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Problem in UHECR exp.

® Auger u excess

® Tension in composition (Xmax)
btw Auger / TA

®20% diff of E scale btw TASD / FD

detects

» LHC can verify interactions at 10 ~ 10" eV
» Ongoing low E extension (TALE, HEAT) can verify 10'7eV shower


http://cdsweb.cern.ch/search.py?of=hd&f=970__a&p=000034916MMD
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Very forward : Majority of energy flow (v s=14TeV)
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Most of the energy flows into very forward
( Particles of X; > 0.1 contribute 50% of shower particles ) -
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LHCf:. location and detector layout
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LHCf y / =° measurement
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LHCf single v spectra at 7TeV PhysLett. B703 (2011) 126-134
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LHCf single vy spectra at 900 GeV (submited to PLB)
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Single y X spectra : 900GeV/ 7TeV comparison
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LHCf TCO PT SpeCtra at 7TeV Submitted to PRD (arXiv:1205.4578).
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LHCf % P; spectra at 7TeV (data/MC)
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LHCT future plan

2010 2011 2012 2013 I 2014 | 2015
| |
Yo TeV: !8TeV > | LHC long shutdown !14TeV >
| | | | |
—_— I Detector g - Detector ‘;’2 -
LHCF | upgrade & LHCf upgrade Z LHCF II

p-Pb
Analysis ongoing for 2010 data

Neutron energy spectra — inelasticity.
Reinstall Arm2 for p-Pb in early 2013
Very important information for nuclear effect.
Under discussion of common triggers for
combined analysis w/ ATLAS detector.
Reinstall Arm1+2 for 14TeV in 2014 |
Now upgrading detectors w/ rad-hard GSO. L) [,

A new measurement at RHIC O degree v
Under discussions for 500GeV p+p and d + light-A . "y
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Summary

LHCf : Dedicated measurements of neutral particles at 0 deg
of LHC IP1 to verify UHECR interactions up to 10'7eV.
Phase-| run successfully completed. Analysis on-going.

E spectra for single gamma at 7TeV and at 900GeV. Agreement
is “so-s0”, but none of models really agree.

PT spectra for 7TeV pi0. EPOS gives nice agreement.
Future plan

Reinstall LHC at 2013 p-Pb run to study nuclear effect.
Revisit LHC for “14TeV” at ~2014 with a rad-hard detector.
Possible future RHIC run is under discussion.

LHCf toward solving the current UHECR observation problem.
Also UHECR data may hint UHE interactions at beyond-LHC energy.
LHCf gives firm basement to understand what happens at 10'7eV.

15
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LHCT for p-Pb collisions

Air shower MC needs p-N (or Fe-N) interactions !
Important first information for nuclear effect
Photon spectra at LHC

Saturation effects ?
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By S.Ostapchenko
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Average P of r°

"JD_ - I|"'|"_‘|"'|"'|IIII
2 1 LHCt Vs=7TeV ni°
%S - 92<y<94
Ll L i
E’ .“b‘. = i
& 107k . f Ldt=2.53+1.91nb" |
- - q‘* . 3
10_2 = ) *."
10°:| « | Data 2010 .
------- Best-fit function N
10% v b by ey 1, S
0 01 02 03 04 05 0.6
P, [GeV/c]

1. Thermodynamics
(Hagedron, Riv. Nuovo Cim. 6:10, 1 (1983))
1 _d3
Es
Jinel dp

Mo 2T Ko(mgoc®/T)
=N — % —
2 K3/'2(?’T?,WOC /T)

= A exp(—y/pr2c? + m2,ct/T)

I
o
o

[}
o
o

<p_>[MeV/c]

W
o
o

250

200

150

100}

50

ICHEP2012@ 7Jul 2012

_I I I I LI | L) I B | | P N I B | | | L) | I_
- ‘ + :
- —e— LHCf (this analysis) .-
-, vl
UA7 gl
oy 4 . ’u’,’ ]
J'?’, -
{ - -
o +¢ Wi .
-4 i
- +,ﬁ T ]
R :_,; " = QGSJET 1103 (SppS)
e - o - QGSJET I1-03 (LHC)

o SIBYLL 2.1 (SgPS)

é}:_}__,t‘r SIBYLL 2.1 (LHC)

il EPOS 1.99 (SppS)

a EPOS 1.99 (LHC)
| I 1 | | L1l | Ll 1 | | | I | | | Ll | Ll 1 | L

-2 15 1 05 0 0.5 1 1.5

y|ab

® Comparison w/ UA7@630GeV
®Extend to higher n regions
@ ess energy dependence of <PT>?

17



Y.ltow, The LHCf experiment

=

£1000_ .................................................................................................................................................. L]

Q2 I | | |

'Fu 800 __QGSJET“ .......................................... ............................................ gl 1

o [ DPMJET3 T
600__ ....................................... .................................... S 1} o 1
a00[ Lol Fon _______________________________________ ____________ ol
200 .......... ............................................ ................................ P ................

