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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?

I can see

Fluorescence detectors
F/Uo (UV light from excited N»)
re
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MC Simulakion ko désambe hadronic
tnberacktion wikh a&mosphere

PARTICLE

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

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 even discrepancies
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- Egp > Epp ¢

- missing energy (1)
th #D :

& Mass
- Mass vs. Xpaax A FD:

- Mass vs. e/u or u
excess i SO

COSMIC RAYS @ proton
E up to

Nitrogen 1019 :10%20eV

Observer standing
outside and looking to cosmic rays...

Alessia Tricomi

p—?b

@Extrapolation to high
energy precise
measurements in lower
energies are crucial

Charged particle
detectors

p-p * p-Fb

(1) Inelastic cross section

' @ Forward energy spectrum
' Disk of particles
e If softer

shallow development

If harder
deep penetrating

- @ Inelasticity k

If large k

rapid development
If small k

deep penetrating
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HECR Physics ab LHC: LHCE Physics
Model-originated uncertainties or even discrepancies
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COSMIC RAYS @ proton
E up to
Nitrogen 1019 1020 eV

E =6.5x10'2eV_  E=6.5x10"e
proton A(A.‘- proton

Observer sitting comfortably in LHC

Observer standing proton

outside and looking to cosmic rays...

Observer riding a proton (LAB frame)!!
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HECR Physics ab LHC: LHCE Physics
Model-originated uncertainties or even discrepancies
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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 LHCS Debector

ATLAS
INTERACTION REGION

D1 dipole

(absorber for neutrals)
magnet

*
Arml

IP

Double-tower calorimeter Double-tower calorimeter

4 pairs of scintillating fiber/&so b
layers for tracking purpose

‘ 2 tungsten layers

.‘ 7~ 14 vam thicke (-4

‘ r'L') R
(.W .Xo = 37.5'1_\«'\\!\«\, R = 9mm)

4.““50M% S S D a8y
or tracking purpose (X and —

directions)

| 16 scintillator Layers
- (Plastic or &SO)
" Trigger and energy ‘

TN <
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From our Pko&: album...

Arm#1 Detector
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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




Event category in LHCE
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LHCS Data Taking and
Amatjsi;s makbrix

Photown Neubtron (8
(EM shower) (hadromn | (EM shower)

Proton £

Test beam at NIM. A 671, JINST 9
SPS e, 129-136 (2012) (2014)YP03016 _
-p ok Phys. Lett. B 718, ‘
: o
950%2\; B 29%-303 (2012)

Phys, Lett, B 703,

p-p ot 7TeV & 6XL0 12%-134 (2011)

p-p abk 2.76TeV 4 1x10
p—JPb okt 8.02TeV 1.3x10

p-p ab 13TeV 9,0x10

e f submd:&e

. ».-"_._'."' (o ‘!~ l; B d X
March ‘!{v ~ . el PR

F:-‘Pb ab ¥.1 TeV 3.6x10 "“w &
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LHCY @ pp 7TeV:
Sthgle Pko&ov\ spe&%r& MC vs Daka

Adriani et al., PLB, 703 (2011) 128-134
Around 0 degree (On axis)
LHCf\s=7TeV

Gamma-ray like
n > 10.94, Ad = 360

LHCf\s=7TeV
Gamma-ray like »
8.81 <1 <8.99,A0 =20

Events/N_ /GeV
Events/N_ .IGoV
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Data 2010, 34at. « 3yct error
m—— DPMJET 3.04
g QG3JET I1-03
s SIBYLL 2.1

e Data zow.j Ldt=0.83+0.63nd"
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PYTHIA 8145

g EPOS 1.99
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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 ot ground
O\Md {LOTQS&Q&\CQ Lish& 1000 1500 2000

Radius

[ J.Allen, et al. ICRC2011 Proceedings]

- R0-100% wiore muoins than expec&ed have

e
a

been observed % [ e
Inclined showers (muon dominated) > Nirdbet C}-f PRTRL. % . ~ aasveTor
] —Njg = A(E/10"%eV)B 0 depemds on khe ehm‘gv qE;
e y fraction of produced 2
S 4 hadrown & |
= o Muown excess in daka | F N t';c;’EfGert
CNaas| even for Fe primary MC
‘f“"“" koS Fe o EPOS predicts more -p: Ns= TTeV =

muon due to larger
bm‘vou Frodua&wm

N, u,data

= 2.131+0.04(stat)%:0.

Nu,MC QGS,p

1000 2000 3000 4000 5000 60
Energy[GeV]
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LHCE @ pp 7 TeV: neukron spea&ra

n>10.76 A =360° 8.99<n<9.22 A¢=20° 8.81<n<8.99 Ap=20°

® Data (Arm1) ® Data (Arm1) @ Data (Arm1)

—— DPMJET 3.04 (Arm1) £ —— DPMJET 3.04 (Arm1) £ —— DPMJET 3.04 (Arm1)
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o LHCE Arml and Arm2 agree with each other within systematic error, in

which the enerqgy scale u&mar&aim&v dominates.

nw/y ratio

1.26+0.08

o In 121076 huge amount of neutron exists. Only QGSIETR reproduces the

LHCS resulk,

o 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

LHCf \s=2.76TeV | — . IF |
|

1/0, ., Ed°c/dp® [GeV™?]
=

—_—k
<
(&)

o
Ldt=2.36nb" |

IIII|IIII|IIII|I|_LI IIIIIIII|IIII N T T I Y I O | II|IIII|II IIIIIIIIIII

(e)9.6<y<9.8

S LHCHstatasyst) | QGrSIETII-04: best agreement

— DPMIET306  _ =ens-LHC: harder Fhan daka

~ — QGSUETIO4 SYRBILL: small 1® 3ﬁ€,td; harder
spectrum

DPMIET Pythia

- -~ SIBYLL 2.1

~ - PYTHIA 8.185

1/0, ., Ed’c/dp® [GeV™?]

