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HECR OBSERNVATIONS (1I0NYEARS AGO AND Now)
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v Now Auger, HiRes (final), TA indicate cutoff
v Absolute values differ between experiments and between methods
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ESTINMATE OF PARTICLE TYPE (X, )

- y ‘ow - —
€ ssof ~SIBYLL21 e e
g' - —QGSJet0ic : L FOSEVL -~
2 00 -qeSJetil3 ot «t  Preliminary
" [ == EPOS 1.61 et ]
\ 750 e LT v
E Ty ol e R S - 800 |-
» gans s T [ TRTE el
v 700 ;.s» o
650 e e Auger (PRL2010) ™
B »  HiRes (ApJ 2005)
__-.-“o“ ° M'e ool
e s Fly’s Eye TA
B T T Proton and nuclear showers
sw L 1 1
Energy [eV] " oot " ”wame total energy
E ~10% eV

Energy deposit [PeV/g/cm?]

v X, Eives information on the primary particle

Courtesy P. LIPARI v' Results are different between experiments

v Interpretation relies on the MC prediction and
has quite strong model dependence

Energy deposit [PeV/g/cm?]

Energy deposit [PeV/g/cm’]

Depth [g/cm’]
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ESTINMATE OF PARTICLE TYPE (X, )
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LHCF €XPERINMENTAL SET-\UP

Detector Detector
_ARM2 TAN TAN __ ARM1
=Ty — * — (=
. N . N 6mm
Pomm T 1a0m LHCIPl “—5—

Detectors installed in the TAN region, 140 m away from ATLAS Interaction Point (IP1)

x Here the beam pipe splits in g+ %
2 separate tubes. ..

x Charged particle are swept
away by magnets

x We cover |n|>8

Protons

Front Counters: thin scintillators with 8x8cm?
acceptance installed in front of each main
detector

Bearn pipe
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ARM] & ARMZ DETECTO RS 4 pairs of scintillating fiber

layers for tracking purpose
(6, 10, 32, 38r.l.)

4 pairs of silicon microstrip layers
(6,12, 30,42 r.l.) for tracking
purpose (X and Y directions) Absorber

22 tungsten layers 7- 14 mm
thick (2-4 r.l.) (W: X, = 3.5mm,
Ry = 9mm)

2 towers 24
their edges g
another ator layers

1 .
0 ngl mm thick

LOWer-25C
25 emx 2.5 ¢m ST Trigoer and ener
UPper: 3.2 eom x 3. gy - Expecled Performance i orofiT Measurements

Energy resolution (> 100GeV)
< 5% fory & n°, 30% for neutrons
Position resolution RENOBLE, 21-27 JULY 2011

< 200um (Arm#1), 40um (Arm#2)



HOW LHCF CAN CONTRIBVUTE?

LHC gives us the unique opportunity to measure hadronic interactions at 1017eV

%,:_’: ::2 ;MAA%AAAA Fluxes of Cosmic Rays 60:
£ b ™, , [
‘_g 10 & A\ <« (1 particle per m*—second) 40[-
10_45_- 0\\0\ 20:
e COSmIC rayspectrum o
-10:: \0‘?0 -20:
.
Ny SPS %, com |
Tevatron =» Forward region is very effective
on air shower development.
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LHCF OPERATIONS @900 GeV & 7 TeNV

With Stable Beam at 900 GeV Dec 6% - Dec 15t 2009
With Stable Beam at 900 GeV May 2" - May 27t 2010

Shower Hadron

46,800 11,527
66,700 26,094

With Stable Beam at 7 TeV March 30% - July 19t 2010

We took data with and without 100 urad crossing angle for
different vertical detector positions

Shower Gamma Hadron no

Arml 172,263,255 56,846,874 111,971,115 344,526
Arm2 |160,587,306| 52,993,810 104,381,748 676,157
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DATA §€T FOR INCLVUSIVE PHOTON

SPECTRVUNM ANALVYSIS

 Data

— Date : 15 May 2010 17:45-21:23 (Fill Number : 1104)
except runs during the luminosity scan.

