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muon due to larger o
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1000 2000 3000 4000 5000 60
Energy[GeV]

Zero deqree heulrdl measurements with LHCE ot LHC g
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LHCE Arml and Arm2 agree with each other within systematic error, in
which the enerqgy scale u&mar&aim&v dominates.

In 121076 huge amount of neubron exists. Only QGSIETR reproduces the
LHCS resulk,

In other rapidity regions, the LHCS results are enclosed by the variation
of models.
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LHCS @ pp 2.76 TeV: @ a spe«c%ra

(a) 8.8<y<9.0 (b) 9.0<y<9.2 (c)9.2<y<94 (d)9.4<y<9.6
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LHCE @ pPb .02 TeV: 1 py

(b) -9.0 > Yoo = -9.2 (c) -9.2 > Y = -9.4

LHCf \ 5, =5.02TeV 't-.L:'IL

Ldt=0.63nb" o_
1 1 1 1 | 1 1 1 1 QJ__

(e) -9.6 > Yoo = -9.8

'—I||||| L|

(j) -10.6 > Yoo = -10.8

- QGSIETII-04 and EPOS-LHC:
similar, good agremeent
LHCH (stat.+syst.) for pT>0.4 GeV
UPC + DPMUET 3.06- DPMIET: qood agreement for
UPC + QGSJET II-04 -¥.¥ > jLC\b > -10,0 and pT <
0.3 Grey
- Characteristic bump ot y >
-2.6 and pr ~ 0.2GeV: Ultra

‘Peri,'aherat Collisions

- UPC + EPOS LHC

UPC
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T average pr for different em energies

pr spectra vs best-fit function

(a) p+p at Vs=7TeV
92<y<94

-

—&— |LHCf data
Gaussian

- - - - Thermodynamics

<pr> is inferred in 3 ways:

1. Thermodynamical approach

2. CGraussian distribution fit

3. Numerical integration up to the
histogram upper bound

Average pr Vs Yiab

400 —e— LHCf (\s=7TeV)
—e— LHCf (\s=2.76TeV)
—+— LHCf (| s5,\=5.02TeV)

(\s=630GeV)

> 2 50 Y =6.5 for SPS
(¢b) Beam
Yieam=8.92 for7 TeV LHC

DPMJET 3.0.6 (p+Pb)
——— QGSJET II-04 (p+p)
QGSJET 1I-04 (p+Pb)

-2 -15 -1 -05 0 05 1
y -y

beam

From scaling considerations (prajec&i,te
fragmentation region) we can expect that
<pr> Vs rapidi&v Lloss should be imdeyendem&
from the cm. eherqgy

Reasonable scaling can be inferred from
the data
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Limiting fragmentation in
forward n° production

DPMJET 3.0.6 (Vs=7TeV)
——— QGSJET 1I-04 (Is=7TeV)

rapiciifzj distribution of the ' © yield -
secondary particles in the J
forward rapidity region ‘
(tarqget’s fragment) should be S 10 & e LMot (fs=7Tev)
independent of the center- : o LHOf (1s=2.76TeV)

—=— UA7 (Vs=630GeV)

Submitted to PRD

of-mass energy.

This thOEkQSES for ° is brue
ot the level of 215%
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_ G ] ® O
Feynmoan scaling in forward =
production

cross seckions of - 0.0<p, [GeV]<04

| ; n0 yield
SQ&OMC&O\\”? FQT&&&L@.S as a Submitted to PRD
function of xg = sz_/ Vs are
independent from the
uncident enerqy in the
forward region (xe »0.2).

