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Outline

* Physics motivations

 The LHCf experiment

* Physics results
- photons in p-p at 13 TeV
- LHCf-ATLAS combined analysis
- photons in p-Pb at 8.16 TeV preliminary!




Physics motivations
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* Direct measurements limited  Only indirect measurements
by low flux of particles at high (with ground based experiments)
energies are possible above ~104-10% eV




Cosmic rays: Iindirect measurements

Air showers measurements:

 Longitudinal distribution
* N° of particles at ground
 Arrival direction

B

Astrophysical parameters:

e Spectrum
e Composition
» Sources distribution

.

Monte Carlo simulations of air showers with accurate
hadronic interaction models are very important




Contribution from accelerator experiments

Vs =13 TeV
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- Forward energy spectrum | Photons

Nuclear effects

——p» p-Pb collisions

« Soft interactions dominate (non perturbative QCD)

« Several phenomenological models based on
Gribov-Regge theory are proposed
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Inputs from experimental
data are fundamental




Why forward region? " "

p-p @ Vs =13 TeV
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The LHCf experiment



e Experimental setup 2

- 140 m > 140m —»

Beam line

‘ LHCT Is located in TAN slot ‘

. .

Zero degree particles!
Coverage: n > 8.4 (with
140 urad crossing angle)

Charged particles are deflected by D1 dipole magnet

. 1

Only neutral particles (photons and neutrons) are detected




Arm1

Arm 2

Detectors performance

@ Two sampling and position
sensitive calorimeters

@ Tungsten + GSO scintillators
» Depth: 44 X , 1.6 A

@ Energy resolution:
+ < 3% (photons, E > 200 GeV)
+ ~40% (neutrons)

o Transverse size: 20 x 20 mm?
and 40 x 40 mm?

e 4 x-y GSO bars layers

@ Position resolution: 100 pm
(photons, E > 200 GeV)

@ Transverse size: 25 x 25 mm?
and 32 x 32 mm?

e 4 x-y silicon pstrip layers

@ Position resolution: 40 pym
(photons, E > 200 GeV)

Arm1

Arm 2
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Operations history at LHC

 December 2009 - July 2010

- p-p collisions at Vs = 900 GeV
- p-p collisions at Vs = 7 TeV

» January - February 2013 (only Arm 2)
- p-Pb collisions at Vs, = 5.02 TeV

- p-p collisions at Vs = 2.76 TeV

e June 2015
- p-p collisions at Vs = 13 TeV

 November 2016 (only Arm?2)
— p-Pb collisions at Vs, = 8.16 TeV
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Physics results: photons in p-p



LHCTf p-p run at 13 TeV

® Low luminosity dedicated run for LHCf: 9t — 13th of

June 2015

LHCf run:
Vs =13 TeV

~ 27 hours of operation

Luminosity:
0.3-1.6-102°cm=2 st

Pile-up: 0.01 - 0.03

4 - 107 events
5. 105 1%s

Trigger exchange with
ATLAS

=)

Analysis data set:
~ 3 hours of operation

Luminosity:
0.3-0.5-102 cm=2 st

Pile-up: 0.007-0.012

Integrated luminosity:
0.194 nb+

4 - 105 events
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Photon spectrum I p P at 13 TeV
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« EPOS-LHC: good agreement for E < 3-4 TeV in both pseudorapidity regions
 QGSJET I11-04: good overall agreement for high-n, softer spectrum in low-n

14



Diffractive events contribution

n > 10.94
_ N — N —
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Q. D. Zhou et al., Eur. Phys. J. C (2017) 77:212

Hadronic interaction
models predict
different contributions
of diffraction

Central detectors can
give useful information
to identify diffractive

1| events

B

LHCf+ATLAS
combined analysis
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ATLAS+LHCf

Non-diffraction Diffraction
; ' _..AAI}Rapidity gap
“ \ [ e
1\ __ ||t
Proton® l Proton

* Trigger exchanged with ATLAS during p-p operation at
2.76, 13 TeV and p-Pb operation at 5.02, 8.16 TeV

 The number of tracks in the central region identifies the
type of the event

* A preliminary analysis was performed with p-Pb data at
5.02 TeV (ATL-PHYS-PUB-2015-038)

* First analysis of 13 TeV data: ATLAS-CONF-2017-075
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Diffractive event selection

Central veto: no
charged particles In
ATLAS with

w —
! !
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I L e s B

e -25<n<25
« P >100 MeV

.
L L

dGSD/dlogm(éx)[mb/logm(éx)]

I | I I I | I I I | I
QGSJET-I-04 p-p, Vs =13 TeV |

SD(pp -> pX)
SD w/ central-veto

0_-|

Central veto selects low-mass diffractive
events (My < ~20 GeV)

Q. D. Zhou et al., Eur. Phys. J. C (2017) 77:212
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Combined analysis results
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5.6/ =3 QGSJET-Il-04

Combined analysis results:
diffraction ratio
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Physics results: photons in p-Pb



LHCf p-Pb run at 8.16 TeV

¢ Low luminosity dedicated run for LHCf: 25t of
November 2016 (~9 hours)

Analysis data set:
> ~ 2 hours of operation

> Luminosity:
~ 0.8 - 1028 cm=2 st

> Pile-up: 0.01
> 3.-106 events

> Integrated luminosity:
8.1 pb-t

UPC simulation :>

Ultra peripheral collisions (UPC)
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Photon spectrum in p-Pb at 8.16 TeV
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Summary