—-— EPOSLHC

01 02 03 04
p_ [GeV]
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LHCE @ pp 7 TeV: 1 pr spectra

(a) 8.8<y<9.0

LHCf \s=7TeV
f Ldt=2.64+2.85nb"
1 1

(b)9.0<y<9.2

(c)9.2<y<94 (d)9.4<y<9.6

() 9.6 <y <9.8

10°

c{ll_l
=
(O]
S,
C’)Q_ _
510
&)
25 107
LLI

(h)10.2<y<10.4

(i) 104<y<10.6

() 10.6 <y <10.8
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-~ QGSIETII-04: best
L LHCT (stat.+syst.)
agreement
—— DPMJET 3.06 | e der b
- oesieT ihoa — EFOS-LHC: harder than
-~~~ SIBYLL 2.1 data for large pT
—— PyTHIAB185s ~ S/ BILL: qood
— ~ EPOSLHC agreement only for

smwall Y
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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)

% 250 Y;....=6.5 for SPS
Y5oam=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
se&amd&wj pm%iﬂes i the

forward rapidity region |
(tarqget’s fragment) should be S 10 & e LheH (femTTeV)
independent of the center- | o LHOf (1s=2.76TeV)
o .{‘“m ass ener 93“ ) —=— UA7 (/s=630GeV)

=
_dl

Submitted to PRD

This thOEkQSES for ° is brue
ot the level of 215%
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ins. . . i
Feynmoan scaling in forward x
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%

Alessia Tricomi Hadronic Interaction Model Calibration with LHCS data ot LHC

R4



Tuning of hadronic interaction

LHCfp+p Vs=7TeV
8.81 <M <899 A¢p=20

LHCfp+p Vs=7TeV
8.81 <M <899 A¢p=20

O

EPOS 1.99
QGSJETII-03
QGSJETO1
SIBYLL 2.1

1000

EPOS LHC
---  QGSIJETII-04

]
]

2000 3000

Energy (GeV) Energy (GeV)

—— Sibyll 2.3rc4 - -~ Sibyll 2.1 —— Sibyll 2.3rc4

le-4 Te-3
O LHCFpp—n@7TeV, n>10 “l o

e

- Sibyll 2.1 (Pierog 2014)

LHCF pp —»n@7TeV, 8.99 <7 <9.22

w
[0

=
o
T

N
U1
T

R. Engel
CRISROL1E

—_
(5]
T

—
o
T

(Riehn 2015)

Cross section do/dE (mb/GeV)
- >
Cross section do/dE (mb/GeV)

o
wn

1500 2000 2500 3000 3500 O'(5)00 1000

Energy E (GeV)

1000 1500 2000 2500 3000 3500

Energy E (GeV)
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LHCt @ pPb 5.02 TeV:
Nuclear modification factor

. (d) '9.4>y|ab>'9.6

[ (b) -9.0>y,,>-9.2 [ (c)-9.2>y,,>-9.4

[ (a) -8.8>y,,>-9.0

8| LHCf /sy =5.02TeV T
JLdt=0.63nb™

e LHCE show strong
sup[aression A F‘Pb wrt pp
colli

: LSLonS
In Good agreement with the
models

[ (9)-10.0>y,,>-10.2

| (e) -9.6>y,,,>-9.8 . (f)-9.8>y,,>-10.0 - (h) -10.2>y,,,>-10.4

sw=200 GeV

=

+ (i) '10.4>y|ab>'10.6

+ (j) '10-6>y|ab>'10.8

0.5

pr [GeV]

—— DPMJET 3.06

EPOS LHC

! ---- QGSJET 1I-04
<+ LHCf (stat.+syst.)

L

0.5

o 11’ (<1>=4.00)
r0 h”(n=3.2)
glo h™(n=2.2)

n=2.2 Q é

Uncertainty = 17%

- mesons (1) =4.00

Normalization | 1154.0

0

—— shadowing(KKP)
— — shadowing(Kretzer)
* multiple scattering

P

pr (GeV/c)

—

2 3

or (GeV/c)

RHIC 200GeV d-Au, STAR Collaboration
Adams et al., PRL 97 (2006) 152302.
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LHCt @ pPb 5.02 TeV:
Nuclear modification factor

L (a) -8.8>y,,>-9.0 11 (b)-9.0>y,,>-9.2 11 (©)-9.2>y,,>-9.4 11 (d)-9.4>y,,>-9.6

8| LHCf /sy =5.02TeV T
JLdt=0.63nb™

4 I I I Im LHCS show strong

e H | | I | su,p[aression U F‘Pb wrt pp
| D o S R EnEa S 1S M*_ _ | T . COL LS&OV\S

