Atmospheric Neutrino Flux Calculation

M. Honda @ Nulnt15, Oosaka

Based on the work published as the HKKM paper series,

and a preliminary work with recent Cosmic Ray observations.
(AMSO02, BESS-polar, and others)



Components of the Calculation

*Primary Cosmic Rays Model

AMSO01 and BESS observation for < 100 GeV
JACEE and RUNJOB for > 3 TeV and the interpolations

Hadronic interaction Models

DPMJET-III (>5GeV) and NUCRIN (<5GeV) in
HKKMO04 and HKKMSO07.

DPMJET-III (>32GeV) and JAM (<32GeV) in
HKKM11 and HAKKM15.

They are modified in the Muon Calibration

*Atmosphere Model
US-starndard'76 before HAKKM15
NRLMSISE-00 in HAKKM15

*Geomagnetic Model
IGRF00 (HKKMO04) ~ IGRF10 (HAKKM15)



3D-Calculation Scheme Simulation Sphere (Rs 10 x Re)

\

Re = 6378km Cosmic rays go out this sphere age
discarded. Also the cosmic rays régch
this sphere in back tracing from the
injection sphere are fed to the

simulator.

Injection Sphere (Re +100Im)

»

Cosmic Rays are sampled
and 1njected here

Virtual Detector

All neutrinos path through
are used for the flux calculation.
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Error due to the large size
Virtual Detector

In HKKMO7 (PRD 2007), we took
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Our primary Cosmic Ray model and reference data
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Other chemical compositions
are also considered in the
calculation, but they give
small contributions.



Examination of Interaction Model with muon flux.
(Muon calibration of interaction model)

As the muon flux is a “local quantity” (yct ~ 60km for
10 GeV muons), a first calculation method is available.

Inject cosmic rays at a point of injection sphere just above the
observation point, and collect the muons on all the surface of
Earth, then consider the muons are observed at the observation

point.




Comparison with full 3D calculation
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This method works above 0.2 GeV/e.



Data/Calculation

Comparison with precision muon measurements

Data are larger by ~0.05

Data are larger by ~15%
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==> DPMJET-III Should be Modified
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Data/Calculation
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JAM + Modified DPMJET-II vs Muons at the Balloon altitude

( HKKM11)
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Good agreement !

Use DPMJET-III above 32 GeV
and JAM below 32 GeV



JAM vs HARP

do/dp dQ2 [mb/(GeV/c sr)]
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Atmosphere Model

AREEEEEREEsEEasnes Air density comparison with MSISE90

US-standard Atmosphereg 1.5
Model (1976)
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US-starndard"76 may be used as the
global approximation of the
Atmosphere.
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Atmosphere model (NRLMSISE-00) and seasonal variations

Ratio to US-standard’' 76

Ratio to US-standard’76

1_3 I T | ) | T | T | T | T | ) | T | T | T ]

. KAM i

' -~ o |

1 b-n-.:--—-‘:'/i‘ -_~_—-~.Jx ; ,0":“"}?% T

I RN U‘\gﬁﬁ T

- L I||II~E:,.L

- 4

Mar — May \UI

F——— Jun-Aug Kamioka

05 L Sep — Nov |
-l - Dec - Feb

1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1

0 10. 20. 30. 40. 50. 60.

70. 80. 90. 100

Altitude (km)

1.8 i L] | 1 | 1 | 1 | 1 | L] | 1 | 1 | 1 | 1 |
- SPL Dec-Feb ../~ ‘. ]

, ; Sep — Nov _-\",
et L'i __,
Mar - May ]
Jun- A i
ole  yun-Aug , /”\J]

NS
1 | I | I | I | I | 1 | I | I | I | I

0 10. 20. 30. 40. 50. 60. 70. 80. 90.
Altitude (km)

100

1_3 I T | T | T | T | T | T | T | T | T | T ]
? . INO i
2
;:

s 1
T
w
: - -
o Mar - May
g [—— Jdun-Aug  INO site
E 0.5 L Sep — Nov ]
S IEEEEEE Dec - Feb
I | I | I | I | I | I | I | I | I | I
0 10. 20. 30. 40. 50. 60. 70. 80. 90. 100
Altitude (km)

1.8 I 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 |
© | PYH -
I~ A
?u | _r—\_/\_/\/r\/ '\\f |
o ~ d___ﬂ__._z\_f\’f/ Ill'-,

