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Very high energy p-A collisions
above our heads
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Hadron interactions at ultra high energy
Accelerator © Cosmic rays
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» LHC, Tevatron, SppS and RHIC can verify interactions at 1014 ~ 107 eV
> Low E extension (TALE, HEAT) plan can verify 101’eV shower .
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cut-off
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confirmed ? But..
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inferaction Inelastic cross section
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Very forward : Majority of energy flow (~/s=14TeV)

Multiplicity Energy Flux
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Most of the energy flows into very forward
( Particles of X; > 0.1 contribute 50% of shower particles )

Need to measure EM component at n~8 7
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Setup in IP1-TAN (side view)
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The LHCf detectors L

calorimeter < » calorimeter
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Calorimeter performance

400 GeV photon 1 TeV Neutron

Gamma-rays (E>100GeV, dE/E<5%)
Neutral Hadrons (E>a few 100 GeV, dE/E~30%)
Neutral Pions (E>700GeV, dE/E<3%)

Shower incident position (170um / 40um for Arm1/Arm2)
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Brief history of LHCf

Jul 2006
May 2004 LOI construction Jan 2008
Installation
Feb 2006 TDR N |
June 2006 LHCC 1| S
approvea Aug 2007
SPS beam test N
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Acceptance of LHCf
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LHCT single y spectra at 7TeV 503 pow) 128134
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LHCT single y spectra at 900 GeV  pig 715 2012) 298-303

May2010 900GeV data ( 0.3nb-1, 21% uncertainty not shown )
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LHCf 7TeV = analysis
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LHCf rt! PT SpeCtra at /TeV eross 2012) 092001

SIBYLL 2.1 EPOS 1.99 PYTHIA 8.145

DPMJET 3.04

10!

inel

1/o,_ Ed’c/dp® [GeV?c?

.
=
L]

LHC Vs=7TeV 10 -

8.9<y<9.0

—e— Data 2010
—— DPMJET 3.04

_[Ldt=2.53+1.gunb"'

1/6, , Ed’sldp’ [GeV2c?)

— - QGSJET 1103 -
10° SIBYLL 2.1 .
~ .- EPOS 1.99 E
— -~ PYTHIA 8.145
1ﬂ_q.ﬂ.q..ﬂl1....ﬂlﬁ....l....l....l....
0 PrlGeV] Pl 06

Ed°a/dp’ [GeV2c?

inel

1o

LHCf Vs=7TeVn® 4
94<y<96 :

ILdt=2_53+1.90nb'1'

paal

ail L i

L e A R I AT S T T oI
ik LHCf {s=7TeVn® 4L
= 9.0<y<9.2 @
e _[Ldt=2.53+1.gnnb'“ oS
107 1 %
! o
m_
102 - ;EE
- =
G
10°F Je
E —
[ B
11:'-1.‘_ L -n|-1- L F 3 i | S | a0y | PRI R
0 P[GeV] 16 0.6
"""" [""""I""I"" &2
1 LHCf ys=7TeVn® 4L
9.6<y<10.0 13
JLdt=2.53+1.90nb'1' *“%
107 ? ﬂ‘E
18
102 5 ;?E
10° E|
pptlesac it v SR Aispbaas
0 PT[GeV] P, [GE 0.6

PA@RHIC @ 9Jan 2013

B S S LN B BT O T M S e AL 15 B
1 LHCf Vs=7TeV n° .
92<y<94 :
_[ Ldt=2.53+1.90nb ™'
107 "
107
10°F _-1.
* --:__
als s g o bisgsl L, ! . l_' .
10 01 0
0 PT[GeV] b, (66 06
LR Ry B I --|- ]
1E LHCf ‘5 7T‘EV E =
F 10.0<y<11.0 -
J Ldt=2.53+1.90nb ™'
107 —El
10 E
107 q
15-47 = e .I.-.I_I.:IIE..I._I-_I.-.Ih..FLEI.I_I..L_
0 P.[GeV] P, (G 0.6



Y.Itow, LHCf and pA forward at RHIC

Feed back to UHECR composition

Retune done for cosmic ray MC (EPOS, QGSJET II) with all the LHC input.
(cross section, forward energy flow, LHCT, etc.)
Uncertainty reduced from 50 gcm? to 20gcm?
( p-Fe difference is 100gcm? )
Detal reanlaysis of UHECR is also needed for conclusion.
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T.Pierog, S.Ostapchenko, ISVHECRI2012
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Next iIssue: Inelasticity~ O degree neutrons

» E-spectrum, n/y ratio
and also N,

» Important for X,

PA@RHIC @ 9Jan 2013

» Measurement of inelasticity at LHC energy
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LHCT future plan

2010 2011 2012 2013 | 2014 | 2015
| | I
0.9, 7 TeVI 8TeV | s 14TeV
| | | | | i
—T I Detector C;E. - Detector ‘;'9. e ol
LHCF | upgrade 2 LHCf| upgrade ‘g”z LHCT II ‘ s

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.
A new measurement at RHIC O degree
Under discussions for 500GeV p+p and d + light-A (or p-A?).