This hypothesis for m° is
true ob the level of *20%
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Common trigger with ATLAS i
Fw‘?b Oper&&om
W

Armi#1 h ¢

.

sl )
o O W‘”“ f\ 7

5 B

A
ZOmmN - N )
ATLAS LHCf NOTE

August 26, 2015

Classification of Events in the Combined ATLAS-LHCf Data Recorded
During the p+Pb Collisions at +/s_; = 5.02 TeV

M er g | n g ) \ ) The ATLAS and the LHCf Collaborations

v

LHCf Experiment

RUN Number : 27357 Event Number : 18969
Date : 2013-02-01 04:15:47 UTC

rged D3PD (?)/'

Arm2

CATLAS
_.fiEXPERIMENlI

Run Number: 218589, Eve

Tower Large (TL)

Number: 115574439

Date: 2013-02

01 04:15:47 UTC

Tower Small (TS)
© Photon like
248 GeV
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ATLAS braclkes
- P 100 MeV

— vertex matching

- [Y]l < 2«5«

Significant UPC contribution
in the very forward region

W Lﬂd Nse“:izo
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Fw‘?b collisions
tlas tagqing ol tracks

ATLAS-LHCf Preliminary:
p+Pb, \s,, =5.02 TeV.
LHCf-TS, Photon like

P —— w/0 selection
@

7 +nsel=0

: A
- s - = Nel = 0
A
& '

1000 2000 3000
Energy [GeV]

p+Pb, m =5.02 TeV
LHCF-TS, Hadron like
’ —— w/0 selection
¥ N, =0
& —4— nseI >0

+f=t-

kt

10000
Energy [GeV]

Events / 500 GeV

ATLAS-LHCf Preliminary’
p+Pb, \s,, = 5.02 TeV.
LHCf-TL, Photon like

—— w/0 selection
- Neel = 0

1000 2000 3000
Energy [GeV]
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10000
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LHC 13 TeV Run

o During Week 24, June 9-13, LHC dedicated Low-lumi run
o Tokal 266 hrs with L=0,871.6.102° em2s7! (16 nb1)

® V39 M showers, 0.8 M 1° obtained

@ Trigger exchange with ATLAS

o Detector removal on June 18 during TS1

@ Run was very successful!!!!

— Arm2 Shower

LHCf —— Arm1 Shower

p-p Vs=13TeV — . Arm2 Typel n° Candidates(x 20)
— - Arm1 Typel =n° Candidates(x 20)

Number of Triggers [M]

10/06-09:00 11/06-09:00 12/06-09:00 13/06-09:00
TIME(CEST)
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Al mer@.ssava high energy

LHCf Arm2 Detector
n° Candidate Event

LHC p-p, \'s = 13 TeV Collisions E o

e N

N

14 16
Layer

—Layer1 ]
— Layer 2 _|
—Layer 3 A
—Layer 4 7
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First look at 13 TeV data

2,

2

n
+—
c
QO
>
L
[ve—
)
-
QO
QO
£
-
pd

LHCf photon pair invariant mass (preliminary)
LHCf Arm2 detector
LHC 13TeV p-p collisions (fill 3855)
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Analusis workf
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The impact of LHC measurements
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‘thsics Motivakions
The Link bebween HECR
‘Phjsws and LHC

The LHC detectors

“Il vino buowno skta wnella
botte Fai,«ccoi,a" or “good
&W«MSS comes it small Lettor o intonts Provi momsoremonts of vory forwmrd. |
Po\twagges" |

eas ments
particle production at RHIC

Y .Itow, H.Menjo, G.Mitsuka, T.Sako

.
j s Lﬁ S ﬁ S M S . Solar-Terrestrial Environment Laboratoy / Kobayashi-Maskawa Institute for the Origin
1 of P: es

the Universe / Gradua‘te School of Science, Nagoya University, Japan

Waseda University, Japan

-~ what we have done so far

0.Adriani, A.Tricomi
INFN, Italy

Y.Goto
Riken BNL, Japan

K.Tanida

Seoul National University

arXiv:1401.100
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Whats next? Let’s start from Fw?b

@ LHCf is certainly very interested in a possible high energy p-tb
run (2016-20172)

o ‘ijsms simulations are ohgoing
o We piam to presem& soon a Lol
o Nuclear Modification factor can be measured ok the

highest ewnergies

o Installation issues should be very aar@fuu.j ivestigated
- TAN activation ab the end of the long high Luminosity pp run
+ Remote handling system works very eﬂ:ici@m&tv
+ Past experience from the 2012 re-installation helped us and
the R? team to bebter understand the modeling of the
radicactive activation