— Luminosity : (6.5-6.3)x10%8cm=s1,

— DAQ Live Time : 85.7% for Arm1, 67.0% for Arm2

— Integrated Luminosity : 0.68 nb™ for Arm1, 0.53nb* for Arm2

— Number of triggers 2,916,496 events for Arm1
3,072,691 events for Arm?2

— Detectors in nominal positions and Normal Gain

 Monte Carlo
— QGSJET 11-03, DPMJET 3.04, SYBILL 2.1, EPOS 1.99 and
PYTHIA8.145: about 107 pp inelastic collisions each
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ANALYSIS WORKFLOW

1. Energy Reconstruction

Leakage-out Function __Leakage-in Function

22
Depth[R.L.]

10 15

/
3. LIa\/IHI’[i—Hit rejection 4. Acceptance cut
s = T aba  Small Tower
A\ [ IM|>10.94
g Large Tower
8.81<|n|< 8.99
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SYSTENMATIC \UNCERTAINTIES

Main systematic uncertainty due to energy scale

v'Energy scale can be checked by m°
identification from two tower events.

v'"Mass shift observed both in Arm1 (+7.8%) and
Arm2 (+3.7%)

v"No energy scaling applied, but shifts assigned
in the systematic error in energy

Uncorrelated uncertainties between ARM1 and

ARM?2

- Energy scale (except nt® error)

- Beam center position

- PID

- Multi-hit selection

Correlated uncertainty
- Energy scale (x° error)
- Luminosity error
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M = 6V(ExE,)
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CONMPARISON OF ARNMI AND ARN2 SPECTRA

>10-3IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
S

Z.%’ 10 LHCf\/s=7TeV

% . Gamma-ray like

0 " o
g n>10.94, Ap = 360

—@— Arm1, Data 2010, f Ldt=0.68nb™

“ Arm1, Systematic uncertainty

Arm2, Systematic uncertainty

500 1000 1500 2000 2500 3000 3500
Energy[GeV]
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Events/Nine/GeV

- Multi-hit rejection and PID correction applied
- Energy scale systematic not considered due to
strong correlation between Arm1 and Arm2

10-3|||I||||I||||I||||I||||I||||I||||I
10° LHCf\'s=7TeV

< Gamma-ray like
10 8.81 <1< 8.99, Ad = 20

—r
<,
[=2]

107

| Arm1, Systematic uncertainty

—e— Arm2, Data 2010, f Ldt=0.53nb™

Arm2, Systematic uncertainty

500 1000 1500 2000 2500 3000 3500
Energy[GeV]

Deviation in small tower:
still unclear, but within
systematic errors
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COMBINATION OF ARMI AND ARNM2 SPECTRA

I Error bars : statistical Error
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COMPARISON BETWEEN NMODELS
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T SPECTR\UUN ANID AIR SHOWER

dn/dx/ev £0-1012 ev nnge' ____AS transition curve
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PT DISTRIB\VTION DEPENDENCE

Ratio [High Rapidity] / [Low Rapidity]

for LHC DATA [dN (E, dN~, (8.81 < n < 8.99]
DE S ] dE 8.81<n<8.99 dN, [all ]
5F .

VoI
= 4f
= [dN7 (= o N5 [n > 10.94]
% 3 _
zZ I
7,0 dE, 7>10.94 dN7[all 7l
27
Z 1L
: . . . . . E Directly relevant et
0 T distribut
05 10 15 20 25 3.0 for UHECR shower cﬁepelllsden(::e ton
Ey (TeV) development

The pT distribution a sqrt[s] = 7 TeV is not a Gaussian

of energy independent width. 6:
. 55
5 Gaussian D\Z 4:
r <pr> =04 GeV v L
of <pr>=0.5GeV %z
<pr>=0.6 GeV % 3t
3' Data 3 § ’,I
g Courtesy P. LIPARI Tl
L “Interplay of LHCf data with * '}
w5 HECR Physics Workshop,  of e oo e e
E (TeV) Catania, July 6 2011 E. (TeW)
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LHCF FA\VT\VRE PLANS (1)

