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Current Status of Neutrino Telescopes

Accumulated Exposure at 100 TeV
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Matus ol IceCube Observatory 2007

IceCube Deployment
2006-2007:

///’ 13 strings deployed
ICeTOp Altogether: 22 strings
: 52 surface tanks
Air shower detector

Threshold ~ 300 TeV
2005-20086: 8 strings

1424 DOMs in 2007
Ll ) only 1.1% are not usable
iR | 1.3% have minor issues

2004-2005 : 1 string
R that can be solved

Inice it data
\b: | first upgoing muorn:
July 18, 2005

planned 80 strings of 60

optical modules each
© AMANDA

19 strings
677 modules

17 m between modules

125 m string separation .,

Completion by 2011

Teresa Montaruli, Trieste, May. 29, 2007
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25 storeys / line
* 3 PMTs / storey .,
« 900 PMTs
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nhuclear
detector B, reaction

« optical sensors capture (and map) the neutrino travels .
light through the earth : I

e blue light produced in nuclear reaction




Neutrino Topologies

Tau neutrino

Electron neutrino

Muon neutrino

10




Messengers irom the Universe

Straight line propagation to point back to sources
Small absorption in sources and during propagation

i protons E>10° eV (<30 Mpc)

gammas <50 Mpc for E<100 TeV . -

protons E<10"® eV

1pc~3ly~10"%cm




Neutrino sources @ > 100 Gev

Astrophysical Accelerators CasA Supernova Remnant in X-rays

Neutrinos allow for observation of ‘hidden
regions’ (BH, pulsars, initial epochs of SN
explosions,...).

The penetrating power of vs is important
also for moderately opaque sources from
which we may be seeing Y spectra that are
significantly distorted




Neutrino production

Beam-dump model: i — vy-astronomy n* — v-astronomy

Neglecting y absorption
¢y ~ @,
Targets: p or ambient vy

Y proton
accelerator P

target

initial fluxes are
(Pve :(Pvu :(Pv_.c =1:2:0

girectione after oscillations

t beam

b : L, =1:1:1
magnetic ‘,' (Pve (pvu (Pv_.c
fields




The many upper bounds and km3 potential

Optically thin sources using AGASA and
- i 16
> F,~40xWaxman-Bahcall at 10 eV, comparable at 10® eV}l | .o .5 spectra and W&B limit
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Index is 2.5, not 2.0 Ahlers et al 2005 is in the range of

The composition and spectral shape of CRs sensitivity for AMANDA-II
above 10" eV is relevant for UHE neutrinos



COMPOSITION AT UHE

EPOS, WERNER LIU PIEROG, PHYS REV C 74 (2005)
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Atmospheric showers

Primary cosmic rays

Mass oscillations are

a small effect in AMANDA/
lceCube

(< 10%)

In ANTARES observation is
made difficult due to optical
backgrounds that reduce the
efficiency at low energies




INTERACTION AND PROPAGATION
CODES

We used:
® CORSIKA 6321 and CORSIKA 6600

® D.Heck, T. Pierog, J. Knapp, CORSIKA: an air shower
simulation program, www-ik.fzk.de/corsika

® FLUKA2007: A. Fasso et al., FLUKA: a multi-particle transport
code, CERN-2005-10, www.fluka.org

® DPMJET 2.55 J. Ranft, PRD51 (1995) 64, hep-ph/9911213,
hep-ph/9911232

® QGSJET01-02 Ostapchenko, PRD 74 (2006) 014026 and ref
® SIBYLL Fletcher, Gaisser Lipari, Stanev, PRD50 (1994) 5710

Teresa Montaruli, Trieste, May. 29, 2007




ATMOSPHERIC SHOWER SIMULATION
IN NT

2 IN AMANDA/ANTARES SCALE DETECTOR UHE ANALYSES
MAINLY SENSITIVE TO 10'? EV (PEAK @ ABOUT 10'¢ EV)

®@ CORSIKA AIR SHOWER DEVELOPMENT CODE

® CR COMPOSITION: WIEBEL-SOOTH SUPERSEEDED BY
HORANDEL (Z*Ex KNEE DEPENDENCE)

