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n® analysis at Vs=7TeV
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Physics motivation
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Production of extensive air shower
is quite sensitive to forward
photon. Forward photon energy

spectra are investigated at
Vs=900GeV and 7TeV.

- More detailed discussion needs
information at hadron level even
for the application to air shower
simulation.

- Input of pT and rapidity is
necessary.



n® analysis at vs=7TeV

Type-1 Type-II

eLarge angle eSmall angle
oSimple olarge BG

\\ Y1Y2 :I(illiege}llristat. \ Yz gg% .
N T \\\\\\\"y ..... -

Type-l sample Type-Il sample
5 I 5 1 Type-ll x° sample
Sst Type-| St Type-l i o LHC-Arm1
“osf LHCf-Arm1 “osf LHCf-Arml ; §1w§ Data 2010,

-+ Preliminary

o
N
o
N

i o Type-ll at : | s
107 i3 large tov‘w ]

— Type-Il at ol '.""{:I
—-small tower
-....|....|....u.u"h" .

mol 0°
0 500 1000 1500 2000 2500 3000 3500 0 500 1000 1500 2000 2500 3000 3500
Energy [GeV] Energy [GeV]

o
o))

o
TTT T[T T T T[T T T[T T T[T T T[T T T[T TTTT]TT
o
[e2)

o
[3)]
o

o
N
o
~

o
w
o
w

o
N
o
N

o
—
o
—

o




Analysis procedures

Signal window : [-30, +30]
Sideband : [-60, -30] and [+30, +60]
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e Remaining background spectrum is estimated using the
sideband information, then the BG spectrum is subtracted
from the spectrum made in the signal window.
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Raw distributions are corrected for
detector responses by an unfolding
process that is based on the iterative
Bayesian method.

(G. D’ Agostini NIM A 362 (1995) 487)

Detector response corrected
spectrum is proceeded to the
acceptance correction.



Systematic uncertainties

e Energy scale®
- 3.5% : calibration at SPS and by radiative source
- 8.1(3.8)& : invariant mass excess to the m° mass

e Particle identification
- Residual in the longitudinal shower development (0-20%)

e Offset of beam axis
- Offset of the “beam center” position (5-20%)

e Single-hit selection
- Different performance between data and MC (3%)

e Position dependent correction
- Shower leakage and light-fyield collection efliciency
(5-40% for Arm1 & 5-30% for Arm2, due to the light guide geometry)

e Luminosity
- Calibration factor 2.7% + intensity 5.0% = 6.1%

* This uncertainty indicate a shift along the energy axis, not along the vertical axis.
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n’ pT spectra

Arm1l data vs Arm2 data
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e No energy-scale systematic uncertainty quoted.
e Consistent spectra are obtained between Arm1 and Arm2.



n’ pT spectra

MC simulations vs Combined spectra (Arm1l and Arm2 data)
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e LHCf data are mostly bracketed among hadronic interaction models.
e DPMJET, SIBYLL(x2) and PYTHIA are apparently harder, while QGSJET?2 is softer.



MC/Data

MC/Data

n’ pT spectra
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e Harder models use the Lund “popcorn” model = produce hard mesons.
e QGSJET allows only one quark exchange in collision — leading is always baryon.
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Expected contribution
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7’ average pr
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Systematic uncertainty of LHCf data is <10%.
Compared with the UA7 data (vVs=630GeV) and MC
simulations (QGSJET, SIBYLL, EPOS).

Smallest dependence on Ecwms is found in EPOS and it
is consistent with LHCf and UA?7.

Large Ecms dependence is found in SIBYLL

— this indicates the prediction at UHE region may
differ from at the LHC energy region.
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K9 analysis at vs=7TeV
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KO analysis at vs=7TeV

Analysis of K% has following motivations:
- Poor understanding of forward s-quark.

- Forward K/mt ratio is important for estimating the ve/v, ratio in
atmospheric v.

Vertex of a K’s—2mn® decay is unknown due to
the longer flight path of K's:

- Vertex must be estimated using likelihood of K%—2mn° decay
with the rest mass constraints.

