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Short Introduction to HERA

- HERA collides 27.5 GeV ex+
with 920 (820) GeV protons

Vs = 320 (300) GeV

< Example: Neutral Current
Exchange

< photon virtuality: Q2

Deep Inelastic Scattering (DIS):
Q2 21 GeV?
Photoproduction (PhP):
0%~ 0 GeV?

< Bjorken x
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h Beauty Physics Motivation M
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- Heavy quark production: Boson Gluon Fusion (BGF)
< test of QCD

< probing photon and proton
structure

< Heavy quark masses:

< hard scale for calculations
< testing pGQCD

< multi-scale problem

< Studying non-perturbative < Beauty production in pp
_issues such as fragmentation gpq vy above predictions

Now let's look at ep data
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| PQCD Calculations & Monte Carlos |
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NLO Calculations on the market:

e Fixed order (massive) scheme FMNR (PhP)

@ i i Iﬁ
massive b quark produced via BGF HVQDIS (DIS)

¢ u,d,s,c — active flavours in p and y

e applicable for p,~ m;

e Resummed (massless) scheme ¢ Parton shower with DGLAP
evolution MC models:

e massless heavy quarks

¢ u,d,s,c,b active flavours in p and y ¢ ?YR’I?IP&AA, E%l;c‘;ﬁ%

< Parton shower with CCFM
¢ Matched Calculations (FONLL) evolution MC models:

e applicable for p>>m,

¢« CASCADE
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H Beauty in Photoproduction l

o p;el method to tag beauty ¢ p;el fit to data of different
in semi-leptonic b decays flavour MC
'E C bY
o n w FEUS {prel) 9900
10 “%
© = t - 0275 L 0020
- —  bbtccsh
[ B4 bb
10 °F
il
e’ P 1D
b 1 2 3 . | 5
g (GeV)

F = (28+3)%
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h Beauty in Photoproduction M
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ZEUS: 96/00 ~ 98 pb-1

Q?<1GeV? 0.2<y<0.8
At least 2 jets in the Lab frame:

O(ep - bb X Jet Jet X) P > 7 (6) GEV, I [ <25

At least 1 muon with:

° U extrapolated using PYTHIA

Pr,.” 25GeV, -16 <n,< 2.3

Total visible dijet cross section:
o (ep —» bb - Jet Jet X) =
733 = 61 (stat.) + 104 (syst.) pb

NLO GCD (FMNR) = 381 +117 -78 pb

pQGCD below data
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i Beauty in Photoproduction !
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ZEUS: 96/00 ~ 98 pb-1 F, =2213% (96-97), 27+3% (99-00)

ZEUS
E" _"'Id'(j'"I""I"_"I""I""""I""I""I""
° xy distribution measured £ gsop [ T @PPRl ]
Eg" i Q%<1 GeV? 0.2<y<D.8
3

. [ P76 Gev <25 ]
2000 - | ZEUS (prel.) 96-00 d

— resolved y | B Lo oD s -

¥ (Xy< 1) I NLO QCD :

1500 -

1000 | =

p > 4

e e R R S
00 01 02 03 04 05 06 07 08 09 1 _

@ significant resolved eas
component in b PhP xr\l/1
NLO underestimates both direct

and resolved beauty PhP
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h Beauty in Photoproduction M
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ZEUS
ZEUS: 96/00 ~ 98 pb-1 5 2. (opstbose i
3 2*:: eV‘2 o b
ﬂ&_ L3 3,‘-’721;:5 Ge‘?fz ﬁ:;s
= frergerere -1.6<n"<2.3
< different kinematic range E: 10 i 2 ZEUS (prl) 9500
C NLO QCD x hadr.
o different x-section definition: i = N 88
O(ep - bb X -, Jet Jet U X)
1
|
e differential x-sections as a 1r
function of u variables '

data above NLO but pH (GeV) |
[ ] [ ] [ ] [ ] T
agrees within uncertainties
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h Beauty in Photoproduction M

b production: impact parameter

H1: 1997 ~15 pb*!

P ™ + Lifetime information - H1 * Dataprel)
107 e charm
O_(ep — bb X — u X) EL : — fahke muons
5" F_=(26+5)%
Q°<1GeV? 01<y<0.8
At 1 one muon with:
p,,>2GeV, 35°<0 < 130° !
-01 -0.05 0 0.05 01 015
0 (cml)
'97 data (2D-Fit): 160 + 16 (stat.) + 29 (syst.) pb
H1 Combined 96+97: 170 + 25 pb
pQGCD below
NLO QCD (FMNR) = 54 + 9 pb PhP data

O(0 ) QCDIICCFM (CASCADE) = 67 pb

O(ct ) QCDODGLAP (AROMA) = 38 pb
) =— — —
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h Beauty in Deep Inelastic Scattering M

— —ﬁ

H1: 1997 ~10 pb*! (P,3) 2D Fit - F, =43%8 %
PTlrel + Lifetime

— Fit

| # o H{ - Data(prel)

O(ep - bb X, M X) 20 = el
:
™
e

2< Q% 100 GeV? 0.05<y<0.7 § 10 _
At least 1 muon with: §

p. >2GeV, 30°<0 <160°
Tu H

o L -l
0 1 2 3 rel ( a V)5
€
'97 data (2D-Fit): 39 + 8 (stat.) + 10 (syst.) pb pT
NLO QCD uvgpis) = 11 + 2 pb pQCD below
O(c ) QCDICCFM (CASCADE) = 15 pb H1 DIS data
O(0 ) QCDUDGLAP (arROMA) = 9 pb
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| Beauty in Deep Inelastic Scattering |
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ZEUS