L (e)-9.6>y,,>-9.8 11 (f-9.8>y,,>-10.0 11 (9)-10.0>y,,,>-102 | | (h)-102>y,,,>-10.4 |} | G(}C}d QST‘QQMQV\E wf,&h Hﬁ.&
models

. . . , 0.5 00. 0.5
. (i) -10.4>y,,,>-10.6 11 ()-10.6>y,,>-10.8 ] p; [GeV]

| Poory )i ] %ﬁ ] ;.ig,‘ﬂ | |  V/5m=200 GeV

—— DPMJET 3.06
] EPOS LHC A
{ ---- QGSJET I1-04 -mesons(n(>=4-)°0
v —— shadowing(KKP
‘+‘ LHCf (stat.+syst.) — — shadowing(Kretzer)

* multiple scattering

ation | 1=4.0
ninty = 17%

P

pr (GeV/c)

or (GeV/c)

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

@)

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 ) d ) 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

Number: 115574439

Tower Large (TL)

Run Number: 218589, Eve

Date: 2013-02

01

04:15:47 UTC

Tower Small (TS)
© Photon like
248 GeV
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L.

number of qood charged
ATLAS btracks

- pr > 100 MeV

- vertex matching

= lnl & £

Significant UPC contribution

in the very forward region
Mbﬂd Nse“:izo

Alessia Tricomi

HCE spectra in
with Atlas taqqing on tracks

Events / 200 GeV

>
o
)
o
o
re}
~
[2]
2
c
o
>
I}

@~
Bl 3

Fw‘?b collisions

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

—4— w/0 selection

A+ —+ nsel =0

e —-ng, >0

—A—
Lo
-,

2 &

1000 2000 3000
Energy [GeV]

p+Pb, m =5.02 TeV
»otﬁm.;:': LHCt-TS, Hadron like
’ —— w/0 selection
L ¥ N, =0
g —4— Ny >0

10000
Energy [GeV]

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

—— w/0 selection
- Neel = 0

1000 2000 3000
Energy [GeV]

p+Pb, m =5.02 TeV
LHCf-TL, Hadron like
—— w/0 selection
—#-n, =0
= nsel >0

10000
Energy [GeV]
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LHC 13 TeV Run

o During Weel 24, June 9-13, LHCS dedicated Low-Llumi run
o Total 266 hrs with L=0.871.6.102° em2s7! (16 nb1)

® V39 M showers, 0.8 M 1° obtained

@ Trigger exchange with ATLAS

@ Detector removal on June 18% during TS1

@ Run was very successful!!!!

L Hf — Arm2 Shower p-p atvs =7 TeV | p-p at Vs = 13 TeV |

—— Arm1 Shower .0
p-p Is=13TeV — . Arm2 Typel n° Candidates(x 20)
— . Arm1 Typel n° Candidates(x 20)

P; (GeV/c)
N

P; (GeV/c)
n

Number of Triggers [M]

i
I

11/06-09:00 12/06-09:00 13/06-09:00
TIME(CEST)

Significant improvement in

phase-space acceptance
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Al mer@.ssava high energy

LHCf Arm2 Detector RUN: 44484

NUMBER:3010

. TIME: 1434152507
n° Candidate Event FILL: 3855

E,..: 1014 GeV

LHC p-p, \'s = 13 TeV Collisions Epmmt 1021 GeV

M . : 147 MeV

Y

32mm Calorimeter

E
| o2
| ol

e N

N

OCFIII

14 16
Layer

—
Q

<
()
=

—Layer1 ]
— Layer 2 _|
—Layer 3 A
—Layer 4 7

100 150 200 250 300 Ssgtrip 50 100 150 200
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First look at 13 TeV data

2,

Mandatory tool for
energy scale calibration

2

n
+—
-
Q@
>
L
[ve—
o
| -
QO
0
£
-
Z

LHCf photon pair invariant mass (preliminary)
LHCf Arm2 detector
LHC 13TeV p-p collisions (fill 3855)

200 300 400 500 600 700
M., [MeV]

Alessia Tricomi Hadronic Interaction Model Calibration with LHCS data ot LHC 31



Preliminary v energy spectra at 13 TeV

LHCf {s=13TeV photon . LHCf Ys=13TeV photon
n>10.94, A¢=180° B 8.81<n<8.99, Ap=20°

[ Lat=0.191+0.191n" [Ldt=0.191+0.191nb"
Preliminary Preliminary

LI Illllll
LI IIIIIII
L1 IIIIIlI

il

] lIIIIIIl

9

LI lllllll
L1 IIIIII|

dN/dE [GeV ]
dN/dE [GeV]

ine

—e— Data

- = QGSJET II-04
- .= EPOS-LHC
—— DPMJET 3.06
- == SIBYLL 2.1
-+ PYTHIA 8.212

L1 1 I | I I L1 1 1 I [ l | I L1 1 |

1/N
1/N,

LI Illllll
ne

LI IIIIIII

(| IIIIII|

I IIIIIIIl
L1 IIIIIII

LI llllll[

llll
IIIII

MC/Data

IIIIIII]]IIIII

MC/Data

1000 2000 3000 4000 5000 _ 6000 07777000 2000 3000 4000 5000 6000
Energy [GeV] Energy [GeV]
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y energy spectra 7 vs 13 TeV

