CHARM IN THE SKY
ON PROMPT ATMOSPHERIC LEPTON FLUXES

Gunnar Ingelman
Particle physics phenomenology group, Uppsala University

First PhD thesis in astroparticle at UU:

e M. Thunman: ‘High energy leptons in This talk:
astroparticle and charm quark physics’, e Predicted lepton fluxes from charm
1996 produced in pert./non-pert. QCD
Master theses in astroparticle physics:
o R. Soderberg: ‘Cold dark matter’ 1991 e Why flux of Volkova et al. is dubious
e J. Edsjo: ‘Neutrino-induced muon fluxes from and too large
neutralino annihilations in the sun or earth’,
1993

e New model for non-perturbative charm

e M. Larfors: ‘The charm of colour octet fields - ]
production = low fluxes

a study of quark production in fragmentation
processes’, 2004
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Atmospheric lepton fluxes g

p+A—-> M+ X
s ¢/ — 4 I/l(ﬁl) +Y
conventional = from 7,K decays; prompt = from charm decays

TIG (Thunman,Ingelman,Gondolo, Astropart.Phys.5 (1996) 309) cascade simulation
PyTHIA: pert.QCD gg — c¢, q@ — cc and parton showers & Lund hadronisation
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Zas,Halzen,Vazques 1993: Z1 for o(charm) = 0.1 o(inelastic)
Z2 for o(charm) = o(c¢) pQCD
V = Volkova et al.: non-pert. ‘quark-gluon string’ model, scaling in x distr.

0
N
(=

|
/

0

| |
2 5 4 5 06

G. Ingelman: ‘Charm in the sky’, Amanda/IceCube meeting 2004-10-10 2

flux ~ E777



Charm production

Most charm data (o¢o¢, do/dx ) reproduced by P
THEORY: pQCD (LO,NLO,parton showers) — cc
Model: fragmentation function / MC
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Some details require non-trivial soft QCD effects:
e leading (zp — 1) D*, A, <> string drag effect (or intrinsic charm)
e charmonium < soft colour exchanges

No need to replace pQCD theory by simple model for charm quark production!

Volkova et al. (1980-2002): ‘quark-gluon string’ model, Regge with ‘cut’ pomerons
Normalisation:
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from low-E, data, but higher E,
= more 'sea’-strings = full £, not available in each string = softer xp-spectra!

otot(charm) may be OK at larger E,, but model not compared to = -spectra
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Importance of charm zp distribution
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Reminder: Lund string model

e Gluon self interaction = colour flux tube
Description: relativistic massless string

( > e Colour triplet string between 3 and 3 (¢ and q)
— potential V3(r) = k37, k3 ~ 1GeV/fm

Fragmentation of string to hadrons:

new gq formed from field energy
— 3-3 screens field

QCD: ¢q colour dipole, qq produced virtually in a point

gluon self-interaction = flux tube ‘eats’ field energy — on-shell

qof — o — — quantum mech. tunnelling = | P(qq) ek
) C— >

_ . OK for g = u,d, s
i charm suppression £4€) ~ 1011
qq p gy P(ua)
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New model: Colour cctet string creation

Octet string created by gluon

e Field energy scales with
exchange between two hadrons

Casimir operator
VD(T> X CD = Kkp X CD

p(Elab, Drap)  ® Higher order representations

(D = 3, 8...) have larger Cp

= less suppression of heavy objects
e.g. charm quarks

p(Elab7 Z_)lab)

= A Field 33 6, 6 8 10, 10 15
My, 0 3 Je 1
p(myp, 0) p(my, 0) kD "3 1 10/4 | 9/4 9/2 7
Dlcc) 1 qg-11 | 194 | 1075 | 1073 | 1073
P(uu)

Large probability for gluon exchange
when hadrons overlap

P(cc)
P(ua)

charm suppression ‘only’
~ 107° in octet field
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New model:
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Example: leading proton, two charmed mesons
plus lower energy particles

Colour octet string fragmentation

Proton-proton collision, gluon exchange
= octet string between proton remnants

String fragmentatlon by octet charges

gluon—gluon or q¢7'-¢'q (3 @ 8)
i.e. 8 — 8 which screen the field

R 3 =

Gluons absorbed in formed hadrons
no glueballs yet, but could be added. . .

g7 —q'q in two steps qq plus ¢'q’
= charm hadrons with hard = p-spectrumr
= pentaquark state ©,. = ududc

from proton remnant
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Octet field contribution to atmospheric neutrinos

vy, + Uy, flux

cc from octet string hadronisation:
o(pp = cc+ X) =10 °c(pp — X)

ST 4 pacD octet . — harder zp = Ep/E, spectrum
» -sé‘ TV 1/ -|—1/ octet N ~ e E

With only known charm particles
= factor ~ 50 lower flux than standard TIG

16E — 1,47, pQCD 3

& V, +1/ octet with strongly decaying pentoquorks B .
10 ?111}‘”1}11H}:H:}:‘H}HH‘HH‘HH}HH}H:E |nC|ud|ng pentaquark @C:
7 e strong decay ©. — DN — [y X
= low flux
T 3 __500
107; ***** | ZiZ ggtce? with \‘Neokly decoymg pentoquorks | E ® Weak decay @C — lVl@+, BR_ZO A)

ST T T TS T e = eventually dominating if Tg, < 107 s

l0g.0(E/GeV) :
Remember: N but disfavoured by HERA data
= 10 & .
§ f Fluxes from charm remain small
@1073; ]
gt should be =~ as in TIG
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Conclusions

e Volkova's model dubious

w.r.t. xp-dependence Outlook
= too large v-flux

e Low atmospheric v-flux

e New non-pert. QCD model = low background for cosmic v'’s
for cc production
= very low v-flux e Good news for v-telescopes

e Best v-flux estimate from pQCD e .. . lots of fun ...

+ well tested hadronisation model
.e. TIG and its updates
(e.g. NLO pQCD)
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