QCDO05, MONTPELLIER, 4-9 JuLy 2005

Heavy flavour production in high energy

ep collisions

12th

Igor Katkov @
Skobeltsyn Institute of Nuclear Physics

Moscow State University

High Energy Physics International Conference
on Quantum Chromodynamics
Montpellier - France, 4—9 July 2005

Introduction

Inelastic J/v production
Charm fragmentation
Charm with jets

e £ and FLb
® Beauty dijets and dimuons
® Summary and Outlook

I. Katkov

Heavy flavour production in high energy ep collisions




QCDO05, MONTPELLIER, 4-9 JuLy 2005

Introduction

® H1l and ZEUS @ HERA collider: 920 (820) GeV p on 27.5 GeV e+
® Hard scale: mg > /\QCD = perturbative treatment

® [actorisation in perturbative QCD:

o = parton distributions ® hard scattering ® fragmentation/hadronisation

® Test pQCD, provide experimental input for parton distributions,
fragmentation functions

s=(k+ P)%, /s=300o0r318GeV
lJ) Q2

'K 2 __ 2 2 __ 2 —
4% —(Q‘I-P),Q ——Q>$Bj:$—2(P.q)

y=(q-P)/(k-P)

photoproduction: Q2 < 1 GeV?
>X(IO+Q) DIS: Q° > 1 GeV~
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Inelastic J/v¢ production in DIS
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Inelastic J/v¢ production in DIS
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Fragmentation ratios/fractions
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Fragmentation ratios/fractions

Neutral to charged D-meson ratio R, /; = (cu)/(cd)
ZEUS (yp) + 0.078(stat.) T5 ey (syst.) 15 ag (br.)
H1 (DIS) 1.26 + 0.20(stat.) £ 0.11(syst.) & 0.04(br. @ theory)
combined eTe~ data 1.020 + 0.069(stat. @ syst.) "5 oq7 (br.)
Strangeness-suppression factor vs = (2¢s)/(ed + cu)
ZEUS (vp) + 0.024(stat.) T 52 (syst.) 5 ous (br.)
ZEUS 96-97 0.27 £ 0.04(stat.) T 05 (syst.) + 0.07(br.)
H1 (DIS) 0.36 4+ 0.10(stat.) = 0.01(syst.) £ 0.08(br. @ theory)
combined ete~ data 0.259 + 0.023(stat. @ syst.) 5 5o (br.)
Fraction of charged vector D mesons P¢ = (V)/(V + PS)
ZEUS (vp) + 0.025(stat.) Tga5 (Syst.) T 55 (br.)
H1 (DIS) 0.693 + 0.045(stat.) & 0.004(syst.) + 0.009(br. & theory)
combined eTe~ data 0.614 4+ 0.019(stat. @ syst.) T 5sc (br.)
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Charm fragmentation fractions

Fraction of ¢ quarks hadronising as a hadron:

N(D, A, D, A,
Fle— D.A) = (D, Ae) _ o( )
N(c) S o(D,1.14-A,)
ZEUS (vp) Combined H1 (DIS)
pr(D,A\.) > 3.8 GeV eTe™ data
n(D,A)| < 1.6
stat. syst. br. stat. syst. br. total
flc— Dt) | 0.2174+0.014 "5 50 0ote | 0.226 £0.010 757 | 0.203 +0.026
f(c— D% | 0.5234+0.021 755705 | 0.557 +£0.023 T55;5 | 0.560 4 0.046
f(c— DF) | 0.09540.008 75502 T092° | 0.101 £0.009 7555 | 0.151 +0.055
flce—=AF) | 0.1444+0.022 7055 T ome | 0.076 +£0.007 554
f(c — D*t) | 0.200+0.009 ) T2 | 0.238 £0.007 T5555 | 0.263 +0.032
charm fragmentation fractions are universal
Competitive precision everywhere
I. Katkov Heavy flavour production in high energy ep collisions
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Fragmentation function in DIS

