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Motivation

® Charmed particles short lived
compared to pions/kaons

@ very unlikely to interact after
production — No energy loss

® Form so-called ,prompt“ component
in muon and neutrino flux

@ Similar to signal expected from
astrophysical neutrinos!

® Need to determine contribution to
neutrino flux at high energy

Lepton Flux

® Charm quark mass scale in
transition region between hard and
soft processes
— behaviour of model reasonable?
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The hadronic event generator Sibyll
: g
Includes: ni(b,5) = A(B)or(s) ‘_‘
@ Multiple parton interactions 5'.'. )
® Soft and hard scattering i,_f{z}‘
® Diffraction dissociation IR
. N, N . (PN :
® Lund fragmentation p (- / d?b”s(f\;j) th(;‘\;:!) b)) T
d&l gkl e
ogep(s, o) = | dpr [ dey [ dea Y filwr, Q) fi(x2, Q1) ———(5,1)
D T /mm T/ 1/ 2”21; 1, 7\ T2
0
O Hard and
soft
(ns scattering
0
Special case of soft interaction: 0

valence scattering
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How to include charm quarks?

@ Large contribution from QCD
processes (many NLO calculations
available)

— add charm to hard scattering

@ Non-perturbative component seen
in data (leading charmed particles,
asymmetries)

— add charm to valence scattering

W effective partons only
— no need to add charm diagrams

—  Add charm quarks in
fragmentation step
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Charm rate relative to strange:

Pc/s = Poe™
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Peterson fragmentation:

A

D@ = A Tr—ga—o)
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SIT

How to adjust the parameters?
® Low energy: fixed target data — w — Sbyliz3rcl
-------- Mot - -- Sibyll 2.1
® Full phase space coverage il

8,

® Mostly non-perturbative

® High energy: collider data
® Mostly perturbative

avg. number of interactions
[=)]

® Limited coverage of
1 E . 2o 107 10° 10" 10° 10° 107
y — _ln ( +p > S ln (ﬁ) c.m. energy vs (GeV)
2 E —p, Myp
ALICE | ALICE: |y| < 0.5
eV g LHCp Region of LHCb: 2.5<|y|<4.5
iInterest
N [ |
Rapidity 0 ymax
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Interlude: Spectrum weighted moments '-\X‘(IT

Spectral index of cosmic rays

7~ f (v—1) dnda:L

LL

W represent hadronic interactions
In cascade equations

E;
. Ebeam D/év
\

Xy = Ei/Ebeam

cms

xp = pl"/pons rp R TR, pr << P,
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cross section z ) do,,/dxp (ub)

—— Sibyll 2.3rcl
10* . .
— =10
D*,D°.D** DF Vs=7.0TeV____ 7L
v=2.3

10
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Feynman-X z
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LHCb phasespace, how limiting is limited? ﬂ(".

—— Sibyll 2.3rc1
® 7TeV c.m energy well beyond the -
knee — total
- - - non-perturbative
- - - perturbative
Vs =TTeV — Ejup = 26PeV - -~ LHCb
/')/CR ~ 3 10+ pp —D—Mesons @ Vs =7TeV

® How much does LHCb
phasespace contribute to
integrated spectrum?

cross section z3%do,,/dx (ub)

perturbative
o 10 01 02 03 04 05 06
— LHC data not restrictive Feynman-x z,
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Low energy: E769 xF spectrum
10’ : :
A wtp—=DTY (x10%) E769, P, =250GeV/c |

10°} ,.i., K+p_>Dﬂz,0 (X102) ] \/g = 22G€V
S @ pp—D*’ Close to low-
e energy
< 10th threshold of
~~—
S the model
c 3L
o 10 .
= very limited
O 10%} by kinematics
9]
wn
O 10t}
o

10° f

— Sibyll 2.3rcl
10 ' ' '
-1.0 -0.5 0.0 0.5 1.0

longitudinal momentum z .
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LEBC-EHS/MPS - xF spectra at 400 / 800GeV/c '-\X‘(IT

Vs = 27/39GeV @ LEBC-MPS P,,,=800GeV/c (x102) ~ — Sibyll 2.3rcl ;
10°F 4k LEBC-EHS P,,,=400GeV/c 3
— @
Energy low but =
full phasespace é‘*
coverage <
: L 10° |
possible! “2
S
+= 10"
39GeV b
ymaxe :37 g
7 10' b
e 0
o
10°
-1 ! ! ! 1
10_1% ~0.5 0.0 0.5 1.0

longitudinal momentum z .
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High energy: ALICE - central D-mesons '-\X‘(IT

— Sibyll 2.3rc1
10° ‘ . . .
Lo? ALICE: Vs =7TeV, |y| <0.5 & D' tee(x100)
, @ D tcc(x10%) Central
10 & D' tee(x102) production
10 D tec(x100) almost entirely
] due to
ol perturbative
1 process

cross section do/dpy (ub)