MUONS IN AMANDA. CHANGED »
QGSJETO1 1O SIBYLL

AMANDA PRIMARY ENERGY
DISTRIBUTION (BY HENRIKE WISSING)

g.'i 6 65 7 75 8 85 9 95 10

log In(EDDINJ A DN / Gev)




UHE ANALYSIS SENSITIVITY TO CR

COMPOSITION

HORANDEL VS 2 COMPONENT MODEL
(GLASSTETTER ET AL., ALSO TUNED ON KASCADE -
80% FE @ 10'7 EV)
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Available online at www.sciencedirect.com
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Physics

Astroparticle Physies 19 (2003) 193-220

www.elsevier.com/locate/astropart

On the knee in the energy spectrum of cosmic rays

Jorg R. Horandel

fnstinus fiw Experimentelle Kevmplysik, Universiry of Kavicruhe, P.O. Box 3640, 76021 Karlzuhe, Germamy

Received 15 April 2002; received in revised form 26 July 2002; accepled 6 August 2002

Absiract

The Jnee in the all-particle energy spectrum is scrutinized with a phenomenological model. named poly-gonato
model, linking results from direct and indirect measurements. For this purpose, recent results from direct and indirect
measurements of cosmic rays in the energy range from [FGeVup to T EeY are examined. The energy spectra of in-
dividual elements, as obtained by direct observations, are extrapolated to high energies using power laws and compared
to all-particle spectra from air shower measurements. A cut-off for cach element proportional to its charge 2 15 assumed.
The model describes the knee in the all-particle energy spectrum as a result of subsequent cut-offs for individual ele-
ments, starting with the proton component at 4.5 PeV, and the sccond change of the spectral mdex around 0.4 EeV oas
due to the end of stable elements (Z = 92). The mass composition, extrapolated from direct measurements to high
energies. using the polv-gonato model. is compartible with results from air shower experiments measuring the elec-
tromagnetic, muonic, and hadronic components. But it disagrees with the mass composition derived from X mea-
surements using Cerenkov and fluorescence light detectors.

@ 2002 Elsevier Science B.V. All rights reserved.




THE POLYGONATO MODEL
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SIMULATION OF THE KNEE

@ IN SIMULATIONS WE ARE

USING A COMMON

DIFFERENCE AY
BETWEEN SPECTRAL

INDICES BELOW AND

ABOVE THE KNEE
INSTEAD OF A COMM
SLOPE FOR ALL

d (pg
dE{}

__— Er
(Eo) = BLE [1 + (—
£y

ON

—Ay

)1

Cut-off (Ez) Rigidity dependent (E,Z)
E, (PeV) 4.51 +0.52

e —4.68 +0.23

€ 1.87 +0.18

7 /d.o.f. 0.116

E, (PeV) 4.49 +0.51

Ay 2.10 4 0.24

€e 1.90 +0.19

v /d.o.f. 0.113
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THE POLYGONATO MODEL
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HE SAME SPECTRAL INDEX THAN W-
S BUT 25% LOWER NORMALIZATION
NO DIFFERENTIAL DATA EXIST Z>28
SO SPECTRAL INDEX IS
EXTRAPOLATED FROM LOWER Z
ELEMENTS

ABOVE 10'%7 EV AKENO, HAVERAH
PARK AND FLY’S EYE




Neutrino Measurement and (R composition

Ea Throughgoing muons flux more

gl p e | compatible with p with E-27" + hadronic
I - models that produce lower amount of
55t FLUKA (ICRC2001 CR fit) pions/kaons than TARGET (eg FLUKA or
O i DPMJET-IIl vs Bartol group) or E-274 and
S % } Bartol

ut
.
L

Proton Fluxx E (m_ st GeV ')

TM, ICRC2005 rapporteur talk and
Battistoni et al, ICRC2005
MACRO Final analysis, Eur. Phys. J. C36 (2004)

10°
Ek (GeV)




POsSSIBLE COMPOSITION AT UHE

® SUM ALL HEAVIER NUCLEI INTO ONE ONLY FUNCTION
TO BE USED AS FE (WE DO NOT SUCCEED IN RUNNING
HEAVIER NUCLEI)