Around 0 degree (On axis)

Offaxis ™ T T Vs=13TeV acceptance

LHCf\s=7TeV
Gamma-ray like _
8.81 <1 <8.99,A¢ =20

LHCf\s=7TeV
Gamma-ray like
n > 10.94, Ap = 360

:VG"WINMGIUG v
EventsleIGQV

LA RN LELE LELE LERE LERI

povol vvwed vroml v

e Db mo.J Ldt=0.88+0.53nb” e Data 2010.'[ Ldt=0.83+0.63nd"

Data 2010, 3tat. + Syct error Data 2010, Stat. + Syct. error
FEE IR

m— DPMJET 3.04 W DPMJET 2.04

E mtmm QG2JET 03 E™ mmgmm GO3JET N 02

C s SIBYLL 2.1 ; s 3IBYLL 2.1

IIIII"I ||||ITII| LI
IIIlI"I Illlnﬂl 1T

‘FIIIIII]IIIIIIIIIII

m—p— EPO2 1.88 i - mmpm— EPOS 1.82
E PYTHIA 8.145 PYTHIA 8.145
1

OO

02 03 04 05 06 07 08 09

XF
Xr

lIllllllllllllllllllllllllll llllllllllllllllllllllllllll;'

10_5"'|""I""l""l""l"' e err e p ettt —

LHCF fs=13TeV photon LHC# {s=13TeV photon Vs=7TeV acceptance
n> 10.94, Ap=180° 8.81<1<8.99, Ap=20°
JLdt=0.191+0.191nb'1 [Lat=0.191+0.191nb’"

Preliminary Preliminary

n

@

10°

I lll]l”l
1 IIIIIII|
T IIIIIITI

N

AR RARERARE RARE RARE LELE LELE LELE LEAE LB

p]’ (g(@vy) )

T llllllll
1 IIIIIIII
T IIIIIII|
| IIIIIIII

dN/dE [GeV]
dN/dE [GeV']

ine
ine

1/N

—e— Data

- = QGSJET lI-04
- .= EPOS-LHC
—— DPMJET 3.06
-== SIBYLL 2.1
-+ PYTHIA 8.212

L L I 11 11 I | I T | I | 1 l 11 11 I L1 1 1

1/N

I lllll"l
T IIIIIIII

1 llllllll
T IIIIIII|
1 IIIIIII|

OO
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llll
|

High energy data covers up to larger pr
Similar trend in 7TeV and 13TeV, but differences look enhanced in 13TeV resulks
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Origin of the differences

—— EPOS-LHC

— — QGSJET-II-04
SIBYLL2.3

- PYTHIA8212-SS
PYTHIA8212-DL

EPOS-LHC p-p, ¥s = 13 TeV QGSJET-1I-04 p-p, ks = 13 TeV

1>10.94 —Total 1>10.94 —— Total
—— Non-diffraction —— Non-diffraction

Diffraction o Diffraction

1/Ninel dNY/dE
SD
do®°/dlog, (¢ )[mb]

—_
o

-8 . —b
Sensitive by
LHCf-ATLAS

SIBYLL2.3 p-p, ks =13 TeV PYTHIA8212 p-p, s =13 TeV
11094  —Total . 1>10.94 == Total

L
RS
.
P
©

ne

— Non-diffraction E — Non-diffraction

Diffraction Diffraction
. Bl

1N,
IS

Single diffraction cross sections

Il,.3 E
5000 6000 O
E [GeV]

n° 0<P,[GeV]<0.2 o

. 0
i’v

~half of LHCE detected particles are produced
in ditfractive dissociation

Fraction and shape of diffractionmon- f Do

[T PYTHIA8212DL

diffraction are model dependent

1000 2000 3000 4000 5000 6000
P, [GeV]

By cLassE,{:va LHCS events with ATLAS btrack Diffraction selection efficiency and purity
information, LHCE can select pure diffractive
samples in never explored mass range (§x)
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Impact of common ATLAS-LHCS brigqer

PYTHIA MC study @ 14 TeV. Diffractive event selection efficiency and
purity:dropping events with (PT

All events

in MC true,
Non-diffractive
Diffractive 400

200

1000 2000 3000 4000

w/ event
selection =
(not ND) *

80

For diff. events,
35-40% efficiency |,
99 % purity

20

O0 1000 2000 3000

key: Low mass ditfraction (Ostapcheniko’

Alessia Tricomi

> 100 MeV/c & Nch>1 in Inl<2.5) @ATLAS

— Total
— Total

" . non diffractive
—— non diffractive

" . — diffractive
— diffractive

n

000 6000 7000 8000

1000 2000 3000 4000 5000 6000 7000 8000

E[GeV]