Precise understanding of so called Type-II 7
events is crucial for the reconstruction of K.
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Atmospheric neutrinos
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Oscillation probabilities
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Mass-constraint kinematic fit

Likelihood function for reproducing the n° and K rest masses.
1 1A Tyt 1 LA Ty S
e AyTW Ay, AyT W Ay gy = S Milfi

=1 ©q0 7 g

ys (1) : 4-vectors of two photons in small (large) tower,
Ays (Ayy) : Correction factors for the 4-vectors ys (y1),
then the best-fit “corrected” measurements should be y’ = y + Ay.

W (W)) : Covariance matrix of measured variables.

fi : Constraint term concerning the “i’-th invariant parameter, i.e. myy - myo = 0 etc...
Ai : Lagrange multiplier for f;.

e Minimizing -logL leads to the best-fit 4-vectors of four photons allowed within the
variation of covariance matrix.

o In the real data analysis, some criteria should be defined to cut the poor quality fit
events. Of course selected production rates must be corrected for inefliciencies.
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Fitted results (true single K
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Acceptance efficiency (E vs. pr)
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e One photon on small tower &
three photons on large tower
— challenging !

(Arm2°‘s high pos.res. is
needed.)
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Summary

e Consistent ¥ spectra are obtained between the Arm1
and Arm2 detector. Combined spectra agree with the
prediction by EPOS for the pr spectra and <pr>.

e Photon and n’ analysis can be extended to other
channels:
- 1, KOs, and A
- Correction to ¥ spectra by nuclear effects
(PA@LHC, next talk by Sako)
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Comment on neutron analysis
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Photon analysis at vs=900GeV
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Single-hit selection

Single-gamma . Slngle-hit/Multi-hit separation by the number of showers.
.
270 - Transverse shower development is fitted by a superimpose
100 of a Lorentzian spectra.
80 . Incident position(X, Y) of neutral particle is used to
sl estimate an amount of shower leakage and to cut events by
sk the fiducial volume.
c . Deviation of “multi-hit selection” efficiency btw. data and
20—
. MC is assigned to a systematic uncertainty:.
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Phase space of photon and m°
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Phase space of photon and m°

8.81<n<8.99 (large tower)
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Fit ansatz to p1

spectra
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Fit ansatz to pI spectra

Exponential fit Gaussian fit Numerical integration
Rapidity |[[x° (dof) T  (pr) Stat. error|x” (dof) ogauss (pT) Stat. error|pr®*" (pr) Stat. error
[MeV] [MeV] [MeV] (MeV] [MeV] [MeV] |[GeV] [MeV] [MeV]
8.9, 9.0 (7) 83.8 2014 135 2.0 (7) 259.0 2296  13.1
9.0, 9.2 2(7) 752 1841 50 0.9 (7) 234.7 208.0 4.6
9.2, 9.4] || 28.7(8) 61.7 1640 2.8 6.9 (8) 201.8 178.9 3.4 Ul s
9.4,9.6] | 66.3(6) 52.8 140.3 1.9 B (666 R 04 e
9.6, 10.0] G ey R 2o Ve TR s Ak ek ST vl
10.0, 11.0] o) 28 T 25 2N (2 R D260 e
Rapidity  (pr) Total uncertainty
(MeV] [MeV]
8.9, 9.0 215.3 17.3
9.0, 9.2 196.8 12.5
9.2, 9.4 72,2 5.9
9.4, 9.6] 146.3 3.9
9.6, 10.0] 119.2 3.4
10.0, 11.0] 75.8 2.9
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Component at vs=7TeV

All figures assume

107 collisions@+s=7TeV

Small tower vs=7TeV

Spectrum in the forward region at 140m away from
IP1 (i.e. LHCT site).

No detector simulation is applied.
Neutron/Gamma ratio is also important from the

cosmic-ray point of view.
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Description in Sibyll

Fraction

Fraction of parent particles

Gamma spectrum

Fraction of m° and n |
differs each model. (SIS
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