2§ ko RHIC

Letter of intent; Precise measurements of very forward
particle production at RHIC

Y Itow, H.Menjo, G.Mitsuka, T.Sako

Solar-Terrestrial Environment Laboratoy / Kobayashi-Maskawa Institute for the Origin
of Particles and the Universe / Graduate School of Science, Nagoya University, Japan

K.Kasahara, T.Suzuki, S.Torii
? Waseda University, Japan
Why RHIC: o
0O.Adriani, A.Tricomi
INFN, Italy

Y.Goto

RHIC

Riken BNL, Japan

K.Tanida N
g 25 o arXiv:1401.10C
S, 20— Seoul National University
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The Far Future abt LHC

¢ The most promising fubure ok LHC for LHCS tnvolve the proton-

Light ton collisions

¢ To qo from p-p to p-Air is not so simple....

e Comparison of P-ps Pb-Pb and Fw?b is useful, but model
dependent extrapolations are anyway hecessary

o Direct measurements of p-0 or p-N could significantly reduce

some systematic effects

— p + p — chrg Inelastic

(1/N) dN / dn

— EPOS LHC
--  QGSIJETII-04

S = N W A NN

10
pseudorapidity m

O + p — chrg Inelastic

(1/N) dN / dn
SR

[y
o

10
pseudorapidity 1



Sum ATy

o Very forward y, h and 10 production in p-p and p-Pb collision have been precisely
measured bj LHCf ot £, € 7 TeV

o LHCE zero degree resullts are significantly contributing to improve our knowledge
of hadronic interaction model fro HECR Physics

o New results with hadrons are particularly interesting to understand the muon excess
o p-Pb results give important hints to understand nuclear medium effect
o Very successful 13 TeV pp run has been done in June 2018
o Analysis is on going
o For the future at LHC we are certainly interested in:
o Higher energy p-Pb collisions in 2016-2017
o p-Light ions ab LHC in the far future
o We are also approved to take data at RHIC in 2017

o Still a Lot of results will come in the next years so... stay tuned!






LHCE @ pp 7 TeV: neutron analysis

JINST 9 (2014 )FP03016

example at layer8th

+ LHCf dats
- QGSJET?2

~ Experiment @ Neutbrown energy is reconstructed
— MC DPM3 by a sum of energy deposits.

— MC QGS2 ® Detector simulation based on
QGSIETR for hadronic shower
reproduces the test beam data
better thawn that on DPMIET 3.

@ Difference between QGSIET2 and
the test beam datba is taken inko
I T s D | account as a SjsEemaEi,t error

[MIP] sumdE [MIPs] the lLatter anabjsis.

® With two variables, L9o%
and L20%, PID performancy
is improved to reduce the |

neutron Arm1; 1500 GeV <E

° Data

oe - . A
. D Fit method A . L o l
s -: == :] MC neutron X FkO&OM COM&QM LMQ&LOM LM |

neubtron eventks,
@ 7TID @f&f&t‘:iehcv and purity |
are >90%.
@Eherg-j spea&ra are
corrected for PID |
i 15 20 2 30 3 o inefficiency and BG |

L,, parameter

| Lap = L90%-0.25%L20%

conbtamination, y,

T — ———————— -
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do/dE/dQ [mb/GeV/sr]

Alessia Tricomi

LHCf @ pp 900 GeV:
Sthgle [akc;:-%c)m spec:&r& MC vs

LHCf ys=900GeV Photon like
n > 10.15 (<6> = 39 prad)

¢ Data 2010, J‘Ldt=().30~l-0.29nb'1
E] Data 2010, Stat. + Syst. error
- DPMJET 3.04
- QGSJET 1103
~o- SIBYLL 2.1
—o- EPOS 1.99
PYTHIA 8.145

100 150 200 250 300 350 400 450
Energy[GeV]

LHCf {s=900GeV, Photon like
n> 10.15 (<6> = 39 prad)
[ S————————

@ Data 2010, Im:o.som.zenb "