ZEUS: 99/00 ~ 60 pb-1 Sy i oy e
3 alep e bbX e uJet X) |
¥-| @ ZEUS (prel} 99-00
0 (ep — € bb X-’ € Jet l«l X) N& E — NLO QED(HVQDISJ
% 1 3 — 4.5<£r1b<:5.0 G:V ] E
first differential x-sections in DIS e ] 14(Q%am3 < ¥ < AQ%amd)
4 D0E<wy< 07
10 Py > 2 Ga¥, 30° < 8, < 160° -3
- Eti:“:.aeev, —E{n:{E.E ;
data above NLO but agrees | ¢ ]
within uncertainties 5
-3
10 1 I R | I I ||||||I2 I I |
10 10 2 210
Q" (GeV’)

0=38.7+7.7 (stat.) +6.1 (syst.) -5.0 (syst.) pb

NLO QCD (HVQ@DIS) = 28.1 +5.3 -3.9 pb
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i Beauty in Deep Inelastic Scattering !
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ZEUS: 99/00 ~ 60 pb-1 ZEUS

o L ]
E s ale’p — e bb X — et put Jet X3
0] (ep - e bb X—> € Jet lJ. X) E I i & ZEUS (prel) 99-00
B R ;e Ofec,) QCD@CCFM (CASCADE) |
% 1 A Ofer,) QCD@DGLAP (RAPGAP)
E : L _______________
> CASCADE (with CCFM evolution) B L f """"""" i 0.05<y< 07
describes data well 0 R e
> RAPGAP (with DGLAP evolution) i ]
underestimates data 4 S — '
10 | i
1nqﬂ_| L [ B | L 1 Lol L L R B |
10D 10” 5 i 2103
Q" (GeV’)

g 0= 38.7%7.7 (stat.) +6.1 (syst.) -5.0 (syst.) pb

O(a ) QCDOCCFM (CASCADE) = 35 pb
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e
e method exploits charge &

angular correlations to
separate charm and beauty

° sensitive down to p,~ 0 GeV

- @ ZEUS (prel.) 96-00
C[Z7] beauty

3 charm (prompt p)
30 L[ charm (fake p)

candidates
W
4]

g
000000000000,
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ZEUS: 96/00 ~114 pb-l pQCD below data

Photoproduction region:
Yeap(P)<1, @°<1 GeV?, 0.05<y < 0.85 ZEUS

}TU_'I"'I"*'I"'_:.?U'I"'I""I"'
_ g - AR=2, 3= M{p-D)=5 GeV : % ; AR =2, no M{p-D) cut
- 80 s ZEUS {prel ) 96-00 - 8 r
oO(ep - eb(b) X) = 9 [ beauty 2 | I
( p ( ) ) .E 50 £ =3 charm (prompt p) .E % [ unlike-signp-D
E 10 I MM eharm itake p) E .
[ o] wrong charge Kn r
15.1 + 3.9 (stat.) +3.8 -4.7 (syst.) pb I S & |
30 ¢ unlikesign pD’ 34 beauty - - 13 beauly
C 1charm C 61 charm
20 -
NLO QCD (¢fMNR) = 5.0 +1.7 -1.1 pb o
u L
% r like-sign p-D
beauty 20 like-signp-D° 3::::: o0 15 beauty

signal

AM(D*-DO)
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Double-Tagged Beauty Events
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Charm scaled by 1.8
Beauty scaled by 3.6
shapes agree well between

H1 results: 97/00 ~91 pb™

data and LO
o(ep -~ eqq X- eD*uX) = ~ o3
B e -+ 11 Fraim. A @4
- -%l% [ dham = mE
* - * S B B oa L '
P, (D*)>1.5 GeV, -1.5<n(D*)<1.5 “Ew*%_z_' = _E o -
p, >1 GeV, -1.74<n <1.74 g R - z;;
[;E"“a%%%%%gg%gﬁm% 3?_ O
3 S e S S
N PAD"IL ) [GeVie)] PO )
Charm: DATA/LO (AROMA) = 1.8 .
3 = wor
Beauty: DATA/LO (AROMA) = 3.6 %“3‘5 : g |
L OMms—
T ozst T 0
~ o.2- l 5 ool
£ o5 - -
G nm ) _ Ey————
R %WW

M{D ) [GeVic®] AT
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N Summary & Conclusions M

e beauty production in e-p

b cross section at HERA collisions: good test of pQCD

E, - L|l > | | | .
E 6E = HA1 11 Irnpar_:t param. [prel_] =] @ beauty pI.IZZle remains
— O ZEUS e pydl
™ 5 "m ZEUS p p (prel.) = e data mostly above NLO QCD
-% 4 ZEUS D (prel.)
4T } | N < for some measurements NLO

2 | % | I | QCD calculations agree with

data
2 - £ - .
o different phase-space,
L= NLO Q&D = different approches to pQCD,
«— PhP — i o
0 i 1' 1ln 1:32 decay, fragmentation, ...
Q? (GeV?) e more data needed! —

< HERA II: higher luminosity, new
detectors (ZEUS: Microvertex
Detector)
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