@ SIMULATE AN EXTRA-GALACTIC P COMPONENT AND
LOW TRANSITION AS SUGGESTED BY HIRES

HILLAS, 2005
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ALL-PARTICLE SPECTRUM UNFOLDING

HADRONIC MODELS AND CR ARE HIGHLY

CORRELATED

Available online at www.sciencedirect.com

ncl:ucz@nln:crﬁ Astroparticle
Physics

Astroparticle Physies 24 (2005) 1 25

www.elsevier.com/locate/astropart

KASCADE measurements of energy spectra for
clemental groups of cosmic rays: Results and open problems

.k T . r : - b.e
T. Antoni #, W.D. Apel ® A.F. Badea ™', K. Bekk ®, A. Bercuci ©, J. Bliimer ™,
H. Bozdog ®, .M. Brancus ¢, A. Chilingarian ¢, K. Daumiller *, P. Doll ",
» n 2
R. Engel ®, J. Engler ®, F. FeBler ®, H.J. Gils ®, R. Glasstetter 2, A. Haungs °,
D. Heck °, J.R. Hérandel ®, K.-H. Kampert "%, H.O. Klages °. G. Maier ",
b . b AL - B 1 - . b . b
H.J. Mathes ”, H.J. Mayer °, J. Milke °, M. Miiller °, R. Obenland ~,
I. Oehlschlidger b g Ostapchenko b* M. Petcu ©, 1. Rebel ®. A Risse ©,
H E: H b h
M. Risse ®, M. Roth ?, G. Schatz °, H. Schieler ®, J. Scholz *, T. Thouw °,
: b, . b . al Tt a] b
H. Ulrich ™*, J. van Buren °, A. Vardanyan “, A. Weindl °, J. Wochele °,
Ahstract
A composition analysis of KASCADE air shower data is performed by means of unfolding the two-dimensional fre-
quency spectrum of electron and muon numbers. Aim of the analysis is the determination of energy spectra for elemen-
tal groups representing the chemical composition of primary cosmic rays. Since such an analysis depends crucially on

simulations of air showers the two different hadronic interaction models QGSJet and SIBYLL are used for their gen-

eration. The resulting primary energy spectra show that the knee in the all particle spectrum is due to a steepening of the
spectra of light elements but, also, that neither of the two simulation sets is able to describe the measured data consis-

tently over the whole energy range with discrepancies appearing in different energy regions.

UNFOLDING OF ELECTRON NUMBER N AND Ny AT 40 AND
200M TO DETERMINE THE ENERGY SPECTRA FOR DIFFERENT

ELEMENTAL GROUPS
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THE HADRONIC MODELS AND KASCADE

DATA AT GROUND

ALL PARTICLE AGREES
FOR QGSJET-0O1 AND
SIBYLL.

QGSJET PRODUCES
TOO MANY MUONS OR
TOO FEW ELECTRONS
AT LOW ENERGIES.
SIBYLL AT HIGH
ENERGY IS TOO
ELECTRON RICH OR
TOO MUON POOR.

7.5 |
L ![}4
7 b
10°
_ <
6.5 T
= 2 §
Ry 10 =
O w— [ OGS et ‘*9
winn M SIBYLL 10 [
5.5 . =
Fe, QGSTer
Fe, SIBYLL
5 +' / { i L I 1 1 L 3 !
38 4 42 44 46 48 5 52 54 56 58

Ir
Ig N,

Fig. 22, Two-dimensional shower size spectrum of lgN, and
lg N together with isolines and lines of the most probable
values for proton and 1ron induced showers for both
simulations.




POLYGONATO VS KASCADE

Tabkle B.1

>25%

Differential flux values of the all particle energy spectrum for QGSJlet 01 and SIBYLL 2.1 based analysis

Energy [GeV]

dJ/AE + stat. + syst. (QGSlet)

[m_3 s~ sr! (i{:‘v’_lj

Horandel
APP19(2003)193

dJ/AE + stat. 4 syst. (SIBYLL)

[m_2 s st (i{:‘v’_lj

1.78 % 10°
2.24 = 10°
282 % 10°
3.55x% 10°
447x10°
562 % 10°
7.08 x 10°
891 % 10°
1.12% 107
1.41 %10’
1.78 x 107
2.24 % 107
282% 107
3.55% 107
447107
5.62x 107
708 % 107
8912107