~
SN

2| \ . N HH
10 0 5 10 15 20 25
transverse momentum p, (GeV/c)
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LHCD all D-meson spectra QAT

most central and forward rapidity region
—— Sibyll 2.3rc1 —— Sibyll 2.3rc1
10° : : : : : : : 10° : : ‘
4 D° (x10*) 4 DY (x10*)
@ ‘@ D (x10%)
@ @
e e

cross section do/dp; (ub)
cross section do/dpy (ub)

_?_

LHCDb pp Vs =7TeV, 4.0 <y <4.5

100 L
LHCb pp Vs =7TeV, 2.0 <y <2.5

! I ! I ! I ! -1 ! L ! I L I L
0 1 2 3 4 5 6 7 8 10 0 1 2 3 4 5 6 7 8
transverse momentum p; (GeV/c) transverse momentum p; (GeV/c)
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LHCb charged D-meson spectrum
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—— Sibyll 2.3rcl
10°§ . . . . . —
1085_ B 2.0<y<2.5 (x10%) Bh 3.5 <y <4.0 ( x101)
7’ @  2.5<y<3.0 (x10%) @ 4.0<y<4.5 (x10°) |
10" E

e 3.0 <y<3.5 ( x10%)

cross section do/dp; (ub)

LHCb pp— D" Vs =7TeV

0 1 2 3 4 5

6 7 8

transverse momentum p, (GeV/c)
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LHCb charmed Lambda spectrum ﬂ(“.

107 f

4  LHCb@7TeV pp—=A" +ec
@ pp -

cross section do/dp (ub)

(] 2 4 B B 10
transverse momentum p, (GeV/e)
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Inclusive charm production
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laboratory energy E, ., (eV)

10" 10% 10" 10" 10" 10%° 10"
= A E769 — o,
£ € LEBC-EHS ar” |
101 - dy Iyl <0.5
) Y LEBC-MPS
$ % HERA-B
g: A STAR
5 [0 PHENIX
c 10°F @ ALICE extr.pol.
O +,0
= @ ALICE £2 |y| <0.5
(@) Y
7
n
8 10t}
| -
O
v
2
)
2
2 10y —— Sibyll 2.3rc1
10' 10° 10° 10*

c.m. energy v's (GeV)
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Inclusive charm production, by process
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inclusive cross section o(pp —cc) (mb)

laboratory energy E, ., (eV)
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10" 10% 10" 10* 10" 10" 10
A E769 — o,
ol @ LEBC-EHS e ) <05 _
¥ LEBC-MPS :
% HERA-B f
A STAR L
[0 PHENIX ]
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do o
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e Y A R E
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- - - perturbative
107} - - - non perturbative 1
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Inclusive charm production,
compared to NLO QCD
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I rat nerqgy E
10%? 10*2 ab01(330ry © 1gl4gy La?ogse g 10 10Y
= A E769
E | @ LeBcEHs
< 1%t ¥ LEBC-MPS
% ¥ HERA-B
Q, A STAR
% B PHENIX -
- 10°} @ ALICE extr.pol. n
o
g |0 :
)
wn
wn
g 10®
—_ .
G Sibyll 2.2f
.021 perturbative
q non perturbative |
S 10 NLO MNR
10t 10° 10° 10*

c.m. energy vs (GeV)
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Charmed Sibyll compared to the MRS model '-\X‘(IT

—— Sibyll 2.3rcl

@ perturbative QCD 10°
W Extrapolating to low x

® Inlcuding saturation effects

(Martin, Ryskin, Stasto: MRS
Acta Phys.Polon. B34 (2003) 3273-3304)

—— MRS p—Air —— MRS pp

® QOverall charm scale very
different

® Component due to perturbative
QCD in Sibyll similar

Cross section zdo, ;,/dzy (ub)

- - - Sibyll pp
—— Sibyll pAir

10°=%1 02 03 04 05 06
Feynman-Xx zz
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Charmed Sibyll compared to the MRS model

—— Sibyll 2.3rcl

® perturbative QCD —
—— Iyl pp—
@ Extrapolating to low x — perturbative

. _ 10° Vs =TTeV, y=2.0 —— non-perturbative ;
® Inlcuding saturation effects
scaled to pert. Sibyll@z;=0.19

(Acta Phys.Polon. B34 (2003) 3273-3304)

® QOverall charm scale very
different

® Component due to perturbative
QCD in Sibyll similar

cross section z3’do,,/dx (1ub)

Ay *e
. .,
Ay .
. .
\
)\\,
8

-------- MRS model cc \ Y
----- MRS model z£ =0.75z¢ .
- - - MRS model, Peterson frad. ¢=0{043 | ®

=

S
=
s

0°=%1 02 03 04 05 06
Feynman-Xx zz
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Summary

® Charm production included in Sibyll event generator
® Charm model phenomenologic
® Perturbative component similar to NLO QCD predictions
® Essential non-perturbative component that dominates forward production

@ Phasespace covered by LHC experiments is not sufficient to determine
the prompt atmospheric component due to charm

Todo:
® Detailed look at charm in nuclear interactions
® Charmed interactions (?)
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SELEX charmed hyperon asymmetry
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