Data 2010, Stat. + Syst. error
—o— DPMJET 3.04
—o— QGSJET 1I-03
—o— SIBYLL 2.1
—o— EPOS 1.99
PYTHIA 8.145

100 150 200 250 300 350 _400 450
Energy[GeV]

do/dE/dQ [mb/GeV/sr]

LHCf Ys=900GeV Photon like
8.77 <1 < 9.46 (<6> = 234 prad)

¢ Data 2010, J‘Ldt=0.30‘l-0.29nb'1
Data 2010, Stat. + Syst. error
- DPMJET 3.04
-~ QGSJET 11-03
—o- SIBYLL 2.1
—o- EPOS 1.99
PYTHIA 8.145

100 150 200 250 300 350 400 450

LHCf ys=900GeV, Photon like
8.77 <1 < 9.46 (<0> = 234 prad)

@ Data 2010, J-Ldt=0.30+0‘29nb "

[:, Data 2010, Stat. + Syst. error
—o— DPMJET 3.04
—o— QGSJET 1I-03
—o— SIBYLL 2.1
—o— EPOS 1.99
PYTHIA 8.145
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Energy[GeV]
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LHCE @ pPb 5.02 TeV: m analysis

Sott) QCD :
C “f ) & £ : i Ulkra Feripherai. collisions
central an FQT‘LFL\QT‘O\L collistons virtual photons from rel. Pb collides a proton

Cenkral collisions ?erit;eherat collistions

O =

—

»  Impact
parameter : b

Momentum distribution of the UPC induced secomdarfj par&ictes is estimated as :I proton
1. energy distribution of virtual photons is estimated by the Weizsacker Williams rest frame

approximation.
2. photon-proton collisions are simulated bv Ehe SOHIA model (E, > pion Ehreshold).
3. produced mesons and baryons by y-p collisions are boosted along the proton beam.

Dominant channel to forward «° is |

Ed®o/dp® [mb/GeV?]

About half of the observed #° may
originate in UPC, another half is

s 2 1 =
‘FT’OM SO%& QL-.D. 0 01 02 03 0.4 o.?DT%gV/S]J O
. -~ -~ P; [GeV/c]
Zero deqgree neubral measurements with LHCY at LHC -
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Playing a game with air shower -
effect of forward meson spectra

DPMIET 3 always over-predicts production
LHCf {§=7TeVn° -
89<y<9.0 Filkering DPMIET 3 mesons
[ Lat-2 52.1.90m0" according to an empirical probability function, divide mesons into
; two with keeping pr
Fraction of mesons escape out of LHCE acceptance

— DPMJET 3.04 SR This process

— — QGSJET II-03 v d hy

o3 Holds cross section

—-- EPOS 1.99 Holds etas&iaiﬁj/inetasﬁitiEv

—-- PYTHIA8.145 5
Holds energy cownservation

Changes mu&éyti&:i&v

N.H
>
o
S,
a
=)
©
b
z
IS
S
—

Does not conserve charge event-by-event

o
Ehel 3




LHCA @ pp 7 TeV & pm?b 5 TeV:
we &Maljsi;s

Mass, energy and transverse momentum are recomnstructed
from the energies and impact positions of photon pairs

measured bj each calorimeter

10 12 14
Layer

Lateral development

— 1st Layer
—2nd Layer

500 Silicon X | — 3rd Layer

ADC counts

—4th Layer

—1st Layer

—2nd Layer
—3rd Layer
—4th Layer

ADC counts

350
Strio Number

1

AV\QL‘;’SE«S ?T‘Otedure Acceptance for T° at LHCf-Arm1
Standard photon reconstruction '
LHCf-Arm 1§=7TeV,J‘Ldt=2.53nb‘1 Event selection
e - ohe photon in each calorimeter

- reconstructed invariank wmass
Backqground subtraction

by using outer region of mass peak
Unfolding for detector response.
Acceptance correction,

Events/ (1 MeV)