(6.54 £0.25+220)x 107"
(3.54+0.13+0.75)x 1071
(1.80 4+ 008 +0.49)% 107"
(1.01 £0.05+022)x 107"
(4.90 + 027 + 1.00)x 107 M
(2.59 +0.18 + 0.56)x 10~
(1.20 £ 0.11 +£0.26)x 107"
(6.4] 062 +1.35)x 107"
(2.81 £ 0.35+0.59)x 107"
(1.54 +0.22 +0.33)x 107"
(6.24 +1.35+1.39)x 107"
(3.09 £ 0.78 £ 0.64) x 1071
(1.98 + 045 +0.43)x 107"
(8104252 4+193)x 107"
(422 4+ 1.16 £ 1.14)x 107"
(1.83+£0.74 £0.79) x 10~V
(1.37 £ 0.40 £+ 0.53)x 107"
(6.07 = 2.87 £ 4.02)x 107"

4,75E13
2,51E13
1,31E13
6,7/9E14
JATE4
1,76E-14
8,80E15
4,39E15
2,19E15
1,08E-13
5,33E-16
2,65E-16
1,31E-16
6, 42E7
JA0EAT
1,48E7
6,81E18
3,05E18

(6.33 £0.21 £ 1.31)x 1078
(3.45+0.14 £ 0.70) x 1075
(1.80 =009 +0.38) % 107"
(1.00 £0.05 £ 0.22)x 107"
(491 027+ 1.02)x 107 ¥
(2.62 014 +0.55)x 107 ¥
(1.36 =010 £ 0.28) % 107 %
(6.26 - 0.46 + 1.30) % 1077
(3.63 028 £ 0.75)% 1077
(148 +0.14 £ 0.31)x 107F
(7.57 078 £ 0.16)x 107
(4.05 +£0.51 £ 0.87)x 10~
(1.87 =023 +0.44)x 107"
(8.81 014 +2.38)x 107"
(3.65 +£0.66 + 1.18)x 1077
(2.29 +0.45 + 0.89)x 10~V
(9.29 £2.72 £ 5.38) x 107"
(5.81 £2.07 £4.31)x 107"

The first column of errors denotes the statistical uncertainty, the second column the systematic uncertainty.




Measurements that have impact on (or are affected
by) CR composition and Interaction models

Unprecedented statistics of Atmospheric Muons
MACRO ~0.1 Hz (3150 mwe min depth)

AMANDA-II ~80 Hz rate (19 strings in 1500-2500 mwe depth)

First IceCube run rates: 4500 Hz in 22 strings

1.5 kHz full array (1450-2450 mwe depth)
Unprecedented statistics of Atmospheric Neutrinos
MACRO @ Gran Sasso 150/yr (76 x 12 x 9 m?3)
AMANDA-II ~2.7/d

lceCube 9 strings ~1.7/d
lceCube 80 strings ~140/d




The high potential of high muon Statistics
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Muons<2TeV L3+C data compared to interaction

4000 — —————
[ L3+C prelim. —e—
[ Bartol flux: AGLS 1996 ——— ]
3500 | TARGET 2.1 ]
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g i s :
"o 2500 | ]
Z 2000 |- Sty ]
= 1500 |/ 1 Plot by R. Engel
5 f ‘ ]
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500 * e R
10 100 1000
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QGSJetO1 could produce too few muons at
AMANDA-II depth




MEAN

US AT GROUND

® R. ENGEL AT AL, ASPEN 2007

long. Momentum (GeV) long. Momentum (GeV}

"

Iron (QGSJET) = proton (EPOS)J

~ at 108 eV)
EPOS, ASTRO-PH/081 131 1

EPOS: much flatter lateral
distribution for both
muons and em. particles
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in hadronic shower core at high energy

TO PRODUCE SUCH A HIGH MUON
MULTIPLICITY EPOS NEEDS A PION-AIR
MULTIPLICITY A FACTOR OF 2 HIGHER
THAN QGSJET-02




EPOS

® TO PRODUCE SUCH A HIGH MUON MULTIPLICITY EPOS
NEEDS A PION-AIR MULTIPLICITY A FACTOR OF 2 HIGHER
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Atmospheric Neutrinos

Bartol group: Barr, Gaisser, Lipari, Stanev, Robbins, tables in http://www-
pnp.physics.ox.ac.uk/~barr/fluxfiles/0408i/index.html, PRD70 (2004) 023006
and PRD74 (2006) 0940009.