E 1 Hﬁ"ﬁ,‘,“‘uf'_‘.'f-’:..' \“., ]
ﬁ B T - 5 e
| - ‘ i
g B ~ . I- .-'.-'.I1I ?'
o - ‘-"II‘..""”-F\—xhzk ..'" ‘ll,h-;:—
e i Mar — May SIS
= —  Jun-Aug \ ]
€ 051 Sep - Nov \J

—————— Dec - Feb

AR it A o PO RN O PO

0 10. 20. 30. 40. 50. 60. 70. 80. 90. 100

Altitude (km)

Near North Pole (Physalmi)



Geomagnetic Field

Horizontal component of Geomagnetic Primary
field controls the rigidity cutoff. S

Geomagnetic Field

Forbidden
Trajectory

Allowed
Trajectory



Horizontal component of Geomagnetic Field with IGRF10
and
Atmospheric Neutrino Observing sites.

10000nT

20000nT

30000nT

.

—— < South Pole

-150 -100 -50. 0 50. 100 150
B SK B SNO H INO ¢ Pyhasalmi
A Gransasso Frejus ¢ Homestake




Calculated Atmospheric Neutrino Flux averaged over all directions
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Seasonal Variation of Atmospheric Neutrino flux
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Flavor Ratios of Atmospheric Neutrino
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Seasonal and Site Variation of Atmospheric Neutrino Flavor Ratios
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Zenith Angle Variation of Neutrino Fluxes at 3.2 GeV
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Azimuth Angle Variation of Neutrino Fluxes at 3.2 GeV
in Kamioka
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Azimuth Angle Variation of Neutrino Fluxes at 3.2 GeV
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Observed Azimuthal Variation of Vv, flux (from PHD thesis of E.Richard)
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Observed Azimuthal Variation of vV, flux (from PHD thesis of E.Richard)
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NM count at Climax

Solar Modulation of Primary Cosmic Rays

and Atmospheric Neutrino
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Solar Modulation of Atmospheric Neutrinos

From PHD thesis of

E. Richard
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Production Height (km)

Cumulative Neutrino Production Height
in Kamioka (summed over all azimuth angles)
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Production Height (km)

Cumulative Neutrino Production Height
in INO site (summed over all azimuth angles)
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Production Height (km)

Cumulative Neutrino Production Height
in South Pole (summed over all azimuth angles)
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Azimuth Angle Variaiton of Neutrino Production Height
and Seasonal Variations
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Impact of AMS02

and

BESS-polar
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and
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New Cosmic Ray Model with AMS02
and BESS-polar
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Muon Calibration of Interaction Model
with
New Cosmic Ray Model
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Resulting Neutrino Flux (all v sum)
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new calculation
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Muon calibration works !



Possible Error in Atmospheric v-flux (HKKMSO07)
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Relative Uncertainty
o
o

Possible Error with JAM (HKKM11)

O

1 -observation error + Residual of reconstruction
Kaon production uncertainty
Mean free path (interaction crossection) uncertainty

Atmosphere density profule uncertainty



To reduce the lower energy uncertainties, we need
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Phase space of p+N (air)>n+X for 0.32 GeV neutrinos.

1. Good accelerator experiment which covers all the phase space,
or
2. Observation of muon flux at high altitude.



Cosmic Rays in atmosphere

Pep + [ Air]— no-T

-+

W —v (v )+v (v,)+e

Atmospheric Neutrino

v,iv, ~2:1
y,e — EM-cascade —» Air Shower

Other p's, n's, and sometimes 7T's repeat above interactions.



Correlation Coef.

Correlated Muon energy to fixed Energy Neutrinos
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Variation study of muon flux at balloon altitude and neutrino

Possible variation of neutrino flux when p flux below ~ 3 GeV/c is
reconstructed within the variation of AM
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Summary

*The calculation of atmospheric neutrino flux in HKKM is reviewed.

*[t is noteworthy that some of predicted features of atmospheric neutrino flux are now observed

in SK.

*With NRLMSISE-00 atmosphere model, we find a large seasonal variation of neutrino flux at

vV, +V,

vV +V
e e

polar region at the energies lower than we expected. This also cause a large variation in

ratio.

*A study with the preliminary Cosmic Ray Model based on AMS02 and BESS-polar 1s
presented. However, when the interaction model is modified to reproduce the atmospheric muon
observations, the calculated atmospheric neutrino flux is very similar to the one calculated with

old primary flux model.

*We are planning the improvement of the low energy atmospheric neutrino calculation to reduce

the uncertainty.



