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Sisodacin

@ Heavy flavour production is an essential mechanism to probe QCD in details

e Study of heavy quarks yields the opportunity of studying pQCD with an additional hard scale

[J to understand the multiscale QCD

@ Parton densities of proton and photon need to be precise

[ future colliders pp,'& andyy ...
@ QCD production rate should be accurately understood, which can be a significant

background to "new" physics — LHC.

However :
i] QCD Calculations are in terms of final state partons

ii] Reliant on non—perturbative models, such as Lund, Cluster to describe the fragmentation
0 The two need to be "matched" to perform a comparison
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unodection.

© Transition of partons to hadrofidadronisation)
© Unstable hadrons decégccording to BR)

© Production of  §

© Development of Parton shower

@ The Perturbative part of QCD: hadrons

1. Dynamics of the Hard scattering. Fragmentation process
2. Probe the photon and proton structure ... ». oulgoing parton

© Study of non—pertubative part of QCD Hard scatter

Fragmentation, Hadronisation, "soft strong interactions" ... etc
Fragmentation — binding the heavy quark with light quark into a hadronic state

Note: A non—perturbative part cannot be determined in absolute terms, but only relatively to how one
defines the perturbative part and its parameters.

______ - = = = = =1 ]
| Cham : F(2) D* EXxperiment
| pQCD == == = NPp—QCD™= = = = L g Measure the tracke> DA
— I
I T —— do/dX do/dX
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Frodaci

+ + 1 s 2=27.6 GeV E=920 GeV
e’ (k) e (k) ALHERA el {—

% ep Kinematics:
Q* = —g° = (k — k)? : 4-momentum tran

X : fraction of the proton momentu

Y
g(x g) _ - _ _
proton (P) g‘?: y: .Inelastlcny of the interaction
& \_—~= W: Center—of-Mass of thgp

For a generic collision to produce heavy quarks : Kinematic regimes:
@’ <1 GeV - Photoproductionyp)

y+p— QQ+ X Q* >>1 GeV -~ Deep inelastic scattering (DIS)

o ()=, [ dx [ dx, 1 (X, ) 170X, 1) 0 (x,x,5,nT 1) [ d 2D (2)
” - > < ><— >

PDF [0 Hard Scattering [ Fragmentation
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Fy/F

PDF [1 Hard scatter sensitive :

a +ve scaling violation for allyx o 0.50 T T T T T 1
= : Q' =15GeV" T 35GeV ]
00 Fraction of direct and resolved photon processes with ° o5l ¢ Hi + H1 NLO QCD 1
SV SR T fitto F, 7
@ For large G, hadronic contribution decreases I : T @ ;
[ I
0 Q dependence, Is‘@nd m” independent ? 0.00 ———+—+—F—+—+—+—
. 6.5 GV’ 12 GeV?
[0 Continuum between PHP and DIS where resolved val £
025 4 i i .
2 2 4 I 1 |
@ [/\ e M Qandeqk] D O-Iightquarks> 0-charm> 0-bottom L i 4 J
[What about with o, Ny T\
0.00 | I | | | i | | | |
a Evolution scheme for heavy quarks ? [ { 25GeV™ 1 60 GeV”
. L 025} i 1 i b
a Do we really need explicit charm contribution in the IVDDF : + :
a Choice of renormalisation and factorisation scale ooob——1 1w T 1y

S5 4 3 2 -1 5 4 3 2 -1 0

0 Multi-scale problem due to large and m> A | l()g €L

Large charm contribution to,F
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Fragmentation sensitive:

a How well we understand the final state partons dress themselves to final state hadrons
[0 Lund, Cluster, Peterson fragmentation ...
[0 How correct are these models and current parametrisations ?

« Are u and d quarks produced equally w.r.t to say (charm)luzi—z
_ 2Ccs
cd+ca

¢« What is the s—quark production suppression ?%'s

¢ Are vector (D*) and pseudoscalar (D) meson produced as predicted by spin counming\ﬁ:/TS(=o.75?)