Far future (>20207) p-N and N-N collisions at LHC ?

22
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0-degree measurement for A-A, p-A

AlIr i1s not actually Hydrogen but mostly Nitrogen !
CRs are mostly protons but maybe Fe for >10%°%eV ?

Can we estimate p-N / Fe-N from p-p data for very
forward regions ?

How we can extrapolate to 102%eV ?

We need to understand
nuclear modification in th very forward region and low p;
Its A-dependence and energy dependence

® Forward data for p-p, p-N and p-Hl
® Forward data for Fe-N and Fe-HlI
@® These data at various energies 2
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PA@RHIC @ 9Jan 2013

Nuclear effects for very forward region

AIr showers take place via p-N or Fe-N collisions !
Nuclear shadowing, final state interaction, gluon saturations
Nuclear modification factor at O degree may be large.

Phys. Rev. Lett. 97 (2006) 152302
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LHCf p — Pb runs at V/s\,=4.4TeV (Jan2013)

Pb IP1
IP2 = — 1P8

p
2013 Jan / a month of p-Pb opportunity.
3.5TeV p +1.38TeV/n Pb (/s =4.4TeV)
Expected luminosity: 3><10%8cm=s, 6,,=2b
Install only Arm2 at one side (Si tracker good for multiplicity)
Trig. exchange w/ ATLAS for centrality tagging

» Requested statistics : Ncoll = 108 ( Lint = 50 ub )
e 2x10° single y | -
e 35000 70

 Assuming L = 10% cm?st
(1% of expected lumi)

. t= 140 h (6 days) !
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E spectra (proton remnant side )

Pb

4

PA@RHIC @ 9Jan 2013
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Future p-N and Fe-N in LHC ?

LHC 7TeV/Z p-N and N-N collisions realize the
laboratory energy of 5.2x101%eV and 3.6x1017eV,
respectively (N: Nitrogen)

Suggestions from the CERN ion source experts:

LHC can in principle circulate any kind of ions, but switching ion
source takes considerable time and manpower

Oxygen can be a good candidate because it is used as a
‘'support gas’ for Pb ion production. This reduces the switching
time and impact to the main physics program at LHC.

According to the current LHC schedule, the realization is not
earlier than 2020.

New ion source for medical facility in discussion will enable even
Fe-N collisions in future
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“RHICf” . Possible RHIC O-degree runs

| Advantage of RHIC
p-p: /s =500GeV Lower energy data point
Just below LHC (E.~5E13eV) Acceptance for |
Flexible operation (energy, ion)
A-A /Sy =200GeV P-N, N-N, Fe-N, etc.....

Au-Au, Cu-Cu or even lighter ? Z
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"RHICT” . n acceptance for 100GeV/n d-N MC
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Summary

UHECR needs accelerator data to solve the current enigma,
and may also hint QCD at beyond-LHC energy.

1017-1013eV is an unique overlap region for colliders and
UHECRS

LHCf provides dedicated measurements of neutral particles
at LHC 0 deg to cover most of collision energy flow.

E spectra for single gamma at 7TeV and at 900GeV.
Agreement Is “so-so0”, but none of models really agree.

PT spectra for 7TeV n®. EPOS gives nice agreement.
(Cold) nuclear effect must be tested by p-A at Odegree
_HCf p-Pb run in Jan 2012
RHIC pp, pA, AA runs are feasible opportunity.

_HC light ion runs would be possible but far future.

30



Y.Itow, LHCf and pA forward at RHIC PA@RHIC @ 9Jan 2013

International Workshop on

“High-energy scattering
at zero degree”

2nd - 4th March, 2013
KMI, Nagoya University

U ® Diffraction and very forward p-p and p-A scatterings

Yoshitaka Itow (Nagoya) ® Forward and ultra peripheral A-A scatterings

K | Itak KEK . . ]
Yﬁjzi‘gg’{(') b ”ra(‘ngken)) ® Spin asymmetry at very forward in polarized p-p

Takashi Sako (Nagoya) scatterings
Eggtshﬂgﬁg; (@éﬁ%ﬂ%d) ® High energy cosmic ray interaction models
Yuji Yamazaki (Kobe) ® QCD aspects In very forward scattering

Workshop site will soon open. Check “topic” in http://www.gcoe.phys.nagoya-u.ac.jp/index_&.htmi
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Backup

32
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Beam Related Effects ' ™~.__