100 120 140 160
Reconstructed m,, [MeV]
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LHC 7 TeV: 1 p, spectra

‘:: LHCf Vs=7TeV =° ) LHCf Vs=7TeV =° ) LHCf Ys=7TeV =°
Zfi 3 89<y<9.0 4 9.0<y<9.2 92<y<94

o - f Ldt=2.53+1.90nb” e _ f Ldt=2.53+1.90nb™ 3 f Ldt=2.53+1.90nb”

overall agreement with LHC % 3 Ras

d&&& ‘FOT’ 9.2(:’(9.6 Odf\d PT ‘5_52 8= Data 2010 - . L . —— g

> —— DPMJET 3. L — - e T b 5 iR ekias |
<028 GE\I/C - —QGSJET?I-((;: k S [N 2 .
A Sk - - - SIBYLL 2.1 -
the axped:ed (B prodw:f:wn - EPOS 198

—-- PYTHIA8.145

rakes by bobth models exceed
the LHCf data as pr becomes

large

Prediz‘:&s harder Piov\ specf:ra

than daka
the expec&eci w°
geharaitv small

predicts 1 spectra softer

Ehan LHCE data

jieLd Ls

shows the best overall
agreement with the LHC

daka:

behaves softer in the Low pr

region, pr < 0. 4CreV/e n

9.0«:349.4— and a <0 . 3CGreV/c

LA 9.4—<3<‘>.6

behaves harder in the large

PT regtov\.

Alessia Tricomi

EdPo/dp® [GeV2c?]

inel

1/o.

- f Ldt=2.53+1.90nb™

P, [GeV/c]

LHCf Vs=7TeV n°
9.4<y<9.6

f Ldt=2.53+1.90nb™

1/0,,, Edoldp® [GeV2c?]

P, [GeV/c]

—— DPMJET 3.04
LHCf Ys=7TeV n°

— - QGSJET I-03
89<y<9.0 -~ SIBYLL2.1

— - EPOS 1.99
— - PYTHIA8.145

LHCf Ys=7TeV n°
9.4<y<96

0.5

0.6
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LHCf Vs=7TeV n°
9.6<y<10.0

f Ldt=2.53+1.90nb™

0.6
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LHCf Vs=7TeV n°
9.0<y<9.2

f Ldt=2.53+1.90nb"
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I
. _.LHCf Ys=7TeV =®
9.6<y<10.0

f Ldt=2.53+1.90nb™
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LHCf Vs=7TeV n°
100<y<11.0

f Ldt=2.53+1.90nb”
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0.6
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LHCf Ys=7TeV x°
100<y<11.0

f Ldt=2.53+1.90nb™
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LHCE @ pPb 5.02 TeV: m analysis

(Soft) QCD :

L ipheral collisi :
central and peripheral collisions Ultra ‘pexipheral collisions

virtual photons from rel. Pb collides a proton

Cenkral collisions ?eripkerat collisions
o —

O =

+  impact
Pb param%ter b

DHGEVS 0'5GE ILELELELN

; ———
0.5GeV<E, <1.0GeV . UPCs(py*)
1.0GeV<E ,<3.0GeV

3GeV<E < 10GeV
Crtay (] 3%eV<E <1000 BorvueTs
o sty S 10GeV<E .<100GeV -
“ . e SR gl e [ 100GeV<E,<1000000Ge LOMPO\T‘LSOV\
SRRt e e TV R S Rk e

: = B Tl L wikh sof?:-QC‘D
About half of the observed #° may

originate in UPC, another half is
ffrom saﬂfE“QCE
Need to subltract UPC a‘::om?onem& 01702 03 04 05 06 07 0102 03 04 05 06 07
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LHCE @ pPb s.02 TeV:
e spectra @ p-remnant side

REE e L
LHCf y5=5.02TeV n°
-92>y‘>-9.4

""l""l""l""
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LHCt @ pPb 5.02 TeV:
pechy p-reminant side

LHCf Vs=5.02TeV a° -
89>y >-9.0 ]

