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Main purpose of LHCf

Provide calibration data for hadronic interaction models used in
Extensive Air Shower (EAS) simulations

Ultra High Energy Cosmic Rays (UHECRs) physics
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Cosmic Rays

* Particles from outer space
99% nuclei: p, He, ...

1% e, y, v, antimatter (e™, p, V)

* Inclusive CR differential flux vs Energy
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HOW DO WE DETECT CRs?
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Cosmic Rays

* Particles from outer space
99% nuclei: p, He, ...

1% e, y, v, antimatter (e™, p, V)

* Inclusive cosmic ray differential flux vs
Energy
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Small detectors (S~1m?)
on ISS, satellites, balloons
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Mass composition measurements of UHECRs

Indirect detection of UHECRSs
NY

detection of secondary particles of the
Extensive Air Shower (EAS)

with large arrays of detectors on ground level
(total S ~10 + 100 km?)
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Indirect detection of UHECRSs
NY
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Mass composition measurements of UHECRs

Indirect detection of UHECRSs
NY

detection of secondary particles of the
Extensive Air Shower (EAS)

with large arrays of detectors on ground level
(total S ~10 + 100 km?)

Comparison between
data of EAS detection experiments
and
outputs of EAS simulation

~

We can extract
CR mass composition
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Mass composition measurements of UHECRs

Indirect detection of UHECRSs
NY

detection of secondary particles of the
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PROBLEM!

Mass composition
measurements of CRs with
E>1016717eV are affected by a

large systematic uncertainty
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Mass composition measurements of UHECRs
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Calibration of hadronic interaction models

Calibration data:
» collisions between hadrons
* collected under controlled conditions

 at high energies

— Large Hadron Collider LHC (p-p, p-Pb, ...)

equivalent to

= e——» —o— o
> p-pa+/s = 14 TeV - E,,~1017 eV e ane

LHC collisions mimic CR - atmospheric nucleus interactions
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Calibration of hadronic interaction models

Calibration data:
» collisions between hadrons
* collected under controlled conditions

 at high energies

— Large Hadron Collider LHC (p-p, p-Pb, ...)

> p-pa+s=14TeV - E~10Y" eV \ig:mj

LHC collisions mimic CR - atmospheric nucleus interactions

« forward region of the interaction
Small angles wrt the direction of the colliding particles

Region of interest for the study of EAS development - the energy flux is mainly focused in the forward region

26/11/2024

Equivalent c.m. energy \@Dp (GeV)

)

3
3

T

Scaled flux E*® J(E) (m?s'sriev'®

_.
Q,
=]

10"

10'°

10"

10™

10"

102 10° 10* 10°
=] T f IT T I\\Illl f T lllf\\‘ 1 T IIlII\I T IIIIIII
- RHIC (p-p) Tevatron (p-p) 7 TeV 14 TeV
- HERA (y-p) LHC (p-p) v HiRes-MIA
= I + HiRes |
- : & HiRes Il
g 1 e Auger 2009
L g w‘?@ " 1
E I
= 1
= I
= 1
E
E 1
F I
- I % ay
E 1 "y
= 1 0 KIAL A g
F « amc e KASCADE (QGSJETIO1) "'"&.AA;#
- @ PROTON = KASCADE (SIBYLL 4 1) o
L ¢ RUNJOB *  KASCADE-Grande 2409 * |
= +  Tibet ASg (SIBYLL 2.?;
B I i‘
10" 10" 10" 10" 10" 10'® 10" 10%

Energy  (eV/particle)




Calibration of hadronic interaction models

Calibration data:
» collisions between hadrons
* collected under controlled conditions

 at high energies

— Large Hadron Collider LHC (p-p, p-Pb, ...)

> p-pa+s=14TeV - E~10Y" eV izmj

LHC collisions mimic CR - atmospheric nucleus interactions

« forward region of the interaction
Small angles wrt the direction of the colliding particles
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The LHC-forward (LHCf) experiment

Study of the hadronic interaction products in order to calibrate the models used in EAS simulations

IP5 IP2 e gV — IP8
INTERACTION REGION

CMS : TAN

C TAN D1 dipole
IP25 ALice LH LHcb ©IP8  (absorber for neutrals) D1 dipole . magnet
magnet =
ATLAS 1P1 -
N, — - m
Booster 140 m 'y 140
LINAC 2 b
PS IP1 Arm1

2 detectors, Arm2 e Arm1, located at £140 m from IP1
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The LHC-forward (LHCf) experiment

Study of the hadronic interaction products in order to calibrate the models used in EAS simulations

IP5 IP2 e gV — IP8
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C TAN D1 dipole
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magnet _ ,,
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The LHC-forward (LHCf) experiment

Study of the hadronic interaction products in order to calibrate the models used in EAS simulations
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emitted at 8 < 0.03° Forward region
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The LHC-forward (LHCf) experiment

Study of the hadronic interaction products in order to calibrate the models used in EAS simulations

iP2 s ATLAS IP8
i INTERACTION REGION
CMS : TAN
C TAN D1 d|po|e
IP25 4 ice LH LHch @1P8  (absorber for neutrals) D1 dipole magnet
magnet _
ATLAS|P1
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LINAC 2 /
PS Arm2 Arm1
rm
2 detectors, Arm2 e Arm1, located at +140 m from IP1
. 0 ?nzO
Neutral particles n=—In (tan (§>> R 7 =00
n . p Py g
y pseudorapidity n > 8.4 0 _
70 Sy 4 Measurement of the forward n, T, n... production rate
7 = yy+ yy ﬂ in LHC collisions at different center of mass energies

e p-pat+/s =0.9,2.76,7,13,13.6 TeV
* p-Pbat./syy =5.02,8.1TeV
* Next Runin 2025 p-O at \/syy~9.9 TeV
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The detector

Arm2 and Arm1
2 sampling and imaging calorimetric towers

IP1

brimary Interaction \ primary interaction

products products

ARM1
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The detector

Arm2 and Arm1
2 sampling and imaging calorimetric towers

IP1

primary |(;1te£act|on \ primary interaction
proaucts products
[ GSO-plate [ GSO-plate
_ [ GSO-bar hodoscope
Upgrade-Arm #1 detector B Tungsion

Upgrade-Arm #2 detector L] Silicon-strip layer

. B Tungsten
|P1

Lonqltudlnal size [mm]

20/ 40mm

25/32mm

-

Lonqnudmal size [mm]

Total depth of the towers: ~21 cm, ~44 X, ~1.6 4;

Energy resolution < 2% for y above 100 GeV Energy resolution < 2% for y above 100 GeV

Position resolution < 40 um for y above 100 GeV Position resolution ~ 200 um for y above 100 GeV
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The Arm?2 detector
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The Arm?2 detector
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An event in Arm?2
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An event in Arm?2

Event: n candidate in Small Tower
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EM-hadronic shower discrimination

primary interaction

P

products

Upgrade-Arm #2 detector

v
25/ 32mm

Every information from
every GSO and silicon
layers of Arm2
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EM-hadronic shower discrimination

primary interaction

IP1

products

Every information from
every GSO and silicon
layers of Arm2
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Total depth of the towers:

oY |oX 1v|1X 2Y

Discriminate between hadronic
and electromagnetic shower

N2

Discriminate between incident
hadrons (such as neutrons) and
incident photons
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EM-hadronic shower discrimination
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Misure di composizione (UHECR
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Misure di composizione (UHECR
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Modelli di interazione adronica
Muon Puzzle
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