® Study parametrisation of the fractional transfer of ¢ quark
energy/momentum (z) to a D-meson

* 2<(Q2<100GeV2,0.05< y < 0.7,pr(D*) > 1.5GeV, n(D*)| < 1.5, D* — Knry

® Hemisphere method: c-quark energy approximated by energy of a hemisphere
of D-meson, znem = (E +pL)p/ > 1o (E + pL), vp-frame, analogy to e™

RAPGAP ® Peterson/Kartvelishvili:
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Heavy quarks with jets

® QCD NLO calculations (problem of many scales):

— Massive scheme: no pr/mg logs resummation, valid for |0 < pr < few x mg
three active partons, no heavy quark excitation

— Massless scheme: ozsln(p%/m%) terms resummed, valid for |pr 2 few x mg|,

breaks down for pr < mg, up to five active partons, fragmentation into massive
hadrons after hard scatter

— Combined schemes

(& € (& (&
T g
g g
P p

I. Katkov Heavy flavour production in high energy ep collisions
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Inclusive charm jets (photoproduction)

PR

[ D’-tagged jet Ef>6Gev 1 25 Untagged jets ~ E®>6Gev T Untaggedjets  Ef>6GeV ]
3-— ® ZEUS98-00 3 :_ -- NLO QCD (massive) _.._ - - NLOQCD (massless) E

[ ] [ —— NLOQCD (massive) D had. } —— NLOQCD (massless) O had.
Jet energy scale uncertai nty: 1_5:- — Beaty T . NLOGCD (massesy nob . D' ]
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® [or all Er: shapes described by NLO QCD,

normalisation (almost) described by upper bound

® NoO excess in forward as for inclusive jets

L=79pb!

Q? < 1 GeV?
130 < W < 280 GeV
P2 >3Gev, 0P| < 1.5
kr clust. algorithm

EF' > 6 GeV
—15<" <24

D*—tag :
AR = /A2 + A¢?2 < 0.6

Massive: FMNR
Massless: Heinrich, Kniehl
(only untagged jets)
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Charm jet correlations (photoproduction)

3 ZEUS e Dijet sample: ES' > 6 —
(=) N I DL L B - E~ '~ 1 "~ T T3 . .
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I. Katkov Heavy flavour production in high energy ep collisions 11



QCDO05, MONTPELLIER, 4-9 JuLy 2005

Shape of jets in charm photoproduction

® Insight into hard scatter process using jet structure variables: jet
shapes initiated by quarks and gluons are expected to be different

p(r) = piSt(r )/p%%r = R(=1)),r = /(An2 + A¢?)
(P(r)) = Niets N 2event sample Y (r)

® Two photoproduction dijet samples (with and w/o charm-tag)

® Charm-tag using semi-leptonic decay muon with high pp
L =48pb~1

Dijet+muon Dijet

Q- <1GeV? | <0.01GeV?
Y 0.2...0.8 0.3...0.65
inclusive kt cluster algorithm
'Tet > 7 and > 6 GeV

et < 1.7

p% > 2.5 GeV

I. Katkov Heavy flavour production in high energy ep collisions
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Shape of jets in charm photoproduction

® Tagging technique: 2D fit of p¢ (pr
w.r.t. closest jet) and ¢ (track impact pa-

rel ‘

P

-

rameter) to PYTHIA distributions for uds, c
and b as if we wanted beauty but invert pf¢!
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Shape of jets in charm photoproduction

charm sample charm sample dijet sample dijet sample
A | xos<0.75 A [ xos>075 AL X075 AL xe>075
=1 =1 s s
= = = =
AVARN V \Y \Y
0.81- 0. 0. 0.
0.6
04; ¥ ___:' ! ::: :
I * H1 Data (prel.) I + H1 Data (prel.) Ny e H1 Data (prel.) I * H1 Data (prel.)
F — Pythia A — Pythia i Pythia s Pythia
R A direct 02 ¥ direct R Y direct 021 AR direct
[ e resolved [ e resolved [ T e resolved [ e resolved
0 - I - ‘ - ‘ - ‘ - I Il 0 - I - ‘ - ‘ - ‘ - I Il O - I I ‘ - ‘ I ‘ - I Il O - I I ‘ - ‘ I ‘ - I Il