2010 2011/2012 2013
HC_T7TeV ;5 ishutdown !
| ! ; :
Ju I ' % | I —
Detector 8 > 2
upgrade _q% LHCE-HI .q%
2011-2012: Detector upgrade - &= e
= Replace plastic scintillators with Rad Hard GSO
= Modify the silicon layers positions to improve silicon-only BTGy R it o Y o y<16)
energy resolution ]
= Test beam at SPS to calibrate Arm1&Arm?2 — 10 s A 4
= Improve the dynamic range of silicon °‘§ ‘:' :
2011-2012: New analyses s : ; 8 .
* n° measurement & | . 8Silicon Layers 6 6 12 12 18 26 34 42 X,
* p; spectra & & Siicon Lavers oo
* Hadron spectra 1 o Sontiistorigyers
°n, ko, A? 1ozGamma-ray Ener;)‘()?‘[GeV]
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LHCF F\VT\VRE PLANS (11)

2010 2011/2012 2013
LHC 7Tev | ) I shutdown
3l ' = i
——Jp  Detector 1 =g
upgrade ‘s LHCF-HI
o
2012-2013: p-Pb runs?

= Interest in lon runs (better if light ions)
= Physics case study is on going
= |LHC lon run and/or RHIC

= Discussion on going with LHCC, LHC machine,

ATLAS about reinstallation during p-Pb run (endl
of 20127?)

= Discussion about possible data taking at RHIC o e P —
2014-2015

= Re-install Arm1&Arm2 at LHC when the energy wil
be raised to 13/14 TeV
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CONCLVSIONS

 LHCf Inclusive photon analysis has been completed
* Many detailed systematic checks

* First comparison of various hadronic interaction models with experimental data in the most
challenging phase space region (8.81 <1 <8.99,n > 10.94)

* Large discrepancy especially in the high energy region with all models

* Implications on UHECR Physics under study in strict connection with relevant theoreticians and
model developers

* Other analyses are in progress (hadrons, P- distributions, different | coverage...)
 LHCf was removed from the tunnel on July 20, 2010

 We are upgrading the detectors to improve their radiation hardness (GSO
scintillators and rearrange silicon layers)

* Discussions are under way to come back in the TAN for the possible p-Pb run in
2012 (LHCC, Alice, LHC, Atlas etc.) or at RHIC for lower energy p-ions runs

*  We will anyway come back in LHC for the 14 TeV run with upgraded detector!!!!
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THE LHCF COLLABORATION
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KEY MEASUREMENTS

E leading baryon Forward spectra
Cross section Elasticity / inelasticity  (Multiplicity)

ALESSIA TRICOMI EPS-HEP 2011, GRENOBLE, 21-27 JULY 2011



KeY PARANMETERS FORTHE DENVELOPMENT OF
THE SHOWERS

: o Inelasticity/Secondary
Total cross section Multiplicity

particles
3700 r .5— 5.500 E I QO.G E
Egso [ peAir | Sas0 [ p+AIr |ni<25 Il Sos5 [ peAir

2 L, 2 Fr| 27 F
. 5400 |- I 7| o5 |
E ) QGSJETII ' :
350 |- ] 045 |
- ——  EPOS 1.99 1] E
300 17 04 [
- .-~  QGSJETO1 d i
250 |- Iy 0.35 |
S SIBYLL 2.1 1"’ g
200 [ ¢ 03 [
- ,.I -
150 |- 17 0.25 |-
= CJ e® -
100 [ ’,."‘ 02 [
[ ,... -
50 F 32 0.15 [

= | | | l | [ | 8 | | | | |

0 3 5 ¢ 01 l 3 l l 5 6
10 10 10 10 10 10
E,,. (GeV) E,,. (GeV) E,,. (GeV)

Predictions of the hadronic interaction models most commonly used in the UHECR simulation