HKKM: Honda, Kajita, Kasahara, Midorikawa, PRD70 (2004) 043008 and
PRD75 (2007) 043006, http://www.icrr.u-tokyo.ac.ip/~mhonda/

FLUKA: Battistoni, Ferrari, TM, Sala, Astrop. Phys. 19 (2003) 269 and hep-ex/
0305208 high energy at ICRC2003

Prompt fluxes:

Naumov et al. (RQPM), Phys. Lett. B510 (2001)173
Martin et al (pQCD), Acta Phys.Polon. B34 (2003) 3273
Costa, Astropart. Phys. 16 (2001) 193

Zas et al, Astrop Phys 1 (1993) 297




One diffculty

traditionally atmospheric neutrino calculations are different
than what is used to simulate atmospheric muons

Muons are simulated using CORSIKA and different CR
composition

Neutrinos are simulated using weighting techniques, so E
fluxes are weighted for values of fluxes from HKKM, Bartol,
FLUKA and other prompt models

We often use the ‘inverted-analysis’ to check our neutrino
measurement on the high statistics of atmospheric muons

Teresa Montaruli, Feb. 5, 2007




Diffuse Flux World-Wide Results on difiuse neutrino fluxes

AMANDA-II limit (GHill et al, Neutrino2006) is a factor of 4 from W&B
lceCube will be able to investigate the region were neutrinos should exist

10

107
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Uncertainty in atmospheric v flux

90% c.l. limits and sensitivities onv, E? diffuse fluxes
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Convemmnal neutrinos

‘ Atmospheric neutrino flux averaged over lower hemisphere
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Charm muons and neutrinos: signal and background

Prompt muons/neutrinos have flatter spectra (prompt decay keeps CR primary shape)
and flatter angular distribution (short decay length)

Muon lateral distribution may keep track of larger pr in coincident IceTop-lceCube
events for E;, >10-100 TeV events but effects of showers tend to wash out this
signature.

WE NEED A FULL
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INCLUDING CHARM
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Pr FROM CORSIKA-DPMJET [1.55

MONOENERGETIC
INTERACTIONS OF
PROTONS ON
NITROGEN

CORSIKA 6321
+DPMJETII.55
WHERE CHARM IS
ALLOWED TO
DECAY (HECK+A.
MELI)
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LATERAL MUON DR
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PROMPT = ALL MUONS IN EVENTS WITH CHARM
THIS FIRST RESULT NEEDS TO BE CONFIRMED




Charm predictions

Spectrum of atmospheric neutrinos with Atmo_flux |
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HADRONIC MODELS

MAIN CHALLENGE: DESCRIPTION OF TRANSITION REGION BETWEEN
SOFT AND SEMI-HARD (PQCD IS APPLICABLE) PROCESSES

DPMJET AND QGSJET BASED ON REGGE-GRIBOV THEORY OF MULTI-
POMERON EXCHANGE

DPMJET-IIl INCLUDES LOWEST ORDER DIAGRAMS OF POMERON-POMERON
INTERACTIONS)

QGSJET: HADRONIC MULTIPLE SCATTERING AS MULTIPLE EXCHANGES OF
POMERONS (CORRESPONDING TO INDEPENDENT MICROSCOPIC PARTON
CASCADES). QGSJET-II TREATS NON-LINEAR PARTON EFFECTS.