0 2000 4000 6000

ICHEP2012@ 7Jul 2012

Inelasticity~ 0 degree neutron spectra

» Important for X

max

and also NM

» Measurement of inelasticity at LHC energy

Neutron Energy Spectrum
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Setup in IP1-TAN (side view)
BRAN-IC

BRAN-Sci ZDC LHCF
ZDC Npeg L Calorimeter LI;Cf F;'ont
type1 = AN t =~ Counter

INNNNNNEENERREEN]

Neutral
particles
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Particle Identification  Calorimeter Depth - -
: Elemag: 44r.l.
Event selection and correction , Hadronic: 171
Select events <L, threshold and multiply P/ &
€ (photon detection efficiency) and P (photon purity)

By normalizing MC template L., to data,
€ and P for certain Ly, threshold are determined.
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Forward production spectra vs Shower curve

Pion x-distribution at 10'7 eV pp interaction

1 do 1017 eV proton induced showers
T — A - . A 1e+08
Gy ST %%%& Artifitial two examples -
1 ... g Vertical shower e N
: e jj T \
T S
,,,,,, SO <
ad-hoc A \+\\+ Y“\ £a ad-hoc A
Bl = - % S 07
- ad-hoc B - % c / / ad-hoc B
,,,,,, 5.5 3 QL A
N = /17
0.01 . + OS‘ = / /
\"_ = \l Z /
B
T < 16406
O.OO“ID - > ; * 200 300 400 500 600 700 800 900 1000
Lem, XF = E/Etot Vertical Depth (g/ sz)
Half of shower Measurement at
particles comes very forward region
from large X: vy Is needed 2
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LHCf 900GeV single y spectra: Data/MC

900GeV

DPMJET 3.04

—

PR RS BT R R B 17
500 1000 1500 2000 2500 3000 3500
Energy[GeV]
:I T T T | T TTT | T TTT | T T TT | TTTT | T T 1T T TTT T TTT I:
g LHCf ys=800GeV, Photon like —
B 1> 10.15 (<6> = 39 prad) ]
Sc @ Data 2010, _[Ldt:ﬂ.30+0.29nb i _:
C | Data 2010, Stat. + Syst. error ]
a- DPMJET 3.04 -
[ —e— QGSJET ll-03 ]
| SIBYLL 2.1 -
T —e EPOS 1.99% ]
B PYTHIA 8.145 — ¥ 7
2 —— -
~ ——
1=
:I 111 | L1111 | 111 | | | 1111 | | | | Tl | | . | I:

50 100 150 200 250 300 350 _400 450

Energy[GeV]

ICHEP2012@ 7Jul 2012

SIBYLL 2.1 EPOS 1.99

2 2
0 ..|....|....|J...|:.T—..l (- 11
500 1000 1500 2000 2500 3000 3500
Energy[GeV]
CU :IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|I_
"C_U‘ g LHCf {s=9800GeV, Photon like —
L 8.77 <1 <9.46 (<0> = 234 prad)
[am)]
~— :
LED So @ Data 2010, _[tha,smn.zgnh .

‘| Data 2010, Stat. + Syst. error

4 o DPMUET 3.04 ——
[ —e— QGSJET ll-03
3 SIBYLL 2.1 [
C —e— EPDOS1.99%
C PYTHIA 8.145 —
B —

DI:HHI....I....I....I....I....I.... L

50 100 150 200 250 300 350 _400 450
Energy[GeV]




1000 GeV < E, < 1500 GeV

=y

=
]
T

L B B B B B B B

=
[+
=
[+

LHC {E=7TeV
Gamma-ray like
n = 10.94, Ap = 360

L

= _‘“‘-‘- :

- ’ eoaisan
% 2t % ',.J'&ﬂ D.?.r

B . . L .
T T ' 1000 2000 3000 0.~—"3G00 2000 _ 3000

E (parent ¥ [GeV] E (parent ¥} [GeV]

e 500 GeV < E, < 1000 GeV 1000 GeV <E, < 1500 GeV

Evenls/™, _ GeV

‘.'.r?:jf :
Pr threshold - 24" |8
7 ae

=
=]
=
o]

P; (parent n°) [GeVic]
P; (parent n°) [GeVic]

=
=
=
=

LHCf {5=7TeV
Gamma-ray like
BB <n< 890, 0 =20

Everits/M /GeV

R [}

o
o, | Lt u-'h:-:n?"'* - -
ekl mror - e 3

3= ] |!

A00HD 3500
Energy|Gey]

(Phys. Lett. B 703 128-134 (2011))
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i.".."'l" '.' all i i .- -. A L =
1000 2000 3000 ’ 1000 200 3000
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e Photon analysis and ° analysis compensate each missing information. Photon Pt analysis can
- High energy photon originates from large Pt 1% events. connect each

- Photon spectrum includes a contribution from other hadrons/baryons. measurement.
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