N(D)_ (D)
N(c) > o(D)

all

« What are the relative fragmentation fractions of charm hadronsfc—D)=

Are these ratios, fractions and functions universal

[0 Compare HERA results with those irgeannihilations
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STheoretical framework

Collinear approach :

all incoming and outgoing partons are on mass shell. 12 (0
¥ q

e me

only longitudinal component of momenta considered.

partons are considered 'frozen’ inside the hadrons.

i] (LO + PS) (DGLAP):
AROMA : BGF, Lund fragmentation “n
HERWIG : DIR+RES, Cluster hadronisation
RAPGAP : LO, Lund fragmentation L1

PYTHIA : DIR+RES, Lund fragmentation Ktz

il NLO-FO:
Fixed order, massive scheme. No explicit charm excitation component.
DGLAP evolution, Peterson fragmentation
Only light quarks (u,d,s) are active flavours in proton and photon.
Charm and bottom are only produced dynamically, Scheme vali%lzfam’e2

yp : FMNR (Frixione et al.), Scalg =p_=H_; M, = \/(mQ2 +p’); m=15and nF 4.75 GeV

DIS: HVQDIS (Harris & Smith), Scalg, = p_=p_; 1 = V(4m *+ Q) P(p
P
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it oot

il Resummed calculation in NLL (Kniehl et al.):

u,d,s,c as an active flavour in photon and proton, Scheme vahdzqur > m

epr|C|t charm excitation component

v/Z° (a)
iv] Matched Calculation, FONLL (Cacciari et al.) »
Fixed order + NLL scheme : Incorporate mass effects upto FO—-NLO _ ey
resummation of pogs upto NLL. — ki
wﬂ
k. —factorization approach : Frn-
valid for smallx ~ m/Vs Ent
. . . . kyn
CCFM evolution, Additional scale provided, based on the angular ordering : i

Maximum allowed angte provided by the quark box.

incoming particles are off-shell with +ve transverse momenta k

Based on the virtuality down the ladder resolved photon processes can be simulated.
LO + PS (CCFM):
CASCADE (H. Jung et al.) Off shell BGF Matrix element.
Initial state (CCFM)

Final state & Fragmentation (PYTHIA and Lund)
"Unintegratecdidpendent gluon density.

Applicable for both DIS and Photoproduction.
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(%fpemmmtalt(ml&andteehmwe&&zm_

Semileptonid decays in 2-jet events: SemEEEEEE "A
Prel : Jet
t 1

alarge B -Mass (™) - p, of u relative to the jefH1

a Long B - Lifetime (0) — distance ofi to the im

@ Combination of the above two.

fb (30.7+£ 2.5) % fb [1(28.8+ 2.8) %
H1 Preliminary H1 Preliminary
E * H1 Data (Prel) Ens e H1 Dota (Pre1)
W 200 cese+ Pythia bb
s | 1 e Pythla cc
== Pythia uds
150 — Sum
125
1) |-
75|
sl Jet
26 :
: h R E
Impact Parameter & [ cm | p, [GeV]
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PBeauty in DIS

«Q*>2GeV, 0.05 <y < 0.7,-£(99-00)160 pb*

ZEUS (p_"* method: ep - e jetu X

a1 muon: B >2 GeV. “';
) O
aljet: E**"> 6GeV, -29 <25 Y]
jet o
g

NG 1 L
6 2
o, = [38.7+ 7.7 (stat.)*!(sys.) ] pb [>

-5.0
-1
10 -

+NLO QCD (DGLAP) agree within errors
NLO (Harris etal.)o, _ = 28.1°° pb

-3.5

+ RAPGAP (DGLAP, LO+PS) is lower then the data -2
10

NLO QCD (HvQDIS)

‘ -
ole’p—>e"bbX —>e’u JetX)

@ ZEUS (prel.) 99-00
---- 0(c,) QCD® CCFM (CASCADE)

O(c,) QCD& DGLAP (RAPGAP)

o 0.05<y<0.7
P,>2GeV,30°< 6 <160° 5

E Breit >6 GBV‘ 2< nLab <925
tJet Jet

S

# CASCADE (CCFM) agrees well with the data T [ 45<m,<50GeV
- I 14Q%+4m?) < u® < 4Q%+4m})
o, =35pb i
-3
10 | I\l II‘2 | | IIIIII|3
10 10 10
Q* (GeV?)
NLO is in reasonable agreement both shape and normalisation
Sanjay Padhi
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Beauty Production

