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Heavy Flavour production provides multiple hard scales:
@ large mass mp/mc
@ large photon virtuality Q2
@ high momenta pr

— Should ensure reliable predictions

Monte Carlo programs (leading order + parton shower)
@ DGLAP evolution (collinear factorization)
Rapgap (DIS)
Pythia (vp)
@ CCFM evolution (ke-factorization)
Cascade (DIS+p)
NLO Calculations
HVQDIS (DIS)
FMNR (vp)

— Stringent probe for perturbative QCD
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Heavy Flavour Production Mechanism

Dominant process: Boson-gluon fusion J

"direct” "resolved” (including flavour excitation)
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Heavy Flavour Tagging

Different experimental techniques to use
(combine) for heavy flavour tagging:

@ Meson identification
D** tagging (" Golden Decay)
@ Decay spectra

p7 of lepton to jet axis

@ Lifetime information
Measure impact parameter with
respect to primary vertex (beamspot)
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Part |

Charm Production
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D* production in DIS & PhP

Charm quark tagged by a D* meson decaying in the golden channel

e 0. % S, _de, 3t
D — D Tslow K¥m Tslow J

Data/MC sets and NLO calculation:

DIS PhP
Data: 2004-2007 (£ = 347pb~1) Data: 2006-2007 (£ = 93pb~1!)
LO: Rapgap and Cascade LO: Pythia and Cascade
NLO: HVQDIS NLO: FMNR

Kinematic range:

@ 5GeV? < Q% < 100 GeV? o Q% < 2GeV?
0 0.02<y<0.7 9 0.1<y<0.8
o pi(D*) > 1.5GeV o pi(D*) > 1.8GeV
o |n(D*)| < 1.5 e |n(D*)| <15
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D* production in DIS

L H1 Preliminary
HERA I

i K: rF rg\ovv
fit
N(D*) = 20803 * 282
Ll

6000 [—

Entries / 0.5 MeV

4000 —

AM distribution for
i o determination of

*
2000~ number of D* mesons

5< @ <100 GeV
0.02<y<0.7

n (D9 <1.5

P, (D¥) > 1.5 GeV

[ L
0.14 0.15 0.16 0.17

M(KTm) - M(KT) [GeV]

Total visible cross-section
ot (etp — e D*X) = 4.85 + 0.07 (stat.) 4 0.42 (syst.) nb J
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D* production in DIS

Differential cross-sections in Q2 and py(D*)
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D* production in DIS

Double-differential cross-sections in y and Q?
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D* production in PhP

Differential cross-sections in pi(D*) and n(D*)

D* in Photoproduction
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D* production in PhP

Double-differential cross-sections in p¢(D*) and n(D*)
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Beauty Production
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Beauty in Dijet PhP using electrons

Data: HERA | (£ = 120pb) /7
LO: Pythia O«
NLO: FMNR ] w //

@ Dijet events with E1 > 7(6) GeV

@ Semileptonic decays to electrons ZEUS

® Combine several 2wk o T

L. K . * ZEUS 120 pb*
discriminating variables z

in likelihood test function: 10*E PYTHIA (scaled)

E Hllb-ex
Electron identification: 1°F me - ex
dE/dx, EMC fraction, E/p 102k (e
Decay identification: :
A¢ and pre! 108

2InT
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Beauty in Dijet PhP using electrons

9 10 T T T T T T 3 S T T T T T
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ks . .
o 60F }} E cross-sections In
© 40k i T e e Ethl jetl
90-""*"" E pTy ”7 ’ T 77]
v

-%.5 -Il -0‘.5 6 OTS ]I. 1.5
n @ NLO prediction
. consistent with

S 9 o0t

38 S o o boex . Data

5 B = NLOQCD

:v E --- PYTHIAX 1.75 ° Scaled MC
"L 8 C

= ° distributions
(o]

°

describe the
shape well

10 15 20 25 30
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Beauty in Dijet PhP using muons

Data: 2005 (£ = 124pb~1) : Jet axis
LO: Pythia ;- @
NLO: FMNR Tspot §>0

@ Dijet PhP events with
piﬁt > 7(6) GeV 4
@ Semileptonic decays to muons Jetaxis;
—-16 <nt <23
pl > 2.5GeV
@ Simultaneous fit of
impact parameter and pﬁfﬂ

i
i
i

i

I

I~
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Beauty in Dijet PhP using muons

ZEUS

muons

® ZEUS (prel.) 2005 (124 pb™)
— "LF+ccibb MC
c

103

Data: 2005 (£ = 124pb~1)
LO: Pythia o’
NLO: FMNR

(]

Dijet PhP events with 008006004002 0 002 004 096 18
piﬁt > 7(6) GeV
@ Semileptonic decays to muons -
—-16 <nt <23
pi > 2.5GeV

@ Simultaneous fit of o7

impact parameter and p§el

ZEUS

® ZEUS (prel) 2005 (124 pb)
2 ey MC
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05 1 15 2 25 3 35 4 45
P (Gev)
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Beauty in Dijet PhP using muons

ZEUS

ZEUS

do(ep - e bbX - €jj uX)/dp} (pb/GeV)
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i
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Beauty in PhP - double tag

Data: Hera | (£ = 114pb~1!)
LO: Pythia + Rapgap
NLO: FMNR

@ PhP and DIS

@ Two identified muons in the
final state

@ Extract b fraction from
difference between unlike-sign
and like-sign distributions