SIBYLL2.1: POMERON FORMALISM FOR SOFT PROCESSES +SEMI-HARD USES
MINIJET PRODUCTION (SIMILAR TO SEMI-HARD POMERON SCHEME). USES
GLAUBER FOR H-N INTERACTIONS. PREDICTS PRECISE FEYNMANN SCALING

SUPPORTED BY INCLUSIVE | MEASUREMENTS WHEREAS QGSJET SHOWS
NOTICEABLE SCALING VIOLATIONS

EPOS EMPLOYS SOFT AND SEMI-HARD POMERON DESCRIPTION BUT TAKES INTO
ACCOUNT ENERGY-MOMENTUM CORRELATIONS BETWEEN MULTIPLE
RESCATTERINGS. DESCRIBES NON-LINEAR POMERON-POMERON INTERACTION
GRAPHS WITH PARAMETERS ADJUSTED WITH RICH DATA.




UHE AND CHARM

TO COMPARE HADRONIC MODELS AT UHE WE SIMULATED
MONOENERGETIC INTERACTIONS ON PROTONS ON
NITROGEN

CORSIKA 6321/6600+DPMJETII.55 (HECK+A. MELI,
NOT OFFICIAL): CHANGED TREATMENT OF HEAVY
MESONS IN CORSIKA AND CHARMED PARTICLES ARE
ALLOWED TO DECAY IMMEDIATELY AT INTERACTION VERTEX

FLUKA 2007+ (DPMJET I1.55 AND DPMJET-III>100 GEV)

WE COULD NOT RUN DPMJET IIl RUN >1000TEV




CHARGED PIONS AT 1000TEV

dN/dx vs. x (E/E ) for = at 10° GeV
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CHARGED KAONS:

DISAGREEMENT AT LOW SECONDARY ENERGY
AND DPMJET Il IN CORSIKA AND FLUKA DIFFER
NO EXPLANATION FOR THIS YET

dN/dx vs. x (E/E ) for Kaons at 10° GeV
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CHARM

dN/dx vs. x (E/Ep) for Charm D at 10° GeV
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CDF DATA: Pt IN CENTRAL REGION

P-ANTI-P AT 1.96 TEVIN CM =2 PEV LAB
abs(y) <=1

| Rapidity of D" in CDF simulation | |Charmed Mesons in Vs = 2TeV p-p collisions (DMPJET-IL55)|
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\/
y = 0 in center-of-mass system (7.6)

1 E+m
= -1

A Lorentz boost along the direction of the incident particle adds a constant,

log(y +v8) =log(2x 10%) =7.6 to the rapidity




P+ DISTRIBUTIONS
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PHENIX (RICH)

@ P+P AT SQRT(S)=200 GEV

® MUON PRODUCTION AT FORWARD RAPIDITY REGION
(1.5 < |pg| < 1.8)

® SPECTRA FROM CHARM SEMILEPTONIC DECAYS IN, 30
NB! INTEGRATED LUMINOSITY

@ HEP-EX/0609032




PHENIX AT LA

RGE

Charm rapidity in Vs = 200GeV p-p collisions
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NA27 LEBC-EHS COLL.

DATA P(400GEV) + P
CERN/EP 88-49
CHARMED MESONS

n = 4.9 + (.5

X for LEBC-EHS (400GeV) |
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NA27 LEBC-EHS COLL.

DATA CERN/EP 88-49

d c DT
7 ( 1 - |x1:' | } -
dp (0.99 + 0.09) (Ge'ﬂﬁﬂ)
BATTISTONI ET AL.
Astropart.Phys.4:351-364,1996
; 10 T ]
P, | e PR 5
T E 22 f ndi 28.5/28
3 10 = ' 3
2 E ; Constant 3.51+ 0.08 i
E C — 10}
”%‘ 10 vt T | Slope  0.9031: D.0246 § :
5 F & o
- : /{GeV/e)') {
NI 2
= 1k }
f
10° 5 Ii. I 0.1 i : 4 5_!', L !" %
0 1 3
pf[{ﬁw.-'cﬁ 7 (Gev T




AT FERMILAB

(1—|xp|)"e "9+

n=86x20

BATTISTONI ET AL.
Astropart.Phys.4:351-364,1996

® PRL (1988) P(80O0OGEV/C)+P
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AT FERMILAB
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E791 (FNAL)

INVESTIGATE PROJECTILE
FRAGMENTATION REGION

* 500GeV pi- on 4xCarbon + 1xPlatinum

Fig. 2. The E791 spectrometer.