Big discrepancy in the high energy region !!!
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MODEL \IUNCERTAINTY AT LHC ENERGY

n° energy spectra at E_ =2.5x10"°eV o ° energy flow at\'s=7TeV pp collision
% 10 : 1000:(:‘ /dX/GV — EO=10 ev orighist (Elab=2'SX1016°v)
S, T QGSJET woo || “shiftecchiet” — . 5 - QGSJET-II
z —— QGSJET2 ) B 230
- 1000 r4 r
s 1 —— DPMJET3 5 =
£ F ~ PYTHIA ool b & 25F Al 0
e+ —— SIBYLL -
10 10} N
| 20
i . i 3
g Very similar!? s 15
- o 100 g : ° (E>0.35TeV)
a3l 0 0.1 0.2 03 0.4 05 0.6 0.7 0.8 10 -
10 3 X L
E n 5_
L 5
:...I....I....I....I L [ﬂ”.|- 0‘; '2"'4 GIIISIIII1IO‘ 1lilL'1l4"
0 500 1000 1500 2000 2500 3000 3500 i
Energy (GeV) pseudorapidity
= i > 0
10 energy at \'s = 7TeV Forward concentration of x>0.1
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II° RECONISTR\VCTION

0
An example of t” events measured energy spectrum @ Arm2

Tor DE Tor T g
£ 25mm : | 32mm -
swu:- gwu: 104? %%
o - > F
..’ . 5 8 10°E // /%.
z. .a C— u [ u.u,.?‘ y A 8 S
. Silicon strip-X view = [
i 2 10°E
¥ s - /
- & 1ol . .
N _
0 | 1 I
"’ RN 77 s b bt
0 500 1000 1500 2000 2500 3000 3500
E_. [GeV]
Reconstructed mass @ Arm2
g g p——
Wsoo
600
O! . . m:— _—
* ¥ s are the main source of electromagnetic »
secondaries in high energy collisions. -
* The mass peak is very useful to confirm the
| detector performances and to estimate the P S s

%0 0 120 a0 180

systematic error of energy scale.




ANALYSIS FORTHE PHOTON SPECTRA

Analysis Procedure
1. Energy Reconstruction from total energy deposition
in a tower (corrections for shower leakage, light yield etc.)

2. Particle ldentification by analysis of the longitudinal shower
development

3. Remove multi-particle events by looking at transverse
energy deposit

4. Two Pseudo-rapidity regions selections, n>10.94
and 8.81<n<8.9

5. Combine spectra between the two detectors
6. Compare data with the expectations from the models
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ANALYSIS 1. - ENERGY RECONSTRVUCTION

v’ Energy reconstruction : E; ., = f2(dE)) (i=2,3,...,13)
( dE, = AQ, determined at SPS. f() determined by MC.

E : EM equivalent energy)
v" Impact position from lateral distribution

v Position dependent corrections
— Light collection non-uniformity
— Shower leakage-out

— Shower leakage-in (in case of two towers event)

D:2 T:1 S:0 2008-04-02
32mm/Mapping_32mm_S0_060720.txt

Raw Data Correction Function

.
G EEzZCH @E £ 1 By |
o HEBE « s « 52 oA HETEZ « 55 H
o HEEEEES S+ HEEEEESE
[ 1 HEE R RS
TEYREEEE S THESSEEE S
of B WS 5 EE S o BEEL L EE S
 HEESHEERN s & 4 HEHEEEE SN
s EASEERE AR L OHEEEE AW
0510152015Mx 0510152015Mx
Corrected Data
.
R EE Y s BEE
o 161 15 0 (4
o EE S EE S S
ol 5 5 = s
RO
of 5 W ol Ml 50 2 | =
f 2EEREEE s &
£ S EEEEEEE 1 . . . .
e -+ Light collection nonuniformity
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Leakage-out Function
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Shower leakage-out

Leakage-in Function

0 5 10 15 20 25 30
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Shower leakage-in
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ANALYSIS 1. - ENERGY RECONSTRVUCTION

v" Energy scale can be checked by n° identification from two 2 . ; J
tower events. :r %

v Mass shift observed both in Arm1 (+7.8%) and Arm2 soof_ Arm2
(+3.7%) : Measurement

400~ -

v" No energy scaling applied, but shifts assigned in the

systematic error in energy 2001 3 .

%0 100 120 140 160 18 200
Mass [MeV]

A

Arm2 MC _

200~ -

gyl %ﬂ”’»ﬂmm

%0 100 120 140 160 180 20
Mass [MeV]

M = 6V(E,xE,)
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ANALYSIS 2. - PARTICLE IDENTIFICATION
\.