— Non diffractive
— Diffractive

Y

4000 5000 €900 7000 E{?]"O %" {000 2000 3000 4000 5000 6000 7000 8000
=(34 E[Ge

Hadronic Interaction Model Calibration with LHCS data ot LHC

Use neutron tag in
LHCf to measure
Ti+p in ATLAS
P From R. Engel / T. Pierog

T replace y by p

Arma2 i —
"—TE=x. Y Y
i ATLAS Op
T

r LY
Olx . “, O

T .o‘ \.“ T
—_——n Armi

P T T

n n

Physics discussed in detail for HERA (H| and ZEUS) measurements

(see, for example, Khoze et al. Eur. Phys. |. C48 (2006), 797 and Refs. therein)
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o ?kaECS Motivakions
o The Link between HECR
‘kasiﬁs and LHC

o The LHCH detectors
o “Il vino buono sta nella
botte piccola” or "qood L TR
things comes i small Rrree——————
packages” |
o Physics Resulks R g st

eas ments
particle production at RHIC

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

Waseda University, Japan

O.Adriani, A.Tricomi
] INFN, Ttaly
‘ Y.Goto

E!! 1 Riken BNL, Japan

K.Tanida

o what we have done so far

Seoul National University

arXiv:1401.100
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Owj ARM2 Debtector

The LHCf collaboration

MOE ivakions: LHCf

Letter of Intent for a p-Pb run in 2016

« Sktakistics:

~ Measure 70 with increased stakistics wrk 2013 Study of forward physics in
rwA _ Sxv = 8.1 TeV proton-Lead ion
.;"'j collisions with the LHCf detector at

- Possibility to detect the n meson the LHC

- Combined ATLAS-LHCE data take (very
Limited in 2013)

% Phase space

- extend up to p>1l Gev/e
A A Invariant mass distrib. of y pairs (p-remnant side)
. deviations from models sugqgested from

2013 data at high p.

I DPMUET 3.0-6 - {5, = 8.1 TeV
[ DPMUET 3.0-6 - sy = 5.0 TeV

Number of events

> Uvestigate pQCD phase-space region 9 p-remnant side
% Scaling properties

i Ex&rapota&iov\ ab extreme CR energies

- Feynman scaling: spectra in x,
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Fw‘?b at ¥.1 TeV: v & speﬁﬂra

| | (CRMCY framework
(p-remnant) h a s b & e W ese d EO

| ¢
—— DPMJET 3.0-6 - {5=8.1TeV | [{ 3 : —— DPMJET 3.0-6 - {5,y = 8.1 TeV | |
d . [d [
— DPMUET 305 - {5, =50TeV ek anll | sinulate 107 collisions

—— EPOSLHC - {5y, = 8.1 TeV —— EPOSLHC - {5y = 8.1 TeV _
QGSJET I1-04 - 5,y = 8.1 TeV -04 - {5, = 8.1 Te % 5 .
HIVING 1.383 - Sy = 8.1 TeV gﬁﬁ::gg- VV%::.:TTe\Y s L E k 4’ d L ‘F‘f erein E
hadronic interaction
T—hﬁ
TT I models:
| ,

photons, large tower '{'f;
p-remnant side

y-rays, small tower +, o4
i it
p-remnant side Hh t 4 t

T R e RN Y P L K G DR T S A

1000 2000 3000 4000 5000 6000

1000 2000 3000 4000 5000 6000
Energy (GeV)

Energy (GeV)
A

Neutron energy distrib. in small tower (p-remnant side) Neutron energy distrib. in large tower (p-remnant)

—— DPMJET 3.0-6 - S, = 8.1 TeV

neutrons, small tower e - e DPMET 306 {o 50 Tev SMQU. COLLC}T‘E,M Q&QT‘
p-remnant side —— EPOSLHC - {8,y = 8.1 TeV

G 1505 g1 1ev tower cenbered on
the beam spot

neutron, large tower 05’\1.3 F“TQMMO\M& side
p-remnant side *ﬁ Ll CC)V\SE, d@.\"ﬁ d

12000 2000 4000 6000 8000 10000 12000
Energy (GeV) Energy (GeV)

—_
<
(&)

—_
Qe
(o2}

Ing’

>
[}
e
w
o
2
B
_
<

1

—

<
U

~ DPMJET 3.0-6 - {5y = 8.1 TeV +%,

~DPMJET3.0-6- {5y =50 TeV 4%, T PN

~-EPOSLHC - 5y = 8.1 TeV + + ++
QGSJET 11-04 - {5, = 8.1 TeV i +++ +
HIJING 1.383 - S, = 8.1 TeV t ot

2000 4000 6000 8000 10000

* We acknowledge T. Pierog, C. Baus and R. Ulrich for support
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p-Pb ot %.1 TeV: perspective for
ATLAS-LHCS com W\é amaivsns

Photon energy distrib. in small tower (p-remnant side)

EPOSLHC - |s,, = 8.1 TeV

y-rays, small tower

p-remnant side

—e— All single photon events
-=- Events with no tracks at n<2.5
—— Events with N>5 good tracks at n<2.5

1000 2000 3000 4000 5000 6000
Energy (GeV)

Information from the ATLAS central region is essential to separate the contributions
due to diffractive and non-diffractive collisions.