* Total: 0.04% of pion interaction length

®* Measured Lambda_{c} asymmetry, neutral D
Cross sections

* Target simulated as nitrogen due to CORSIKA

constraints

http://ppd.fnal.gov/experiments/e791/docs/pubdocs/offline_doc_290.ps
http://ppd.ftnal.gov/experiments/e79 1/docs/pubdocs/offline_doc_415.ps
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Fig. 4. Fits to the D*4+D" py differential cross section with the functions given in
Eqs 4 (dashed, top), 5 (dashed, bottom), and 6 (dotted, top and boltom)]. The tap
plot shaws the range O<p.<4 (GeV/e)* while the bottom plot shows the full range,

0<py<18 (GeV/e)®. Error bars do not include a *11% normalization uncertainty.
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Fig. 3. ET01 acceptance fimctions vs, xp and pf for K, Krr and Krar can-
didates, The acceptance shown here is for a loose set of single-charm selection
eriteria. The ]J!Q acceptance is obtained for charm mesons with —0.1 < rp < 0.6




= E791 DY datn (K7 + Kmem)
i |x; for D™+D in E791 (500GeV ) |

1y Indf 3193710
|po 1046:14
Ip1 10612009

:

do/dx,  (ubarn/ nuclevn)

i i | L | " L
=0.1 [1] [N ] 0.z

ig. 3. The D"+D" ap differential tion compared 1o various theoretical —

gﬂlsdi-ctimﬁ described :Elptbe t.l.:lr.t. 'Iﬁ:ectmm;emr::nnaﬁmd mgﬁ:‘;ﬂ bE;:ﬁttﬂ n= 4'61 _I_'l_ 0-19
the data in each case. Error bars do not include a 71% normalization uncertainty.
much smaller!!!




ASYMMETRY

e Experimental measurements of single-inclusive
xp distributions for charmed hadrons find a
behaviour that is harder than the perturbative
QCD would predict

e Almost all experiments have observed the
leading particle effect (production of fast particles
which share a quark (or antiquark) with the
beam)




DC ASYMMETRY

@ ASYMMETRY IN THE TARGET FRAGMENTATION REGION IS
SMALLER FOR PROTON TARGET SELEX
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SELEX (E781, FNAL)

FRAGMENTATION REGION: P, PI-, SIGMA BEAMS (540-600
GEV)

540 GEV P- 5 TARGET FOILS (BCU+2C, 5% OF PROTON
INTERACTION LENGTH): HADRONIC ASYMMETRY OF ANTI-
LAMBDA_C COMPARED TO LAMBDA_C+ (HEP-EX/0109017)

CORSIKA 6.6 (1ST INTERACTION AND RESONANCES DECAY)




X in SELEX pion beam (600GeV)
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DISTRIBUTIONS ARE HARDER FOR
DATA AND ASYMMETRY IS LARGER

THAN IN DPMJET
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FIG. 5. Asymmetry for A, production by 7~ {top), L~
center) and proton (bottom| bean.

0.8

0.6

§

— D pM J E T 11




ASYMMETRY ON P TARGET

Same for proton target instead of nitrogen p-p and p-N differ: in p-N the charmed

Aul A, asymmetry for 540GeV 7-p
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baryons and antibaryons are more similar to
each other.

Asymmetries for baryons disagree with data
because DPMJET needs same diquark
fragmentation modifications for strange
baryons and antibaryons.

FROM RANFT (STANDALONE
DPMJET CONSISTENT)
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CONCLUSIONS

ICECUBE AND ANTARES WILL MEASURE UNPRECEDENTED
STATISTICS OF ATMOSPHERIC EVENTS

THE MEASUREMENT OF CHARM IS CHALLENGING SO
SIGNATURES NEED TO BE INVESTIGATED USING FULL
SIMULATIONS

DPMJET-II IN CORSIKA, IN FLUKA AND STANDALONE
DIFFER IN A WAY WHICH IS NOT COMPLETELY UNDERSTOOD
FOR P(1000TEV)+N

CHARM DATA SHOW HARDER Xg DISTRIBUTIONS THAN
DPMJET-II

BARYON ASYMMETRIES NEED SOME IMPROVEMENT IN
DPMJET-II