Dijet sample with low @< 1 GeVf: 0.2 <y < 0.8, F1®@> 7 (6) GeV =
o 8p —+ sbbX —+ X
+ Hl (6 + pTr9|) : |njet| S2'5, Q(u) > 2.5 GeV,-0.56 <n (IJ.) <11 E al ™ H1(Prel) oss-ef-1i
A .ﬁ A& =23
*ZEUS (p,*) : In*] <2.5, p(u) > 2.5 GeV,-1.6 <n () < 2.3 o A ZEUS (Prel) 8=
= HNHLO QCD % Had
&1 GeV'; DZoyoni
= [LO + PS (DGLAP, CCFM) MC modelSioo low in normalisation. B 70 Qu¥; <28
. C 2
= NLO QCD: Reasonable agreement with ZEUS & H1 within errors. I i I }:
Too low at low p(p) [H1] ? i
E %‘ dardp, ebbX ey HT Prefimi o
g doidpl (ep -+ ebbX . efjuX) H1 Frelimmary g Pylep i s | 4 & 8 10
& |§ ® Data a ¢ ®  Data pi [GeV]
e —  Pythia _E“ " —_—  NLO QCD & Had
B 1o} = 10 k.
] _ * Pythia Res. = Ll_*_ NLO QCD | |
I_. ----- Cascade Experimental and theoretical
| gl e oo e WA LS uncertainties are of the same
: $ e e 1 i A =11 order
5 0 5 5 10 15
p [GeV] Pi [GeV]
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DB in Np (photoproduetion)

—

do/dn,, (ep — ebbX — efjuX)

doi/dhn, [pb]
3
I

Q% < 1 GeV? ® H1 Data

Close look af) () distribution: i 02<y<0.8 §
| ps25Ge A ZEUS Data |

Py >76)GY  —— NLO QCD ® Had
i | < 2.5 ’
@+ Good agreement between H1 and ZEUS data. 40 |- =
a All data points are above NLO, but agreement i ® |

within uncertainties. 4+ T

n . ]

il T3 i
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o New differential b—cross section measurements

@ Two methods (pe', d) methods explored

e DIS : After long efforts both from theoretical and experimental side the visible cross section
IS in reasonable agreement with the QCD calculations, within the experimental and

theoretical uncertainties.

o YP(PHP) : H1 and ZEUS measurements agree
Measurements are mostly above NLO QCD predictions:
[1 Discrepancies 1.5 sigma

o Data is still generally higher than NLO QCD, but somewnhat less than others ...

More data needed and is coming ...
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Cxperimental tools and techniques - @M

eAmtag :m_, - m U10 MeV

D" - D°m’ ~ (KTt) " +cc

f(c -~ D)=0.235

£ 0127 pb* (ZEUS 95-00) N(D*) = 31350+ 240
p.” >2GeV, f”|<15 precision better than 1% stat error

o H1 CST (Central Silicon Track

Combinations / 0.2 May
=
2
|

1000 -

- i
o4

« ZEUS (prel.) 1935-2000 {127 pb ")

+
L]

*
4
*

Backgr. wmong charge

I — VNN N [ TR T——
15 a.15 o117

MK - MIKR) [GeV)
+ —
b + B & = -
D KTimt o ID*=sKa'n %y * HI prel
i = = - Fit
f(c - D) , E —— 2 '
& i & 100 -
L [047.8 pb* (H1) £ 10000 - ¢
D+>ZGeV hD+|<15 -E : E
pT ) . E E ﬁ,ﬂ —
2 5000 — =
Decay significance lengt§ =1/o, > 8 o 1o ST o L CT te (R S >8
I U ] N FURRE T | D L | LI L
Improvement in signal/backgr.(50) t: lm X4 = S
m(Kxx) [ GeVic® | miKnrn) [ GeVic® |
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o
in

tad

[

da/dn(D*) (nh)
in

—
o

a / aliheory)
- E =

=
w

Charm in DIS

® 7EUS 9800 Proton PDF sensitive measurements HERA P
2

HVODIS m_ = 1.35 GeV I L T e e e R B m e AL L o e
= NLOSQCD it x W e | a6 TG
=== FVODIS m, = 1.3 GeV Charm from G(D ) w.r.t [ B H1%-97 1 ]
CTEQSF3 ) et g 5 5 g

sessne HVQDIS m_= 1.35 GeV HVQDIS [ xg(x) s: ZEUS NLO -
ZEUS + AROMA aal  QCP b e S &
""" i "] Very nice confirmation of gluon  [#, L= } 7 !
from scaling violation at 10% level’} 11 Ca¥l 18 GeV? 30 eV
o i T E
Sensitive to differences between® & T % TR
fitted gluons al & 1 M -

Theoretical uncertainties

dominate—- m, p_, K  ande_

-5 -1 -0.5 0 05 1 1.5
nin=)

Total visible: o(e*p — e D* X ) = 8.44 £ 0.20(stat.) )35 (syst.)