Alessia Tricomi
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From LHCE ko RHIC

p-p ot Vs=510 GeV with ARM1 i 2017
Extend Vs coverage for the test of
Feynmain scaling

DX magnet DX magnet

transverse[cm]

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

1 ‘ 1 | 1 | | 4 I 1 1
-1500 -1000 -500 7 1000 1500 2000
longitudinal[cm]

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

Photons

0.Adriani, A.Tricomi
INFN, Italy

?

Y.Goto
Riken BNL, Japan

dN/dE [1/GeV)
2

K.Tanida

Acceptance
n>6

Seoul National University

arXiv:1401.100
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The Far Future abt LHC

¢ The most promising fubure ok LHC for LHC involve the proton-
Light ton collisions

¢ To 9o from p-p to p-Alr is not so simple....

sComparison of p-p, Pb-Pb and p-Pb is useful, but model
dependem& exErapoLa&Lons are anyway necessary

oDirect measurements of p-0 or

p-N could significantly reduce
some systematic effects

p + p —> chrg Inelastic O + p — chrg Inelastic

(1/N) dN / dn
(1/N) dN / dn
S =

p—
=)

Thoton s[oe.c&ra p-p. Vs 0-0 — EPOSLHC

-~ QGSIJETII-04

® QGSJETII04_OO0
A QGSJETIIO4_pp

S N B~ O

o ) .
Bigse, 0-0 collision - - 10 - 10
® Sibyll21_00

s o -
s Aéﬁézzzu "' / A Sibyl21 pp pseudorapidity n pseudorapidity n
[ ] |
3 .....
)

® EPOSLHC_OO
%@A A EPOSLHC_pp
/ .

p-p collision

® QGSJETII04e Sibyll21® EPOSLHC

rticles / collision / 100GeV
o

—_

pal

—_
o|
(&)

Y. Okuno, Master thesis
10°° > :
0500 1000 1500 2000 2500_3000 3500 "0 500 1000 1500 2000 2500 3000 3800 N“S"j“ uML\/?.T’SLEj (o18)

Alessia Tricomi Hadronic Interaction Model Calibration with LHCE daba at LHC 41



Sum MATY

o Very forward y, h and 0 production in p-p and p-Pb collision have been precisely
measured by LHCE ot £, € 7 TeV

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

o New resulks with hadrons are particularly interesting to understand the muon excess
o p-Pb resulks 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 An intensive 2016-2017 program is waiting for us
o ¥.1 TeV and § TeV P“‘Pb collisions at LHC in November 2016
o §10 GeV p-p with polarized beam ot RHIC in February 2017

o Still a Lot of results will come in the next years... while waiting for p-Light Ion run at
LHC

o So... szj tuned!
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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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Detector Performance

_ PID &etkmqu,e
Position [——= 0oCreV photon

resclubion

i
P e,
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b
..

Posikion
resolubion

resolution [mm)]

RBlacke : X--Fi.m«e

Red : Y-plane 1TeV neubron
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P N T R TP S TeV Ne
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Position Resolution[um]
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g o Identification of ncomin:
3
Ehergy - 8 40° particle by shower shape

Energy resolution o
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X MC 40mm cal. 21600~ Data2010, (s=7TeV,
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LHCE @ pp 7 TeV: neutron analysis

JINST 9 (2014 )FP03016

[ example at layer8th
@ Neubron energy is reconstructed

e Experiment

— MC DPM3 by a sum of energy deposits.

— MC QGs2 ® Detector simulation based on
SPS200 QGSIETR for hadronic shower

reprociu,t:es the test beam data

bebtter Ehan that on DPMIET 3.

@ Difference between QGSIET2 and

the tesk beam data is baken into

e oL D | account as a SjsEemaEi,t error i

[MIP] sumdE [MIPs] the lLatter anabjsis.

SPS2007

+ LHCf data
- QGSJET2

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

Arm1; 1500 GeV < E

° Data

. |
D Fit method A . rd o l
e . pka&on contamination in |

neubtron eventks,
@ 7TID @f&f&t‘:iehcv and purity |
are >90%.
@Eherg-j spea&ra are
corrected for PID |
CRECRE N R inefficiency and BG |

pemomelill |, = Lo0%-0.26%L20% < \
Alessia Tricomi Hodronic Interaction Mmodel Calibration with LHCE data ak LHC 7 4-6
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do/dE/dQ [mb/GeV/sr]

Alessia Tricomi

LHCf @ pp 900 GeV:
Sthgle pha&am spec&r& MC vs Data

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

100 150 200 250 300

Energy[GeV]

—

350 _400 450
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
iparameter: 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 O‘F\Ekﬁ observed ° Moy
originate in UPC, another half is

"FT’OM SO%&"‘QC.D. 1o 01 02 03 04 05, 08 07 o L.
v . 02 03 04 05 06 0
Hadronic Interaction Model Calibration with LHCY data o™ o
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Playing a -
effect of forward meson spectra