PID criteria based on transition curve
::o'zsij'l'g-?l""l""l""l""I""I""I""I""_
E - LHCf\s=7TeV —— Arm1, Data 2010, f Ldt=0.68nb" |
=g - 500GeV <E, . <1TeV .
o - 1>10.94,Ap=360 | | Arm1, QGSJET2(Gamma) _
2 0-2__ [ ] Arm1, QGSUET2(Hadron) B
3 00 GeV <Eq..<1 TeV %Y
S 0.15 . G730 20 30 40
i + ] Depth[R.L.]
w i + ) \ /
0.1 .
- ] MC/Data comparison done
0.05- N In many energy bins
] *QGSJET2-gamma and -hadron are normalized to
i N\ data(/collision) independently

llllllllll lI llll lL_llll_] 1110
°o 5 10 15 20 25 30 35 ng[ I4]5 * LPM effects are switched on
r.l
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ANALYSIS 3. -MVULTI-HIT IDENTIFICATION

Reject events with multi-

peaks

= |[dentify multi-peaks in one tower by position sensitive layers.
= Select only the single peak events for spectra.

Layer:0Y

£ i
51000:—
g I

soof-

o e — N
0 50 100 150 200 250 300 359!8trlp
Deto&;t:on Efficiency for single gamma-rays @ 25mm

g Single hit

£, ~wﬁmn[i”” T detection

Fa efficiency

Boss

80.91

0.96

EPEPE BPEPEEPE PEPETS PEPETETE BT |
500 1000 1500 2000 2500 3000
Gamma-ray Energy [GeV]
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Double hit detection efficiency

E 'Small tower a Large tower. ‘

04 ~ e Data ] 0.4 e Data N
02[ -~ MC(EPOS) 0.2 — MC(EPOS) A ] 1
1 1 c 1 1 1 I 1 lrrTl?
mm mm
>1.00 T =
g o gLt ] 199 S TEERET
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§ § 094k =
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ANALVYSIS 4. - ACCEPTANCE CVUT

We define in each tower a region common both to Arm1 and Arm2,
to compare the Arm1 and Arm2 reconstructed spectra.

Our final results will be two spectra, one for each acceptance region,
obtained by properly weighting the Arm1 and Arm?2 spectra
R1=5mm

R2-1 = 35mm

R2-2 =42mm

0 = 20°

For Small Tower
n > 10.94

For Large Tower
8.81 <1 <8.99
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R&D FORTHE DETECTOR \UPGRADE

Scintillating Fibers
Plastic scintillators (EJ260 = GSO bars

= GSO scintillators Imm/E 20mm

Radiation damage
Bxt® measured by lon beams

1.2r
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‘!1!‘11 ‘. g L (1]
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L o w |00 o 120 130 we |50
1 i 1 ' of P
1
C | GSObelt FVP+ESR | GSObelt FVP+ESR
Entries 380
< 90 Moan 3721
0.8 S RMS 1764
® a0 k 22 1 nat 1221111
F Constant 2184+ 231
C — 7o MIP pea MPY 4,547 = 0.237
0.6~ GSO_2 soE- Sigma 1,001+ 0,110
L — GSO_1 sof-
0.4 :
» 40:—
L 305
0.2 E
" 200
L 105
o_u.uunl 1 |||n||] 1 |un||l 1 nmul 1 |nuul_1_._um E
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NEW SILICON LAYERS ARRANGENMENT

CIC)

Resolution [%)]

Energy Resolution for gamma-rays

-
o

Cut c_>f hit postiion (_4<_x<16,4_<y<1.6) |

A 2 Silicon Layers (current conf )
W 8 Silicon Layers | EEEEE

0 16:Silicon Layers: @ @ @ i
@ Scintillator layers, | | | | | ||

10 10°
Gamma-ray Energy [GeV]




Fixed scintillation
L=CxRg.; convergiQ
coefficient'Gali

during Vd




CALORINMETERS VIEWED FROM [P

O crossing angle 100urad crossing angle

e A

[urad]

310 17 8.7
Of o0

Projected edge
of beam pipe

Geometrical acceptance of Arm1 and Arm2

Crossing angle operation enhances the acceptance
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LUMINOSITY ESTIMATION