02 04 06 038 02 04 06 038 02 04 06 038 02 04 06 038 1

r/lR r/lR r/lR r'R
® Charm sample: jet w/0 c-tag enters distributions

o PYTHIA direct: mainly quark jets, PYTHIA resolved: mainly gluon jets

® Recall: charm dijet angular dist. in photoproduction at low a:,‘;bs well described
by PYTHIA (charm excitation)

® DATA, dijet sample w/0o c-tag: different shapes for low and high angs, well

described by PYTHIA for any angs

o DATA, dijet sample with c-tag: similar shapes for low and high a;gbs, not
described by PYTHIA at low x3° (lack of gluon jets in DATA)

I. Katkov Heavy flavour production in high energy ep collisions 14
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F5°
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0.6 —

04 —

Q=35Gev: |
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v HI Data (High Q%) T,
= HID* NN
+ ZEUS D* Lo i

| -~ MRSTO4

® Inclusive lifetime tagging: for heavy quarks
tracks have high significance S = §/0(6)
® Significance distributions: S; - significance of
track with 7 th highest abs. significance
® F[ractions of ¢, b and uds from simultaneous

fit to at least S1 and S> (and total number of
events); very high acceptances

® Extand measurement of F$¢ and F§5 using
S1, 52,53 to low Q2

* 3.5<Q2%<60 GeV?, 0.000197<x<0.005

® New F5¢ data in ageement with other mea-
I ggffHQ surement techniques (ones with much higher
W‘Hm} RRER I extra DO|atI0n)
sz 650 Ge\/l ; ;“‘ E ® H1 Preliminary
g 10 BT — Total MC
b ke "
0.2 ; 102? N .““:':::-i...:...;
0 uu\_ uu\_ \2 \‘\tu \4 \m\_%\ ;
10 10 10 10 10 ° 1 | | 1 | L
X 0 2 4 6 8 10 Sz
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bb

H1 PRELIMINARY
Iﬂ(\l 0.02 7““‘ T T T “7““‘\ T T T
o Q’=35GeV’ | Q%= 12 GeV?
oors [ HiPreliminary 3 7 ® Inclusive lifetime tagging: first measure-
r v HI1 Data (High Q) T -
- MRSTOS ‘ ment of F§
001 - CTEQ6HQ s
L T o ® No evidence for large excess of b com-
0005 T ] pared with NLO “massive ® massless”
0 F b (VFNS) QCD
0.03 |- Q*=25GeV? | . . .
P ® In this kinematic range charm and beauty
i Ccross sections are on average 22% and 0.8%
L ] of total ep cross section
0.01 } —
O poanpr e “H””}i”w
0.06 - Q’=200GeV? |
0.04 ;
0.02 ;
0 i
10°
X X
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Beauty and charm with dijets (PHP)

1000

800

do/dn™™"* [pb]

600

400

200

® Inclusive lifetime tagging enables a purely inclusive measurement of charm and

CHARM
® H1 Data (prel.) dord™ _
* (ep= X->ejjX
_____ Pythia o/dn  (ep—>eccX—>ejjX)
Pythia res. Q®°<1Gev?015<y<08
------- Cascade

— NLOQCD O had

pl* > 11 (8) GeV
-0.88<n’<1.3

jet,

do/dn”™"* [pb]

200

150

100

50

BEAUTY

® H1 Data (prel.)
----- Pythia dir. + res.
Pythia res.
------ Cascade
—— NLOQCD O had