LHCT ys=7TeVn®
89<y<9.0

—— DPMJET 3.04
— — QGSJET II-03
---8SIBYLL2.1
—-- EPOS 1.99
—-- PYTHIAB8.145

N.H
>
o
S,
a
=)
©
b
z
IS
S
—

—
o
W

Alessia Tricomi

j Ldt=2.53+1.90nb™"

amwe wikth air shower -

DPMIET3 ai.wa:,s over-lﬂredic&s Prodm‘:&wh
Filtering DPMIET3 wmesons

according to an empirical probability function, divide mesons into

two with keeping pr

Fraction of mesons escape out of LHCE acceptance
This process

Holds cross section

Holds etas&iaiﬁj/ihetasﬁitiEv

Holds energy conservakion

Changes mu&éyti&:i&v

Does not conserve charge event-by-event

49



10 12 14
Layer

Lateral development

ADC counts

«of Silicon X

ADC counts

LHCf-Arm1 1§=7Tev,J Ldt=2.53nb™
90<y<9.2

Events/ (1 MeV)

100 120 140 160
Reconstructed m,, [MeV]

Alessia Tricomi

@ 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 by each calorimeter

— 1st Layer
—2nd Layer
—3rd Layer
— 4th Layer

—1st Layer

—2nd Layer
—3rd Layer
—4th Layer

350
Strio Number

1

AV\QL‘;’SE«S ?T‘Otedure Acceptance for T° at LHCf-Arm1

Standard photon reconstruction
Event selection

- ohe Pho&om in each calorimeter

- reconsktructed invartant mass
Backqground subtraction

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

Hadronic Interaction Model Calibration with LHCS data ot LHC
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LHC 7 TeV: 1 p, spectra

(:: LHCf Vs=7TeV =° b LHCf Vs=7TeV =° b 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” . By " f Ldt=2.53+1.90nb™ . e f Ldt=2.53+1.90nb”
overall agreement with LHC % = TR o
d&&& ‘FOT’ 9.2(:’(9.6 Odf\d PT ‘5_52 £8= Data 2010
: — DPMJET 3.
<028 GE\I/C — - QGSJET ﬁ-g;
4 SL - - SIBYLL 2.1
the axped:ed (B prodw:f:wn - EPOS 168

—-- PYTHIA8.145

rakes by bobth models exceed
the LHCf data as pr becomes
large

05 06 . . . . 0.5 0.6
[ [GeV/c] P, [GeV/c]

LHCf Vs=7TeV n°
9.4<y<9.6

f Ldt=2.53+1.90nb™

LHCf Vs=7TeV n°
9.6<y<10.0

f Ldt=2.53+1.90nb™

LHCf Vs=7TeV n°
100<y<11.0

f Ldt=2.53+1.90nb”

=
o
«Q
>
[
S
)
o
3
£
kel
w

inel

1/0,,, Edoldp® [GeV2c?]
1/0,, Ed’oldp® [GeV2c]

1/o.

Prediz‘:&s harder Piov\ specf:ra
than data

the expec&eci ™ yield is : _ _ |
sey\erQLLv snwall ' ' ' ' pTofgeV/gje ' ' ' Cop, [caeng6 ' ' : pToisGeV/(?je

— DPMJET 3.04
LHCf Ys=7TeV n° Sf LHCF ¥s=7TeV n°
— - QGSJET 11-03

89<y<9.0 —~ SIBYLL 24 9.0<y<9.2
— - EPOS 1.99

PT‘Q&&C&S ° SPQC&I"Q SO‘fEQT‘ : det=2.53+1.90nb" " vranages - det=2.53+1.90nb'
Ehan LHCE data -

shows the best overall

0.6

. e p, [GeV/c] ' ‘ ‘ b, [GeVic] b
agreement with the LHC 4
d ok o 5E LHCf Ys=7TeV 20 __| . LGS V8=7TeV 20 . | LHCf ¥s=7TeV n®
9.4<y<96 . 9.6<y<10.0 I 100<y<11.0
beh&ves SO‘F EQ’.T’ 7% H\e low FA‘T : : f Ldt=2.53+1.90nb " : . f Ldt=2.53+1.90nb"

region, pr < 0.4GeV/c in
2.0¢4<9.4 and pr <0.3GeV/c
h 9.4<¢y<26

behaves harder in the large

0.5 0.6 § . . . 0.5 0.6

F:-r re_si,()y\.  p[Gevi]  p[Gevi] p, [GeVic]
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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 collistions

— —
O -

. impact
Pb iparameter: 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
Mo A S 10GeV<E .<100GeV -
P R ST B e T B [ 100GeV<E .<1000000Ge (-OW’\PO\T'LSOV\
Pt R SRR S S

: = 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""
LHCf {5=5.02TeV =°
-9.0>y»>-9.2

Ra AR A R
LHCf ys=5.02TeV =°
89> Yoo 8.0

adp® [GeV?)
S

2
wap® (GeV?)

aldp’ (GeV?)

I
&
~ —
o

v

-
-0-

1/qutf
1/qa.,5:!3
¢+ t
1/q_,!,Ed°

(0.5x) UPC

i calculation

-
01 02 03 04 05 06 . 02 03 04 05 086 01 02 03 04 05 06
P, [GeV] P, [GeV] P, [GeV]
R R i
LHCf ys=5.02TeV n°
-10.0>ym>-11.0

""l""l""l""
LHCf {5=5.02TeV =°
-9.6>y“>-10.0

R mEE e e
LHCf ys=5.02TeV n°
04> Yoo 06

llll'

aldp’ (GeV?)