Luminosity for the analysis is calculated from Front Counter rates:
L =CF xR,

The conversion factor CF is estimated from luminosity measured
during Van der Meer scan

10°

N
Ly =n.f =
VDM b ‘
Icv 2 ()_x()_y
Beam sizes o, and o, mea
directly by LHCf

BCNWG paper

https://Ipc-afs.web.cern.ch/Ipc-afs/tmp/
notel v4 lines.pdf
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ESTINATION OF PILE \VP

When the circulated bunch is 1x1, the probability of N collisions per

Xing is )\.N CXP[—)\.] . Lo

N! ~  fu
The ratio of the pile up event is
p _PIN=2)_ 1-(1+A)e™”
PIet - P(N =1) 1—e™
The maximum luminosity per bunch during runs used for the analysis
is 2.3x10%8cm=s1
So the probability of pile up is estimated to be 7.2% with o of 71.5mb

Taking into account the calorimeter acceptance (~0.03) only 0.2% of
events have multi-hit due to pile-up. It does not affect our results

P(N) =
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BACKIGRO\UNDS

1. Pileup of collisions in one beam crossing =
= Low Luminosity fill, L=6x1028cm=2s1 £
= 7% pileup at collisions, 0.2% at the detectors. DAY
2. Collisions between secondary's and beam pipes g
= Very low energy particles reach the detector (few % at 100GeV)
3. Collisions between beams and residual gas e —
= Estimated from data with non-crossing bunches. :“_'_','1'::5'9
=2 <0.1% e
Beam-Gas backgrounds Secondary-beam pipe backgrounds
su 103 ...... ........... ......... e s e . 104 3 - - - - - - :
(89 102 - ; # Non-Bunch Crossing || : \R
W 10k mni et M CHRPRRNN SPN . = _ nal:From
g s : : - N.b' - E s "
- JY SRR SRR SR S S "-q. ......... - 02 —— BKG:From p-pipe
102 f oo e — .“ E_
500 1000 1500 2000 2500 5009 3500 4600 e e Sar 400 2%C

50 100 150 200 250 300 350 400 450 500
Energy[GeV]

Energy [GeV]




BEANM CENTER MEASNJREMENT

= Horizontal Arm2
- - L\ s
£ _© Black: BPM(B1)- 0.0mm i Chi2
z — 3
: Menu Yiew < = Blue: LHCf Arm2 horizontal ‘ o
Menu  Wiew Accum 10000 | accum Al - 4=
Accum 10000 | Accum Al | © E :::
B - {
s OE P4 3 R —
g 2 { L =1
5 - [ i %
o 1= 4 i
o -
0F i
-\ . e t' 0.0mm offset (Chi2=18/9)
| _ Boso 1090 M0 410 1120 30 140
i e Beam center LHCf vs BPMSW ! Number
Position dependence of the glmma'lpoctt;lm Poﬂ;t'm dependence of the g.nmvmat:'m
I-h}ﬂ{a;;l:ilﬁgn:c::a g : T‘(Km § :: -| -~ x40,1(KDE) }' l
¥ Position : .3 ' — y+0.1(KDE) 8 e \
L . o z |
LHCf online hit-map monitor “ -
 Fluctuation in HE lS ::
probably statistical 0s i
500 1000 1500 2000 2500 3000 3500 0555051000 1300~ 3000 38063000 5860
Energy(GeV) Energy(GeV)