Q*<1Gev?015<y<08
plt > 11 (8) Gev
-0.88<n’®'<1.3

do/dn”™" (ep->ebbX->ejjX)

jet,

beauty dijets (w/o requirement of hight pr muon = reduced extrapolation)

® H199/00 et data: Q%2 ~ 0GeV?, 0.15 <y < 0.8, p* > 11(8) GeV,
~0.88 <t < 1.3

® Beauty: FMNR (QCD NLO, massive) below data for jets in forward region

I. Katkov
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Beauty with di-muons

e New results on bb production
(data 1996-2000): sophisticated
analysis of uu correlations

ZEUS
E 250_\III|II\\|IIII|\\II|II\\|IIIIJ_\
= C e ZEUS (prel.) 96-00 n
g - C_IbbMC
I 200~ ] Jhyy, BHMC £
- [JctMC ]
150; [ 1 1fl bg est. {
100— +i '
50— | - .
0_ 2 1 | 1 | L1l | L1l |\: Je-t
¢ 05 1 15 2 25 3
Atl)”"

primary vertex

u+

I. Katkov Heavy flavour production in high energy ep collisions 18
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Beauty with di-muons
ZEUS ] ZEUS
= [ L L e e '] }10 ;'""""'""I""I""I""I""""—:
£ | ¢ zEUs (pret)96-00 ] 3 t e  ZEUS (prel.) 96-00 '
8 | — PYTHIA+RAPGAP x 1.95 ‘_g_ — PYTHIA+RAPGAP x 1.95 |
5} I 5
T Lo

00 0.5 1 15 2 25 3 2 3 4 5 6 7 8 9 10

AQ,,. pr,/ GeV
ZEUS ® Acceptance down to very low p% (B mesons

2 A Fr oo T U UL L
E a0 | ® ZEUS (prel) 9600 E “at rest”) = low extrapolation

Q F— PYTHIA+RAPGAP x 195 1 Lo

S5 1 @ Almost full rapidity coverage by p-detectors
5 1 = large n* range (—-2---+2.5)

s 1 e Direct measurement of bb correlation ApHt

f (NLO predictions coming soon)
I {1 ® sitlep — bbX@©@,/s = 318) = 16.1 + 1.8(stat. )+53(syst )nb
NLO QCD (FMNR(PHP)+HVQDIS(DIS)): 6.872%nb

P I I SN SR SRR SR SR B
0 2 15 1 05 0 05 1 15 2 25
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Summary

® More tests of different aspects of
QCD in charm and beauty production
processes

e NLO QCD calculations (where avail-
able) are in general agreement with
data

® Good understanding of ‘standard”
physics is vital for searches of new
phyiscs also at future colliders

bb

c* /o

NLO QCD
(0]

~

B H1 P O (iX) p{el CImpact Parameter
® Hi DIS: 0, (€juX) pIEI [Inpact Parameter
VvV H1i FE (high Q%) Impact Parameter
A H1Prel Fbb (low Q%)  Impact Parameter
gn HiPrel. yp: dijets Impact Parameter
* H1 D*u Correlations
O ZzEus i o, i) pr
O zeus|  DIs:o, (ejpX) p;
ﬂ{ ZEUS| Prel. D*u Correlations
{ ZEUS|Prel. pp Correlations
‘L W
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Outlook

HERA delivered

N

o

o
I

HERA Il e~

e HERA I (1993-2000): £ ~
193pb~1 delivered; HERA I
(from 2002 on): increased rate,
polarised beams, upgraded detec-
tors, £ ~ 187 pb— 1 delivered

175 |
150
125

100 |
HERA Il &*

Integrated Luminosity (pb'l)

~
)]
T

50 -
® New results are expected soon 2 |
L A T T ST N AN T T S SR N
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E 00 %_ [ Wrong Charge _% S 80; —— beauty+charm MC é
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§ 400 E— i a0 E
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