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In’rer‘ac’non models

Model Energy(GeV) Remarks
dpmjet3 <5< charm. @UHE ?

qgsjetll-03 >80

jetlI-04 >80 LHC-tuned

Sibyll2. 1 >80 only p, Air target
AM <RHIC No hea

fragm. Pt seems small

photo-hadron prod.

o Fritiofl.6 <2000
b Nucrin \ <5
Gheisha <100 ?

\

vSibyll2.3¢  Sibill2.3d are now available
v¢New JAM upto 1020  CGC

How to specify the models:
IntModel = ““phits” 2 “ dpmjet3” 1e6 “epos” 1e8 “qgsjet”’
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® Propagation
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& Spectrum Observation
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5x101? eV proton initiated showers

Zenith angle 60 deg.
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number of charged particles
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Meson x
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Number of muons produced from descendent of

first interaction: p 107eV

le+06 — ~ — |
~ pl0A17eV: eta dist. at first col. which finally gave mu at 875 'g/cm?2 1017 eV
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Eta dist. of last interaction which produced

muons.

1e+06

Ip 107 17eV: Eta dist. at the last int. for obsvd mu!
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Low Energy

Atmospheric Neutrino

(muons and protons: mainly by
M.Honda)

We have to select “GOOD” data !

BESS 1ry: AMS Iry
muon observation
gamma ray observation
proton observation

vs Model Calculations

10



Primary Proton Flux Model

H104 [ I T TTTTI |I|IIIII [ T T TTTI [ I T TTTTI [ I T T TTTI
- B ]
- . |

(9 . |
TE :
=
1o
Nm |

e

X HKKM’04

TS HKKM’95 i

E _& Gaisser et al

O ! (ICRC Humburg)

n- 3!*!&? IIIIIII| | | IIIIII| | | IIIIII‘ | | IIIIII|

19 0 1 2 3 4 5
10 10 10 10 10 10

Ek (GeV)



Primary He flux model

High flux mode for He
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Interaction Model
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Test with muon flux at Balloon Altiotude
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Muon Observations
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Data/Calculation

Comparison of Muon Flux Calculated in HKKMO04
and Observed Data.

The differences are ~5% 1n absolute value for 1 ~ 30 GeV/c,
and ~ 5% 1n charge ratio for all momentums.
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The difference of the absolute value increases at high

energies, as ~(P/10GeV )*™.
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Data/Calculation

Comparison of Moditied Results with
the Observations
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The calculation and data agree well within 10 %
in 0.5 GeV/c ~1 TeV/c, and < 5% 1n 1~30GeV/c.
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Summary at low energies (<10TeV)

® dmpjet3 seems good: flux within ~10 %

® However, for better agreement with
obsrvations: X-distribution must be
enhanced.




1014 eV region

® UAD problem

® SPS + (ISR).; pseudo rapidity
BT o |- 0ol 1111 T+ { WY |
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"/tmp/:1a5-900GeV"
"/tmp/ua5-546GeV"
"/tmp/ua5-200GeV"
"/tmp/ua5-53GeV"
"dpm-900GeV-eta.hist"
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'sib-900GeV-eta hist'

LK X+

'sib-546GeV-eta hist' ————

'sib-200GeV-eta.hist'
'sib-53GeV-eta.hist'

Sibyll

Original author gives
better agreement
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dN /dn/event
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Pseudo rap. UAS vs Harr etal Silicon data
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'/tmp/etaat630GeVbySi'
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dN/deta

Harr etal Si1 data at 630GeV vs Models

'/tmp;/etaat63OGebeSi'
'sib-630GeV-eta.hist'
'../../DPM/Hist/dpm-630GeV-eta.hist'
'../../QGSO1/Hist/qgs1-630GeV-eta.hist'
'.././QGS2/Hist/qgs2-630GeV-eta.hist'
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M.C method itself:

Computation time and memory size
for Full M.C (Emin< 1MeV)

Eo cpt time @2G6Hz cpu  disk size
-~ 0107eV ~ lweek  10GB




Thln Sampling (a la Hillas)
etc

® Usable for seeing the transition of the
total number of particles

~® Dangerous for seeing individual particle




Distributed-parallel
computing

* MPI (?)

® Need complex communications among a
humber of cpu's (how to distribute




New distributed-parallel
computing method
Skeleton-Flesh method

® Enables Full M.C up to 1019 eV




Skeleton-Flesh method




Extended SF pistributed

paralle]
processing

Fleshing at n-cpu
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computation
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Observation levels
[ —

S\

Skeleton: EsSential ingredients:
low energy partilcs



® Tf ~ 50 cpu's available

® 1019 eV— 1 ~ 2 weeks

® Storage: randomly select particles to
be recorded




things are rather easy:
smashed skeletons are almost identical




1020 eV Enin=2x1015 eV; 1534303 ptcls

cpu# cpuPW Sum E # of ptcls
1 1.0 0.9827795E+08 1535
0.9827795E+08 1536
0.9827795E+08 1536
0.9827795E+08 1536
0.9827795E+08 1535

Gl QO N
o
&

995 1.0 0.9827795E+08 1536
996 1.0 0.9827795E+08 1536
997 1.0 0.9827795E+08 1536
998 1.0 0.9827795E+08 1536
999 1.0 0.9827795E+08 1535



- Energy spectrum in each sub-skeleton

10~3 1 103 10°
Kinetic Energy (GeV)



dN

dE |

X T T

Kinetic energy (GeV)




Vir'TuI (Quasi) Full M.C at 1020 eV

No weighted ptcl's



® (Virtual) Full M.C with Emin=500 keV is
possible at the 6ZK energies.

® One or at most several showers with a
given primary energy and angle

a we heed ~10° cshowers T




Is such a small number of
showers valuable ?
yes |

® Thin sampling for transition: 103
showers
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~ Particle decay

e The concept of decay constant:

The density of atmosphere at height, A, is roughly expressed as
h

p=ppe o |
Since the atmospheric depth, z, is also roughly proportional to p, it is also such ai
function. hg is called the scale height of the atmosphere and can be regarded as a
measure to express the thickness (height) of the atmosphere. %

The value of hy 18 6.5 ~ 8.5 km, although it should be constant for an ideal isother--}-
mal atmosphere (k7T /Mg). |

Suppose a particle of mass m, proper decay time 7 runs in the atmosphere with
momentum, p (gamma, factor v and 3 = 1 — 1/v%). If hy > cBvT, the particle
will tend to decay before reaching the earth surface. While if hy < cBvyT, it will
difficult for the particle to decay. Since p = m~yf8Bc, hy = cByT is re-written as
ho =p.-orp=hy" =0 If p> b, the particle decay is less probable. b is calledfi
the decay constant. At high energies we may regard momentum as energy, and we,
may express it in energy. Some important rough numbers:

—— . . et ol ¥
B IR e = o o e e s s R R SR e — e -
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e

R e

‘mass (GeV) | cr (m) | b(GeV) |
" 0.1 6D+ 15
Tt 0.14 8 150
014  25x107%|5x10°(eV)
KE| 05 4 500

Some conclusions from this table:

e Muon energy spectrum bends below few GeV.

e Since major muon source 18 7, muon spectrum tends to steepen over 150 GeV.
Major source changes to K.

0

e At ultra high energy, even 7" cannot decay and tends to collide with air. No source

of high energy photons so that the LPM will not work efficiently in proton primary

showers.

S e — -
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| Energy spec.of g.e-,e+,mu.h at 875g/cm2; p 10A18eV
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