Advantages:
@ No jet requirements
@ Low p}' thresholds
@ Measure bb correlations

jet

K

T Dt

A

zacondary

B

primary vertex
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Beauty in PhP - double tag

ZEUS ZEUS
ﬂ 2507\\ TT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT H — , , ;
= L ¢ ZEUS114pb* 5 )
g F CJbbMC LUH & [ ¢ zEUs114pb1 1
[ 200~ ]y, ¢, BHMC -+ 2 — (PYTHIA+RAPGAP) x 1.84
r £33 ;‘fl MC . 1 T 20 [ ES NLOQCD (FMNROPYTHIA) —
= alse -
C ] o I ]
C B 5 18
100— — ©
r 7 10 ]
50— =
C ] 5t + ! E
Cb 1Ty Ll 3 : : :
05 1 15 2 25 3 05 05 T 5 > 3

25
A (rad)

Ag*

o A¢H* = angle between muons from different quarks

o Correlations expected to show higher order effects
— Good description, but large uncertainties

V. Schénberg (Uni Bonn) Heavy Flavour at HERA 08/07,/2008 19 / 30



Beauty production
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FS¢ and F5b
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cc bb
5¢ and F3

Data: 2006 (£ ~ 54pb~!)

LO: Rapgap, Cascade ” 107e Measurement of F and F2°

S § + H1 Data (Prel.)
Kinematic region: g 10— JotalMC H1
12 < @ < 650GeV? R
0.0002 < x < 0.032 10
P > 0.5GeV 10E

Ol vl vntl Wil ol il

@ Aim: Measure charm and beauty
contribution to inclusive proton
structure function F, in DIS I B
0.1 0.05 0 0.05 1
@ Use impact parameter significance 5/cm

0/0(d) to extract beauty and
charm fractions
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cc
2

6

bb
F3

and

Measurement of F< and F2°

Measurement of FS and F2°
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Significance ¢/c(0)
for highest significant
track S1 and

second highest
significant track S2
Simultaneous fit of
the subtracted S1
and S2 distributions
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o 0.6
0.4
o z - 0.2
Calculation of F5° via
reduced cross-section 0
0.6
~cE 2 d2 cc Q4
© (X’Q ) dx dQ? 2ma?(1+(1—y)?) 04
F£¢ evaluated after corrections for the
longitudinal structure function Ff<: 02
5¢¢ — Fcc Fcc 0
2 1+(1 y)?
0.4
Combine with HERA | result
0.2
0
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H1c CROSS SECTION IN DIS

r Q*=12GeV? [ Q%= 25 GeV?
. . . . .
r Q*=60GeV? [ Q= 200 GeV?
. . . . . .
Q=650Gev210™* 107 107 .
r + HLHERA |
v HLHERA |1 06 e p (prel.)
* H1HERA I+1 06 e p (prel.)
L — MRST04
H1
. . .
0% 107 10
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cc bb
5¢ and F3

H1+ZEUS F,%(x,Q%) H1+ZEUS F,%(x,Q°)

X=0.0002
i=5
X=0.0006
i=4

ir x=0.002
i=3

10 b E
t x=0005
g 1=
s |
-1
10 E
* HLHERA I+1106€ep (prel.)  x=0.032
= ZEUS (prel.) 39 pb™ i=0
02 MRSTO4 % i
—— MRST NNLO
CTEQ65
——————— HVQDIS + CTEQSF4
10 3 L L L

10 10°
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o Latest results of heavy flavour production at HERA presented
@ HERA Il data provide large increase in statistics

@ New methods used and improved (lifetime tagging)

@ Shapes well described by LO MCs
@ General agreement with NLO QCD predictions

@ Beauty production summary plot shows reasonable agreement
between various measurements and NLO prediction

o FS¢ and F5% measured over a wide range of Q2 and Bjorken x
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BACKUP
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D* production in DIS & PhP

Selection cuts:

in DIS in PhP

pe(K) > 0.3GeV pe(K) > 0.5GeV

pe(m) > 0.3GeV pe(m) > 0.3GeV

Pe(Tsiow) > 0.12 GeV Pe(Tsiow) > 0.12 GeV

pe(K) + pe(m) > 2.0 GeV pe(K) + pe(m) > 2.2GeV
/\/I(Kw) M(DO)| < 0.08 GeV M(Kw) M(D®)| < 0.08 GeV

© 6 ¢ ¢ ¢
© 6 ¢ ¢ ¢

Cross-section determination

tot _ Np«-(1=r)
vis T L.B(D*—Knmgiow) € (1—0rad)

[
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Beauty in Dijet PhP using electrons

2 2
2 z
=1 =1
2 2
8 s
£ £
< < Discriminating variables
o et @ dE/dx
o 05 1 15 2 25 3 35 4
PI'(Gev) o prel
t
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£ F 1 e © | @ EMC fraction
Emlg 777777 k! E‘ ° A(i)
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0 L L L L L 1
05 U‘E 0‘7 0.8 0‘9 ; o 05 1 15 2 25 3
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2
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A i “coeX
10°F .- K Bkg
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Beauty in PhP - double tag ZEUS

Method
@ Sample split into different charge combinations

@ 2 muons from same b quark
— Unlike-sign muon pair

@ 2 muons from different b quarks
— Like-sign or unlike-sign muon pair

@ Use difference between unlike-sign and like-sign distributions to
extract beauty contribution
— Almost free from false-muon background
— Other background sources: Charm, heavy vector mesons,
Bethe-Heitler
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