0E

Pile-up (7% pileup at collisio |
Beam-gas BG
Beam pipe BG *

0.6
0.5 5 Lo L |
So 1000 1500 2000 2500 I000 3500

Beam position (next slide) == e :

MC w/ pileup vs w/o pileup

. . . - — L
500 1000 1500 2000 2500 3000 3500
Energy(GeV)

FileUp/NonePileUp
[T AR A |
g %
:
an
=
=
T

Gamma-ray @ 25mm

10—

1D3: i

— Signal:From p-p

dN/dE [/100GeV]

— BKG:From p-pipe

1D? :

P P | A N O N P R T o -
500 1000 1500 2000 2500 3000 3500 4000 = EII'J 1l:Ill] '1 ;_:,ﬂ 2!‘.Ilﬂ 25'0 360 éﬁ[.‘r 4Dﬁ 450 ﬁﬁﬂ
Energy [GeV] Energy[GeV]

Crossing vs non-crossing bunches Direct vs beam-pipe photons 33



Y.Itow, LHCf and pA forward at RHIC

Where iIs zero degree?
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LHCT calorimeters

Arm#2 Detector Arm#1 Detector
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Event sample (n® - 2y)

Longitudinal development measured by scintillator layers
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Forward production spectra vs Shower curve

Pion x-distribution at 10'7 eV pp interaction
1 do , R , R 16408

1017 eV proton induced showers

r—hk———t e - ettt S R R —
Tin 42 Artifitial two examples 1
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0.1 ¢ 1407 |

I ]| —

Ne (Number of Electrons)

18406 i | | | i ‘ i
0.001 i i I (R S I i i S S S S 200 300 400 500 500 700 8OO Q00 1000
0.01 0.1 1

Lem XF = E/Etot Vertical Depth (g/(’mz)

Half of shower Measurement at
particles comes very forward region
from large Xg y I's needed .
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Parent n° pseudorapidity producing
ground muons

le+06
[ p10717eV: eta dist. at fifst col. which finally gave nu at 875'g/cm2
100000 |- i}
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E -
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P i
=
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> 100 | _
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1[]' [— -
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0.1
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eta-cm 38
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The single photon energy spectra at O degree at 7/TeV
DATA (O.Adriani et al., PLB703 (2011) 128-134

15 May 2010 17:45-21:23, at Low Luminosity 6x10%cm2s' no beam

crossing angle
0.68 nb-1 for Arm1, 0.53nb-1 for Arm2
MC

DPMJET3.0 , QGSJETIIO3, SYBILL2.1, EPOS1. 99
PYTHIA 8. 145 with the default parameters. *

107 inelastic p-p collisions by each model.
Analysis

Two pseudo-rapidity, r>10.94 and 8.81<<8. 99'.‘.;-.

No correction for geometrical acceptance. O theta )

Luminosity by FrontCounter (VdM scan) @ | @

Normalized by number of inelastic collisions ’

with assumption as ¢ .., = 71.5mb. Arml Armz2
(c.f. 73.50.6 "8 mb by TOTEM)
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New 900 GeV single y analysis

0.3nb! data (44k Arm1 and 63k Arm2 events ) taken at
2,3 and 27 May, 2010

_ow luminosity (L~10248 typical,1 or 4 xing), negligible
nile up ( 0.05 Int./xing ).
Relatively less n-dependence in the acceptance.

Negligible multi-incidents at a calorimeter (~ 0.1 y
(>50GeV) /int.)

Higher gain operation for PMTs. Energy scale
calibration by SPS beam, checked W|th n¥in 7TeV data.

= = 180F s [ rr rrTTTTT i

O 5 160 y-l|k9__padron-llke §D~D5?DATA1 M:139.84MeV -

8 [Z] 140E- 2 C DATA2 c: 3.83MeV |
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— - - T g. 2.39MeV -

lqe] 801 )
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E 0F 0ot w/ normal&high gain
201 I =

< of =S T T T - 2 S RN : 40
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LHCfy / n° measurement  ~_ Teeismee
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LHCf i P, spectra at 7TeV (data/MC)

SIBYLL 2.1 EPOS 1.99 PYTHIA 8.145

MC/Data

MC/Data
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EPOS gives the best agreement both for shape and y|eId
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LHCT type-I #° analysis
Low lumi (L~5e28) on 15-16May, 2.53(1.91) nb! at Arm1
(Arm?2). About 22K (39K) =° for Arm1(Arm2) w/ 5%BG.

For Ey>100GeV, PID (y selection), shower leakage
correction, energy rescaling (-8.1% and -3.8% for Arm1&2).

(E, P;) spectra in +-3c n® mass cut w/ side band subtracted.
Unfolding spectra by toy n® MC to correct acceptance and

resolution
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Average P- of nt°
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Comparison of
DPMJET 3.04

PA@RHIC @ 9Jan 2013

Data/MC ratio at two energies
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