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Open Heavy Flavour Production at HERA

® quark mass provides hard scale: ‘ Boson Gluon Fusion I
good testing ground for pQCD

2 _ .2
L © € @ =-n
® gives insight into proton and
photon structure Y c,b __ Pp'Py
_ Pp-Pe
. . g ¢, b
® dominantly gluon induced . Q2
T ys
p X

® photoproduction dominates

(Q2 ~ 0) over DIS (Q2 > 0). [\/5 = 318(300) GeV]

® b production is heavily suppressed: | op : ¢ : Ouas = 1 : 200 : 2000
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Probing QCD with Charm and Beauty

‘ resolved ~ contribution I e-g- ‘ parton evolution model I
‘ gluon density I \‘L/

in the proton e.g.
T EQCDFit (H1) e D" (DIS) DGLAP
%20 s ® D' (7yp) ]:
o | 2
5 | Lgg(zg, Q%)
L CCFM
10 —
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Modelling Beauty Production

Ovp~FTRGR PR D(2)

‘ pQCD calculations in NLO I ‘ MC generators (LO ME + PS) |

fixed order, massive scheme: ® AROMA:
HQ produced dynamically; direct only, DGLAP evolution
reliable for p < my
— appropriate for beauty at HERA ® PYTHIA, RAPGAP, HERWIG:
® ~p: FMNR (Frixione et al.) direct + resolved, DGLAP
(mp = 4.75 GeV, u% g = b} ; + My, € = 0.0033—35)
® DIS: HVQDIS (Harris & Smith) ® CASCADE:

direct only, CCFM-like evolution,

(myp = 4.75 GeV, “%%,F = Q% + 4m?, ¢ = 0.0020—33) _
k: dependent gluon density

— k factors ~ 1.4
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Measured Beauty Cross Sections vs. QCD (Spring 2000 Status)
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Experimental Beauty
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B in vp (1): 1996/97 Results (— Photon 2001)

‘ ZEUS I electron p7¢ analysis muon IP + p""el analysis

§ : %g * ZEUSSe9T : Hl . II?_ata (prel.) |
S 1 — HERWIG: all processes F — Fit
;:lo i HERWIG: b - e (15%) 10 27 E lgﬁ:g&y |
% HERWIG: ¢ - € (85%) £ F = fake muons
IS =1
. ; L~ 39 pb~! 2 L~ 21 pb!
2N % = - ~21p
\ > glo - —
107 :
1t
° ! 2 * preiGev) 01 005 0 005 01 015
o [cm]
parton level cross section: visible 1 cross section:
0 3 0.2 —bbX —puX'’
T epetox = (1.6 £ 0.4 703 709 nb ot A = (170 4 25) pb
[ NLO QCD: o = (0.64 & +?)11‘(§) nb ] [ NLO QCD: o = (54 4+ 9) pb ]
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da/dpk (pb/GeV)

10

B in vp (I1): 1996-2000 Results (new!)

new ZEUS (muon pi®) results, £ ~ 98 pb~*

o Amﬁ — bbX — u.u.tumv

Nwws mbo-____a__________________
. p-bb-ejjuX) e I Q_mﬂ@uémlm: HX)
=
o__wm Gev. o.NA<_Ao.m Mﬂ 3 ] o.mA_NH GeV* 0.2<y<0.8 e ZEUS (prel.) 96-00 1
- W Wawﬂwomvg <25 8 L pr®76Gev 25 = NLOQCDx hadr.
............ Os=e. 30 F p>2.5 GeV ----- NLO QCD -]
® ZEUS (prel.) 96-00 -
n H 3 NLO QCD x hadr.
i - NLO QCD 25 y
20 F H .
15 + ;ﬁ ......... .
! C ]
................... H 10 | % .
st ]
1

| | M | | | | O | | | | M| | | |
3 4 5 6 7 8 9 10 -1.5 -1 -0.5 0 0.5 1 15 2 u
p¥ (GeV) n

extrapolation (PYTHIA) — di—jet cross section:
o(ep — bbX — jjX) =
(733 £ 61(stat.) &= 104(syst.)]| pb

NLO QCD: [3817717] pb
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B in vp (I11): x., Analysis

—~ LI I RS LU IR B LU I I R
e LO QCD picture S [ P ep-bbociix -
§ 25001 .
[ € = o 2 4
direct  ~y processes : x, =1 kS Q<1 GeV* 0.2y<08
B i pH2>7.6 Gev  |n|<2.5 ]
resolved ~y processes : o < 1 © 5000 L ]
® ZEUS (prel.) 96-00 -
| == NLOQCD x hadr. ]
S NLO QCD .
e for all orders 1500 L ]
can define observable
1000 |- .
meas __ (E—pZ)jet1+(E—PZ)jet2
m7 R (E—pz)nf : :
S 500 - } i 1
based on the two leading jets s _
00701 02 03 04 05 06 07 08 08 1
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B in DIS (1): 1997 Results (— Photon 2001)

first DIS measurement, based on £ =~ 11 pb~*!

e selection: pu+ > 2 jets; combined (IP, p7¢) analysis:

L I B B B L L L B B
e Data (prel.) e Data (prel.)
H1 — Fit H1 — Fit
2 beauty ] 2 beauty
== charm + fake 20 - == charm + fake |
E 2
= O
8 N
1”_.0 C - O
P P
c c
= S10 .
= =
H L _
TR R TR T Lo o TR R 1 L T
-0.1  -0.05 0 0.05 0.1 0.15 0 1 2 3 4 5
impact parameter 6 [cm ] pe [GeV]

muon cross section:
2 GeV2 < Q2 < 100 GeV?, 0.05 < y < 0.7, pp(1) > 2 GeV, 35° < 0(n) < 130°

o(ep — bX — puX) =
(39 & 8(stat.) = 10(syst.)| pb

NLO QCD: [11 £ 2] pb
AROMA: 9 pb, CASCADE: 15 pb
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B in DIS (11): 1999/2000 Results (new!)

new ZEUS results, £ =~ 60 pb™*!
® ZEUS (prel.) 99-00

Events

e selection: pu+ > 1 jet (Breit system); & | pe- o] — MC Sum
rel ' 10%F el e Fake Muons + Charm MC
Dy analySIS . T PRIt Beauty MC

muon/jet cross section:

10

o (ep — bbX — ej,uX) =

[38.7 + 7.7(stat.)t65'.t(syst.)} pb :

NLO QCD: [28.1733] pb |
CASCADE 35 pb 00.511.52552.5;3

pie (GeV)
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B in DIS (I11): Differential Xsections

do/dQ? (pb/GeV?)
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2 2 2 2 2
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iy
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}
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o(e’p - e"bb X - e u*Jet X)

® ZEUS (prel.) 99-00

| TTol0 g 0O(a,.) QCD [CTFM (CASCADE)
o I [ O(a) QCD [DGLAP (RAPGAP)
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D*pu Correlations (1): Method

D*t T D*t

*Du. 140f-H1 Preliminary
Z ol QD) = QM) QD) % Q)
HNO||
HooHI [] cfraction = (66 + 11)%
- [ biraction = (34 £ 11)%
30 —— Data from AM fit

N, = 125 + 20
60— N, =65 + 20

how 4 k

NO I OSRKRKRKXK, OSRERUARAKRKX,
- SRS IRELLIIEELEGIEIELELEEILLEKK,
XSG, SQEEIELELEIELLEKK,

XSG, QSQEEELELEEIELELEEELELSGIEELEGEELELSEIEKLK,

SIS, SQSEEEEEELELEEELELEIEELEEELLSAKEELKK,

- S, SSGREEEEEEELEEREREIEELLEELLKEKELELEK,
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1/o do/dpZ(D*u ) [1/(GeV/c) ]

D*p Correlations (11): H1 Analysis

combined D* (AM) + D*p correlation analysis
(P > 1.5(1.0) GeV, 72" W] < 1.5(1.74),0.05 < y < 0.75)

U

4 o(ep — D*p) _

charm : [720 £ 115(stat.) £ 245(syst.)|pb
— factor 1.8 above AROMA

beauty: [380 + 120(stat.) + 130(syst.)|pb
— factor 3.6 above AROMA

e use results to compare to LO/PS MC (AROMA):

£ ~91pb ! _

1
10 ”ﬂMﬂ_ -o-: H1 Prelim. a)
C - [J: charm = o.ﬂ.l
T [3: beauty m 0.6F —— —e—
E] L
.N|_| — T 05F _w
. i o.h.l
0.3
Ho.wl o.N- —
: 0.1F—e -
TS0, €20 U070 78 01 6 0D 20 68 €TI0 8 Ok SN 6 0 1 _ =
O 5 10 15 20 25 30 35 40 45 50 -1 0 1 2
: (1, D*) ’ J (1, D)
p;(p, D*)/GeV y(p, D
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D*p Correlations (111): ZEUS Analysis

similar analysis (£ ~ 114 pb™

*
pl W > 1.9(1.4) GevV,

—1.5(—1.3) < 2" < 1.5(1.75)

| pyTHIAMC |

~p cross section (for §° < 1,
Q% < 1 GeV?,0.05 < y < 0.85)

o(ep — b(b)X) =
15.1 £ 3.975 5| nb

NLO QCD: [50t1171] nb
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- B33 wrong charge Kn ]

- unlike-sigy

34 beauty -
1 charm
2 fake p

0 charm

M(Knm,)-M(Km) (GeV)

candidates / MeV

70 —
60
50
40
30

20 ¢

20 -

AR > 2

10 |

AR >2, no M(u-D*) cut

ﬂ unlike-sign p-D’ ]

+ 13 beauty -
61 charm

17 fake p

like-sign pu-D°
15 beauty

2 charm |
22 fake p

=y

‘0.15 | 0.16 |
M(Knm,)-M(Km) (GeV)

J. Kroseberg

Beauty in ep Collisions

Photon 2003 14



Summary and Outlook

e new (prelim.) beauty results

=> | |
= * HL pye from HERA
Q 6 | e H1pimpact param. (prel.) | e significantly increased statistics
o 5 c.> ZEUS e pt"?' — improved precision in yp
®© N ;EB? ‘S*ptr(e fg{‘;") — differential DIS cross sections
CDU 4 L Hpren | — double tag analyses (D*p)
3| $ | ! | e ~p data above NLO QCD,
o | DIS situation not clear (yet)
2 — 1 |
* ; NB: | various different kinematic ranges
" " B and cross section definitions
1 [ NLO QCD -
0 — PhP - ff— | | e expect future results based on

1 10 102 new data, upgraded detectors,
Q2 (GeVZ) and additional methods
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