1/ Ed’
1/ Ed’
/G, Ed
%

aap® (GeV?)

g
g

adp® [GeV?)
t
o
T + {

—

o
[
A
%

]

+

02 03 04 05 06

LHCf data vs. UPC calculation P [GeV]
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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)

Ed’o/dp® [GeV?)

—
Q
—
Q
—
Q

—— DPMUJET 3.04

inel

1/0.

— — QGSJET II-03

1/c, , Ed’o/dp® [GeV?]

—_
Q
N

1/0, , Ed’o/dp® [GeV?]

—_
<
N
[
Q
N

E  _—e— LHCf p-Pb 4t 5.02TeV

B |:| LHCf p-p at[5.02TeV (x5)

F —— DPMJET 3.

- = = 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

-10.0 > Yip > -11.0

o
>
[
S,
8¢}
o
O
S~
0
[s2]
‘c
Ll

inel
3 3 -2
1/0,, Ed o/dp” [GeV™]

[
Q
N

1/0.

(@]

ro
o
o

—_
o
w
—
o
w
-
S
w

-4 L -4
02 03 04 107 . . . 4 05 107
n [Ge\/l n [GeV/1

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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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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pact of LHC measurement

Large Tower
& DPMJET3 (Changed) «  DPMJET3 (Changed)

< DPMJET3 (Original) o DPMJET3 (Original)

® LHCfdata R . " # LHCfdata
[ Stat.+Syst. error -7 [ Stat.+Syst. error

500 1000 1500 2000 2500 3000 3500
Energy[GeV]
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Impact of LHCE measurement

9.2<y<94 Large Tower

# DPMJET3 (Changed)
< DPMJET2 (Original)
® LHCfadata

[ stat.+Syst. error

—_

—

o
'

|

é « DPMJET3 (Changed)
89.9 o DPMJET3 (Original)

%o ® LHCfdata
@ [ ] Stat.+Syst. error

-
o
&

-
=
rq—r—rrrmt[—t—n11nr]—r—r—7mn]—7—rnrn

Eventsle,IGeV

Illlllllllllllll

1500 2000 2500 3000 3500
‘ Energy[GeV]

— DPMJET3
— DPMIJET3+filter

EPOSv1.99
QGSJETO01
SIBYLL2.1
QGSJETII

80

<~

~30g/cm?

60

40

2.5x10%% eV pr

20

III|III|III|III|III|III|III|

N , 1 e o AUGER ICRC 2011
$o0 600 700 800 900 1000 e ] .
X maxl9/ cmZ] 1 10Y
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Detector Upgrade:

» Plastic Scimkillabor £3260 (102@::’)
rapmaed bj &S0 scimtillator (10663)
for both ARML & ARM 2 => improve
radiation hardness for high dose rate
expected at 13 TeV (30 Gy/mb™)

Alessia Tricomi

Detector Upgrade:

» ARML:
» SciFi layers replaced by &S0 bars hodoscope
» ARMR:
» modified the bonding of the silicon microstrip
detector to improve the dynamic range
» modified the silicon layer position to optimize the
stand-alone enerqy reconstruction

Hadronic Interaction Model Calibration with LHCS data ot LHC
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Auai.vsi;s waﬂefﬂaw

Leakage-out F unction Leakagen Function

: 20 30
Depth[R.L.]

N .A—’
v,
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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 1

é.ﬁ’%L N ¢ Arm1(+0.05

1
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 recownskrucktions

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 8000 8500
SumdE [MeV]

PID based on longitudinal Prc:»&te. distribution (Looy)

Alessia Tricomi Hadronic Interaction Model Calibration with LHCS data ot LHC &1



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.

Alessia Tricomi Hadronic Interaction Model Calibration with LHCS data ot LHC 62




Preliminary v energy spectra at 13 TeV

LHCTf Prelimina
p-p, Vs= 13 TeV
Photon
n>10.94, A¢=180°

LHCT Prelimina
p-p, Vs= 13 TeV
Photon
10°6 8.81<1<8.99, A9p=20"

dN/dE [/GeV]

1 rfNinela

10~/

¢ Data(Arm1) ) ¢ Data(Arm1)

¢ Data(Arm2) 107° ¢ Data(Arm2)
—— EPOS-LHC —— EPOS-LHC
—— QGSJET I11-04 —— QGSJET I1-04

9
—_ DPMJET 3.06 10" E __ DPMJET 3.06
___ SIBYLL 21 ___ SIBYLL 21

PYTHIA 8.212 10-10 PYTHIA 8.212

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

Error bars show only the statistical errors.
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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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ATLAS Triggered bv LHCS

Use neutron tag in
LHCf to measure

Ti+p in ATLAS
P From R. Engel / T. Pierog

T replace y by p
Arm2

! (=X &

ATLAS

1:}----
.
—

L
oL

o

%
L]
L]
LY
- T -
i 4
7
L4
#
&

n Armi - /bf—p

n n

Physics discussed in detail for HERA (HI| and ZEUS) measurements
(see, for example, Khoze et al. Eur. Phys. |. C48 (2006), 797 and Refs. therein)
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The impact of LHC measurements
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erences bbtw different hadronic interaction modeLgfff
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