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Colliding experiments at HERA
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¢ = (k-k?=-¢" (2 exchanged boson virtuality
s=(k+P)? X proton’s fractional momentum
W= (gt P) carried by struck parton

photoproduction(yp)

deep inelastic scattering(DIS)

0 Q2%(~ 1GeV?)
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Introduction

Heavy flavours in QCD
|Factorisation: Parton densities Q) pQCD () Fragmentation |

2
0 .
~* L70 quasi-real

e (k) w@
—s—0c, b —>—0c, b

& Partonic cross section

Hard scales: mg p, py, Q2

Dy ,n: fragmentation function of quark
h to hadron H

z: fractional momentum of H
relative to h

|c‘>q/p: probability density of finding parton q in proton, carrying momentum P |
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Charm inyp inDIS Fragmentation

e Charm production
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Charm inyp inDIS Fragmentation

Charm production

Previous measurements of inclusive charm production have
shown general agreement with NLO QCD predictions.

Recent measurements:
@ Exclusive charm + jet photoproduction to understand
photon’s hadronic behaviour
@ Charm production in DIS to constrain gluon density in the
proton
@ Charmed hadrons production to confirm charm
fragmentation universality

WANG Meng Heavy Flavours in High Energy ep Collisions



Charm

in DIS Fragmentation

D* + jet photoproduction
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@ Consistent with NLO massive and massless calculations
@ No excess in the forward direction
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Charm inyp inDIS Fragmentation

Dijet correlation

|A¢” — sensitive to higher-order topologies
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Charm inyp inDIS Fragmentation

Jet shape in charm + dijet photoproduction

Tag charm jet by muon and look at the other jet

jet .,
r’<r
v(r) = Pr’<n A [ xos<0.75 A [ xoes5075
pjet(r, <R) %_1 Y % Y
Zjets w(r) v Vo
(V(r)) = 0.8 0.
Njets
¥o 0.6F
r
R 040
+ H1 Data (prel.) Lo + H1 Data (prel.)
— Pythia roff — Pythia
020 f direct 02r i direct
- resolved [ - r@solved
- | N AN A I I S AN N AR
PYTHIA: 02 04 06 08 1 02 04 06 08 1
/R /R

@ excitation ~ 35%

@ proton: CTEQSL |DATA: fewer gluon jets at low X, |
@ photon: GRV-LO
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Charm inyp inDIS Fragmentation

Exploiting low Q2 region
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| NLO QCD: well over 4 orders of magnitude in Q2 |
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Charm inyp inDIS Fragmentation

First charm result from HERA Il
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Charm

n A

in DIS Fragmentation

(8]

Probing gluon density in the proton
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HERA, D* in DIS
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in DIS Fragmentation

Precise measurements of F5¢ at HERA

cc cc
HERA F, HERA F,
18, 0.6 [ g T Sy
WL [ Q°=2Gev 7Gev - x=0.00003 (x 4%%) 1
[ o H19697(D%) X = 0.00005 (x 4 El
04l = H1oe00T T 1 2 = 0.05)0072 4% 1
L e zEUS98-00 (D*) o 17, 3
b o ZEUS96-97 (D*) /”‘ X :0'00,013 (<4 ) 10y i
ZEUSNLO A’/V x = 0.00018 (x 4 ]
o, oo + 1 . x =0.0003 (x 4%%)
,("w- X = 0.00035 (x 4™ 1
R R e SN Sl B /x=0-0005(x4”> ]
[ 11 Gev? 18Gev? 30 GeVv? /‘,.5/- X = 0.0006 (x 4'%) 3
06F 4 I ] x = 0.0008 (x 4) i
F — x = 0.001 (x 4)
04} ] T ] /); 0.0012 (x 4%) E
[ ﬂ// X = 0.0015 (x 4% ]
02 B 1 1 /ﬁ X = 0,002 (x 47) E
r " E
0 ot S s ey XTOMBO)
— 130 Gev? 500 Gev* ey X000 9 ]
b x =0.006 (x 4% §
o4r n ] 0008 (x 4 ]
F X =0. X

b H196-97D* -~ ¢ 3( -001273
0al H199-00 (VTX) x4
il T 71 ZEUS 98-00 D* _ 1 E
[ ZEUS 96-97 D* o X= 0’22 (: 4 g) 0 ]
L = ZEUSNLO QCD e <
ol IFIVETVESVE: SRVEVVESRERR RN Q'\'iz'"_—i\ 3'("‘40)5

10° © o107 107 10 10 1 10 10 10
Q° (Gev?)

WANG Men

eavy Flavours in High Energy ep Collisions



Charm in~vp inDIS Fragmentation

Charm fragmentation function
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| Spectra similar in shape despite different definitions |
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Charm in~vp inDIS Fragmentation

Charm fragmentation ratios and fractions
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Consistent with fragmentation universality
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Beauty Production Fé“’ Latest

e Beauty production

WANG Mei eavy Flavours in High Energy ep Collisions



Beauty Production Fé“’ Latest

Beauty production

@ my > M. pQCD calculations more reliable
@ But, suppresion = oygs : 0¢ : op ~ 2000 : 200 : 1

m2
. E, =10 ~ 20 GeV XQZ—Q
M E, - 920GeV

Q . -4
» Eg = x4 - 920 GeV C.X921O
4‘%&; b:xg>10"3

@ Anyway, beauty “puzzle” seems to be over. ..

WANG Meng Heavy Flavours in High Energy ep Collisions



Beauty Production FJ° Latest

Beauty photoproduction: u + dijet
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Beauty Production FJ° Latest

Beauty production in DIS: 1 + jet
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Beauty Production FJ° Latest

Total beauty production

Excess confirmed by integrated cross section measurements
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WANG Meng Heavy Flavours in High Energy ep Collisions




Beauty Production ng Latest

First measurement of F2P
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8 x=0.0002
[ i=5
a<90" — d=+/3 @>90° — §=-/3
102 x=0.0005
= = Primary Vertex i=4
\8“,:’ o \\ Jet Axis h i Jet Axis
. \\\ k1
Primary Vertex Track\\ r¢ plane \\T‘rack 0L
g 'E «  HiData
I = Total MC 1L
= Al
10 E
10° ;7
E -1
C 10 F
10° * H1Daa
E + H1 Data (High Q) x=0.032
wl — MRST04 i=0
5 ! 0d MRST NNLO /}/
. T I = CTEQBHQ
-20 10 2
Significance
02— T 10°
|Two VFNS NLOs and one NNLO reasonably describing data f Q 1GeV?

WANG Mei eavy Flavours in High Energy ep Collisions



Beauty Production ng Latest

Heavy flavour contributions to ep cross section
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Beauty

Latest version of beauty production summary

Production F;D Latest
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@ ...many new points — large excess of early measurments
NOT confirmed,

@ although NLO calculation still consistently below data.

WANG Meng Heavy Flavours in High Energy ep Collisions




Summary

@ Summary
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Summary

Summary & Outlook

@ Some recent heavy flavour measurements at HERA were
reviewed

@ NLO calculations are in general agreement with the data

@ There are still problematic regions at small Q2 and P, and
in the forward direction

HERA delivered

= Improved models needed! 5 f HeRa e
Sl
E’ 125 | HERA |
E sk JHERAN &
@ Outlook — HERA 1l results! wf ]
@ Higher luminosity st
@ Improved detector ol

| | |
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