Back up



4.0

Typical Phase Space of p+ N (air)—m+ X interaction
to produce muons related to ~0.32 GeV neutrinos.

At sea level
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Close Up for Proton
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Modification of Int. Model (SHKKM 2006)
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Comparison in Z-factor

, —> Out of this study
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Comparison of secondary spectra
of interaction models

at 1 TeV
10°
> "
.g 104 E —5
'_é o
< -
~ 103 = E
> B
g 102'_ —— Original Dpmijet Il B
c4 [ —— Old modification “
2 1 === New modification 2 .‘
- 10 = 4 —
i i
100 I I I I I L1 1 L1 | 1 I I
-2.0 -1.5 -1.0 —-0.50 0 0.50

log E2ndry -log K,



High secondary energy
region close up
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Gaisser Formula for illustration (by T.K.Gaisser at Takayama, 1998)

®,=0 ®R ®Y,

primary

=0 . QR _QY,

primary

Where

. : Cosmic Ray Flux
primary

Rcut: Rcut< R .latt. , long. ,0, CP) : Geomagnetic field

cr’

Y =Yield, ( h, 6) : Hadronic Interaction Model,

Air Profile, and meson-muon decay
YM — YieldM ( h, 6) . Hadronic Interaction Model,

Air Profile, and meson decay

This formula illustrates 1D-calculation well



4.0

The improvement of lower energy uncertainty
Give Variations in the phase space and compare the variation of neutrino

flux and the Maximum variation of muon flux in 0.5 ~ 2 GeV/c (u+)
And 0.5 ~ 4 GeV/c (u-), where BESS Balloon observation was available.

Phase space for
0.32 GeV neutrinos

Log(Ep)

4.0

3.0

2.0

1.0

Phase space for

corresponding muons 1g

Vo

Size of Phase space to
give the variation



CREAM Flight Data: Trajectory
Covering period from: 2004-12-15 23:22:56 to 2005-01-27 02:00:31

Current Speed: 172 knots
Current Course: 128.1° : Current Altit
Current Lat: -7 11773727 Current MET: 41 days 21 hrs 31 mins 30.7
Current Lon: 157527547 Current Time: 2005
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BESS also observed
Atmospheric muons
at Balloon altitude
and

Ground.




Comparison with recent observations.
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Modulation by the Solar Activity
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From the talk of M.Shibata, this conf.

CR spectrum 1n wide range
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Rigidity Cutoff for

Virtical direction
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Size correction for virtual detector

Assume true flux value and average in the circle with radius 01 and 82 may be
related as
2

b=, + 07
b, =db,+ 0,

Therefore the true value 1s calculated from (|)1 and ¢2
as;
2 2 2
_01b, =0, by _ 9,
(I)() 2 2 2 r_<_)) r<1
0, —0, 1—r

In terms of the sampled number N1 in the circle O < 01, and N2 in O < 02,
®1 and @2 are given as
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Optimizedr = (—2) value, which minimize the stat. error

8.0

6.0

F(r)

4.0

2.0

0

1

Ad, A,
P,
10.
B I | ] | | I | | I ] | | I
— HKKM06
Optimized
| | r:%05
0 0.2 0.4 0.6 0.8



FZEEOUEEBETEZT ARVO T S WO XNDIEEERE



	ページ 1
	ページ 2
	ページ 3
	ページ 4
	ページ 5
	ページ 6
	ページ 7
	ページ 8
	ページ 9
	ページ 10
	ページ 11
	ページ 12
	ページ 13
	ページ 14
	ページ 15
	ページ 16
	ページ 17
	ページ 18
	ページ 19
	ページ 20
	ページ 21
	ページ 22
	ページ 23
	ページ 24
	ページ 25
	ページ 26
	ページ 27
	ページ 28
	ページ 29
	ページ 30
	ページ 31
	ページ 32
	ページ 33
	ページ 34
	ページ 35
	ページ 36
	ページ 37
	ページ 38
	ページ 39
	ページ 40
	ページ 41
	ページ 43
	ページ 45
	ページ 46
	ページ 47
	ページ 48
	ページ 49
	ページ 50
	ページ 51
	ページ 52
	ページ 53
	ページ 54
	ページ 55
	ページ 56
	ページ 57
	ページ 58
	ページ 59
	ページ 60
	ページ 61
	ページ 62
	ページ 63
	ページ 64
	ページ 65
	ページ 66