« LHCf can contribute to reduce systematic uncertainties on
nadronic interaction models for air-showers

« Latest analysis results in p-p and p-Pb collisions:
> Photon energy spectrum in p-p at 13 TeV
« combined analysis with ATLAS experiment
> Photon energy spectrum in p-Pb at 8.16 TeV (preliminary)
* Future prospects:
> p-p at 14 TeV (increase of statistics for 1o analysis)

> possibility of a p-O run (under discussion)
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Published results

* Photons
- Energy spectrainp-p @ Vs =7 TeV [PLB 703 (2011), 128-134]

- Energy spectrain p-p @ Vs =0.9 TeV [PLB 715 (2012), 298-303]
- Energy spectrain p-p @ Vs =13 TeV [PLB 780 (2018) 233—-239]

° T[O
- P, spectrainp-p @ Vs =7 TeV [PRD 86, 092001 (2012)]

- P, spectra in p-Pb @ Vs, = 5.02 TeV [PRC 89, 065209 (2014)]

- P,and P, spectrain p-p @ Vs =7 TeV and 2.76 TeV, p-Pb @
Vs, = 5.02 TeV [PRD 94, 032007 (2016)]

 Neutrons
- Energy spectrainp-p @ Vs =7 TeV [PLB 750 (2015), 360-366]

- Energy spectrain p-p @ Vs = 13 TeV [JHEP (2018) 2018: 73]
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Models improvement after LHC Runl

Mean depth of shower maximum N° of muons at ground
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(InA)

Muon excess problem

S = N A O~ oo D

M. Mallamaci, ICRC2017
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X

VS parameters

MmaxX

SIBYLL 2.1
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SIBYLL 2.1

NH VS parameters

798 proton .
7.96 |- . o
o s 1019 5 ev ™
5 i
;—1 T s ) A
'|—'= 7.0 [— i rr‘
= : § _.".
E 788 F'_ . ) i _-'!
E 7.86 :‘— b """._‘.!‘ul_'
= B

T7.84 — b e

= - - i
7.82 [ » .:
L] S L
778 =
7.76 — L
012 -
0.1 t
01

——

= 0.09

0.08

0.07

rms log

0.06

0.05

0.04

rTI 11r'|r|rr UL 'r'|1'|"|r|r|1r'|'r'r
-
-
Lo e,
|. E '_!_'
[ _"{t;'
- -1.'#'4"“. +
-
-
-

02 03 04

Mean log I u{NF]

8.06

B.04

a.02

\ -
. o
: ‘--.'.__ .| ‘.-'I
L. - K 3:"-"“""-
o e
= - ‘L‘
..-I" *':L -
- .
= * cross section
- = multiplicity [
— 4 elasticity I
-+ charge ratio
] J.}

920tS0 (TT02) €80 Ny sAyd

30



Diffractive events contribution

8.81 < n < 8.99
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Hadronic interaction
models predict
different contributions
of diffraction

Central detectors can
give useful information
to identify diffractive
events

LHCf+ATLAS

combined analysis
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Diffraction mass distribution
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Tuning of SIBYLL 2.3c (by

n
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diffractive cross section distribution
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Tuned SIBYLL 2.3c: results

BERELILI IR R L
¥ U
X
-
1
I
& .'"-:::7\
{ &
: §

IIIIIIIIIIIIIIII|IIIIIIIII

LHCf Preliminary
\s =13 TeV, 0.191 nb™
n>10.94, A¢=180°

| IIIIIII| | IIIIIIII
0)] / [N /dE,]

(N

—e— Data LHCf-Arm1, arXiv:1703.07678 |.._;§§:::|
—m— Data N_,=0, ATLAS-LHCf preliminary

[dN /dE,

ATLAS-CONF-2017-075

[ ] Syst. + Stat. Unc. LHCf-Arm1
77777 Syst. + Stat. Unc. Nch=0

oo EPOS-LHC: = W% EPOS-LHC N_,=0
—— sSIBYLL2.3c =w=:= SIBYLL2.3c N =0
<< gIBYLL2.3  =ms SIBYLL2.3 N_=0
242 SIBYLL2.3cDiff % SIBYLL2.3¢c-Diff N_,=0

IIIIIIIIlIIlIIIIlIlIIII

1000 2000 3000 4000 5000 !‘éOOO

Photon Energy [GeV]

ch

= = -
H » o) =
: | | FE | | | R | | l===li=sl | |

=
N

T T T I T T T T l T T T T I T T T T T T T T T T T T
LHCf Preliminary
\s =13 TeV, 0.191 nb!
n>10.94, A¢=180°

——@—— Data, ATLAS-LHCf preliminary, ATLAS-CONF-2017-075

[ ] sSyst +Stat Unc.

sm————————= EPOS-LHC

= SIBYLL2.3c

——————— SIBYLL2.3
— SIBYLL2.3c-Diff *
y IL
P

| 1 1 | 1 1 1 1 | 1 1 | 1 | | 1 1 |

éOOd 3000 4000 5000 6000
Photon Energy [GeV]

» Very good agreement of tuned SIBYLL 2.3c-Diff for low-mass
diffraction spectrum and ratio

34



dE/dn [GeV]

Electromagnetic energy flow
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Energy flow: results at vs = 0.9, 7 TeV
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Photons spectrum in p-p at 7 TeV
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Photons spectrum In p-p at 900 GeV
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Photon pairs invariant mass at 13 TeV
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Detectors cross section
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RHICT

Forward photon yield
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Test of Feynman scaling
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