Effect of 1mm shift in the final spectrum
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S~1.5E
UNCERTAINTY IN STEP.2
21.3; —e— Method A
v Imperfection in Ly, distribution S
g T
. Lgge,(900 GeV:Em<1000 GeV) go.; ;:::,w*”"‘" *1?,*:*%*% +
£ .0 Template fitting A 8~ ,
g - = (= / ﬁo.s:
g | [ o7
oo} \ || Original method ost
a0l I \ 055007000 7500 2000 2500 3000 3500
3ooe [I \\\ // \\ Energy(GeV)
ot LN T g/P from two methods
- ./,<;5 g RN, (Small tower, single & gamma-like)
Lg,;;(soo GeV <E__< 1000 GeV) §1 o
£ A A 214 | o
2 ol [ [ g2 |
P \\ // \\ o'
s Artificial modification in 2 h--ooms /\/\ o
oo | \ / \\ peak position (<0.7 r.l.) °M::[¥' - '\:\ N
2000 L\ 7 | | and width (<20%) ]
- Tem 'lat \“\’ZLLing B \\ osf
ft DIAPIC O TN L 6500~ 7000 7500 2000 25003000 300
Lggei(1r.1) (S/P) B/ (S/P)Energy(GeV)
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UNCERTAINTY IN STEP.3
v’ Fraction of multi-hit and Ae,, i gatamc

v’ Effect of multi-hit ‘cut’ : difference between Arm1
and Arm2

N

Sgst. uncertaints to sinﬂle-—like 2 18E LHONG-TTev i 18 LHONG-TTev

p - 18~ Gamma-ray like : 18 Gamma-ray like -

' ;’ 14 n>10.94 - ;’ 14 8.81<n<8.99 —f

g 3 E 3

@ 12 @1 _

i ;

Arm] | o . {1 “ecom.n ; : o E
oA E>20Tel) : ->30% [ 3

06 E

04 x

25mm Tower
T T T T

0.2%+1%*(E[TeV]-1.2TeV) = 1
o L3
Arm2 ° ' 1
0.
06
04
: 0
E [GeV]
] EnergylGeV] EnergylGeV]
Effect of Ae,; to single photon spectra Single / (single+multi), Arm1 vs Arm2
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SPECTRAL DEFORMATION

v’ Suppression due to multi-hit cut at medium energy

v’ Overestimate due to multi-hit detection inefficiency at
high energy (mis-identify multi photons as single)

v No correction applied, but same bias included in MC to

be compared Srmall
A 0O 15— ;
LLI i i :
o 1.
= 1.14f-e i
D [ | S— :
TRUE >
MEASURED F e
0.7« 0f
> 0.6
True: photon energy spectrum () T U FU P BT B
. 0 500 1000 1500 2000 2500 3000 3500
at the entrance of calorimeter Energy
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SVSTENMATIC €ERROR FROM ENERGY SCALE

Two components:
- Relatively well known: Detector response, SPS => 3.5%
- Unknown: t® mass => 7.8%, 3.8% for Arm1 and Arm2.

Please note:
- 3.5% is symmetric around measured energy
- 7.8% (3.8%) are asymmetric, because of the x® mass shift
- No ‘hand made’ correction is applied up to now for safety

Total uncertainty is
9.8% / +1.8% for Arm1
-6.6% / +2.2% for Arm?2

Systematic Uncertainty on Spectra is estimated from difference
between normal spectra and energy shifted spectra.
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£ 70 NAASS

>
1800~ LHCf-Armi\s=7TeV
:;..”1600:—
I%1400?— h Arm1l
1200F .+ Data * Disagreement in the pe_ak p_ositioq
1000 ¢ e * No ‘hand made correction’ is applied for safety
8001 * ¢ » Main source of systematic error - see later
- ', Peak at
600 .
- PO 145.8 + 0.1 MeV
400:— . -
2001 ;- 718%shift Many systematic checks have been done to
e T TR T Ty B understand the energy scale difference
Invariant maccelMeaV1
2] ' ' R @wao0F T T T T T T
5 A 5 Arm2 MC ;
iiggo|- w ]
(QGSJET2):
6001 Peak at i
135.0 £ 0.2 Me\
4001 3.8 % shift
200 —
B0 100 120 140 160 180 . 200 R R 7 e T T
Mass [MeV] Mass [MeV]
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7% NMASSVS ° ENERGY

102

7° Mass [MeV]
—
(o]
<

1601 48  Am2 Data
- = 1810 No strong energy dependence
140 - of reconstructed mass
120 —
i 181
1001 -
soL = i N
0 500 1000 1500 2000 2500 3000

° Energy [GeV]
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N MASS

Arm2 detector, all runs with zero crossing angle

True n Mass: 547.9 MeV

MC Reconstructed n Mass peak: 548.5 = 1.0 MeV

Data Reconstructed n Mass peak: 562.2 + 1.8 MeV (2.6% shift)