LHCf Vs=5.02TeV n°
90>y >-9.2 ]

pp x5 -

—
rTrre
—
TTTIIIm
—
TTTIIIm

LHCf ¥s=5.02TeV n° ;
9.2 > Yo > 9.4

LHCf p-p at 5.02TeV (x5)
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- = = EPOS 1.99

—_
o
&

[ — — EPOS 1.99

LHCf ¥s=5.02TeV n° LHCf Vs=5.02TeV n° 3

LHCf ¥s=5.02TeV a°
94>y >-9.6 ] 96>y >-10.0 ]
lab . lab
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>
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LHCS Data (UPC subtracted) vs Models
The LHCS resulks in p-Pb (filled circles) show good agreement with DPMIET and EPOS.
The LHCE results in p-Pb are clearly harder than the LHCE results in p-p at 5.02TeV
(shaded area) which are interpolated from the resulks at 2.76TeV and 7TeV.
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Impact of LHCE measurement

9.2<y<94 Large Tower
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Analysis workflow:
determination of the beam center

LHCf Arm1 Photon-like (>200GeV)
p-p Vs=13TeV, Fill#3588 :

LHCf

p-p, \'s =13 Te
Arm2
Hadron-like
(>1 TeV)

-30 -20 -10
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° MMass s&abitiﬁj

I I 1 1 1 I 1 1 I 1 I 1

~ LHCf ¢ Arm1(+0.05

1|1|1|1_

Ratio (M ,/<M_:>)
o

. L | | |

10/06-00:00 11/06-00:00 12/06-00:00 13/06-00:00
Time(CEST)
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Analysis workflow:

selections and reconskruckions

Trigger efficiency:

LHCf Fully efficient for £r100 GeV
p-p Vs=13TeV

Arm2-Small Tower

Photon

Efficiency

LHCf Arm1 Large tower
SPS 2015, 200GeV electron

LHCf preliminary
p-p Vs=13TeV, Arm1 TS, 200GeV<E, |

<500GeV
on

t

7500

PID based on longitudinal Prc:»&te. distribution (Looy)
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LHCE @ pPb 5.02 TeV:

Nuclear moditication factor
g0.8:IIIIIIIIIIIIIIIIIIIIIIIIIIIII: 6.;0.8: I I I I : 6.;0.8:IIIIIIIIIIIIIIIIIIIIIIIIIIIII:
- 1o F 1o F

0.7F LHCf Vs=5.02TeV =° 3 0.7F LHCf Ys=5.02TeV =° 3 0.7F LHCf Ys=5.02TeV =°
0.6: -8.9> Yoo > -9.0 0.6: -9.0> Yo > -9.2 . 0.6: 92> Yo > -9.4

E —e— LHCf ] E ] E
0.5F . 0.51 . 0.5F
[ —— DPMJET 3.04 ] : ] :
0.4f . 0.4F . 0.4F
[ — - EPOS1.99 ] N n
0.3F . 0.3F

T
o

o

- LHCf {s=5.02TeV ° . 7F LHCf {s=5.02TeV 0 . 7F +5.02TeV n°
: 94>y >-96 ] : -9.6>y_ >-10.0 ] E - -10. > 110

——

u Both LHCE and MCs show strong suppression
n But LHCf grows as increasing pr, understood
Neon)d2NPY /dydpr RS RLG so?&e’r pr spectra in p-p ot STeV than
those i F*‘Pb.
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Nuclear modification factor

RHIC 200GeV d-Au, STAR Collaboration
Adams et al., PRL 97 (2006) 152302.

VSw=200 GeV

e n1° (<n>=4.00)
0O h™ (n=3.2)

Z shadowing(KKP)

" shadowing(Kretzer)
multiple scattering

—_—

Normalization
Uncertainty = 177%
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LHCf @ pPb 5.02 TeV vs RHIC:
Nuclear modification factor

VSw=200 GeV

o 1°(<n>=4.00)
O h™ (n=3.2)
o h™ (n=2.2)

©

|- shadowing(Kretzer)
e « « multiple scattering

\alization | 11540
certainty = 177%
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