1 mass

Events
N
(4]

450 500 550 600 650 700
Rec. Mass [MeV]
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EFFECT OF MASS SHIFT

v" Energy rescaling NOT applied but included in energy
error

v'M,,, =0 V(E, X E,)

—(AE/E),, = 3.5%
—-NAB/0 = 1%
_(AE/E)Ieak—in = 2%

=> AM/M = 4.2% ; not sufficient for Arm1 (+7.8%)

+3.5% Gaussian probability

/\ +7.8% flat probability
_ﬁ_ Quadratic sum of two errors
B —> is given as energy error
135MeV  145.8MeV (to allow both 135MeV and
(Arm1 observed) observed mass peak
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TTO NMASS SHIFT IN STUDY

Reanalysis of SPS calibration data in 2007 and 2010 (post LHC) <200GeV
Reevaluation of systematic errors

Reevaluation of EM shower using different MC codes (EPICS, FLUKA,
GEANT4)

Cable attenuation recalibration(1-2% improve expected)
Re-check all 1-2% effects...
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SUMNMARY OF SNYSTEMATIC €ERRORS

Arm1, Small tower Arm1, Large tower
: : [ = Energy scale
- = PID

[ ——— Multi-hit

[ = Beam position
S ——Total f

[ = Energy scale
- —— PID +
[ —— Multi-hit i
N = Beam position
5f — Total

=

Py

o

Systegmtic error
o

(=]

Systematic error
o
[4,]

| B
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-0.5;- ------ B -Eq:;:l 4).5;
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P FUPI FPTE POV PR PO PP VP PP PR PR PP PO PP
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Arm2, Small tower Armz2, Large tower

— Energy scale
— PID

= Multi-hit

— Beam position

— Total :
Il

=
T L

Syste;natic error
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Systematic error
&
o
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Energy[GeV] Energy[GeV]
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I4TEN: NOT ONLY HIGHEST ENERGY,
BUT ENERGY DEPENDENCE...

SIBYLL QGSJET2
.5 .5 == .4/0[@
2 ol o o Ly
S F %3 Cr
S 10°F S 10°F lo
& F & (b5 Or ¢
% 10 g 10 est} aé&’)
S F 7TeV S F 7TeV
k= 105 g 10
e 10 TeV o E 10 TeV
i3 14 TeV (10YeV@lab i3 14 TeV
10"_ ] 10"—5...|....|....|....|....|....|....|....|....|...
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
X¢ X¢
- -~ -QGSJETO1 . ..
sso [ . QGSIETH oroto” Secondary gamma-ray spectra in p-p collisions
«~ F at different collision energies (normalized to
E 8001 .
S the maximum energy)
A 750
x 3 SIBYLL predicts perfect scaling while QGSJET2
. oredicts softening at higher energ
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LHC-COSMIC ?

v' p-Pb relevant to CR physics?

v" CR-Air interaction is not p-p, but A;-A, (Al:p, He,...,Fe,
A2:N,0O)

LHCT psc

LHCT

—

B

b J_IJ-,_

GeY/inela/bin
S

To

eutron
Photon

10 15
Pseudorapidity (n)

-
o
-

LHC Nitrogen-Nitrogen collisions
Top: energy flow at 140m from IP

Jinela/bin/em’?
2
-

-
(=3
-
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—-
o
.-
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CONPARISON OF €)260 AND GS$O
-RADIATION HARDNESS- -

« EJ260 (HIMAC* Carbon beam) an_ ______ ______ ..... %
10% decrease of light yield after Moo T
exposure Of 1OOGy m;_GDMEJ ..... ...... ......

o o X IATE Q.. -

* GSO (HIMAC Carbon beam) BN A

o Esid S i el s e ]

No decrease of light yield even after R e
7*107"5QGy exposure, -

BUT increase of light yield is M __—— Y B
confirmed e
 The increase depend on irradiation

o

o N
TT T[T

rate (~2.5%/[100Gy/hour])

*HIMAC : Heavy lon Medical Accelerator in Chiba
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