HVQDIS :8.41 +1-02

F ° obtained with extrapolation im and p (NLO HVQDIS)
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Proton PDF sensitive measurements

. 1B H1 preliminary H1 preliminary
- 5 L
> Ry
(0] 3 i |
g [ e 2 sE
a 1 F - % B T T
' m T
4 - o 2 [
a | g ¢t
9|‘J e B 4 RS Hiwmmm; PDF CT%B
= ] CASCADE i : [ | CASCADE roton .
E 1u IE_I:I Hvﬁnls | | I n :llllj]l'-:h:tiinll?lllllllllljlllljll]
S ’ e 15 1 05 0 05 1 1.5
2 5 10
p, [GeV] i

Scale:mC = 1.3,8C = 0.035to m = 1.5,8C =0.10

2 < (<100 GeV, 0.05sy<0.7 . \
Y © 1 +» CASCADE (CCFM) agrees rather well with the data speciallyntve

1.5 <pD*) 15 GeV, j(D*)| < 1.5
+ HVQDIS(NLO) : Reasonable agreement with the data

Prediction is below in normalisation specially+ve
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P S e—— E“I#-"'

do/dp, (nb/GeV)

Q@ <1GeV; 130 <W < 280 GeV ; 79 pb
p.(D) > 1.9 GeV,{(D)| < 1.6

T S . +Remarkable precise data.
p-(D) (GeV) H1 niD1 3 NLO below data for low pand forwardch
+» FONLL even below NLO for high_p
S H o 19800 fprel) 2 "-7-----; ______ ® H1 9900 (prel. + CASCADE is above DATA for all regions
% i _ — HLO GED | ‘'massive’ ﬂ?-ﬁ I — MLO QD ('massiva’)
St = 1 :
_E. BT Cancade 52,5 e Caseade
< T of -_ Q*<0.01 GeV; 171 < W < 256 GeV ; 49 pB
&0’ g :
1 ¢ 1) +++ p.(D') > 2.5 GeV,{(D')| < 1.5
R —— i,
'Em'ilg- — — 0.5 -
;_:!:I-H -l-l g lli ITI III ﬁ I'EIEIII 11I ‘IIIE -tijl -1 -l]I.E : ﬂl I.'I.IS 1 ; 1.5
pt (D%) [GeV] n (D7)
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do/dn (nb)

do/an (nb)

K T T | T T T T | T T T T I T T ] ra—
-« ZEUS (prel) 9800 ) ] €
- 19<pD)<325GeV |
i 1 © =
NLLQCD 1 & 32F
== AFGfory | © :
---- GRV fory

- only direct v 1

3.25<p{D) <5 GeV

b)_g

2= NLO QCD -

8 <p(D) <20 GeV

P er I-\:‘
I-;if{._. """""""""""""""""
10 1
n(D)

Differential distributions in various pegion:

+ NLL above the data at low p

+ NLL direct only cannot describe the data

+ NLO below data at medium @nd highn

@+ Description by NLO/NLL QCD is
not perfect in all pregions
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Charm associated dijet in DIS -

H1 preliminary

N'_| C

% "

S %

o 10 F

£ =

2 -2

?é'. 10 ®  H1D%j (prelim.)

E --= RAPGAPdIr [ T —7°7

— RAPGAP dirsres *

i -3 — - CASCADEI ------
% 10 1 1. 1 1111 [ [ 1 1 1111
= 10 10

H1 preliminary

®  H1 Djj (prelim.)

% - .- RAPGAP dir
O —— RAPGAP dirsres
.E - — CASCADE
E -1
u 10 F
T =
a I
% J 0000 T -
8_ 10 I [ [ [ [ [ I
B 5 10 20
-
E,  [GeV]

H1 (99-00) : D* + Dijets (Breit frame),£ [147.8 pb*
Et1,2> 4’ 3 Gev’ _1 <qlabjetl,2< 2

Distributions as a function of Q€™ andAn studied

CASCADE (CCFM evolution) higher than DATA
RAPGAP (LO + PS) (Direct only) is very low

RAPGAP (Dir+Res) still low

-l
N
(4]

=

o
)

do(ep—eD*jjX)/dAn [nb]
o o
o )

0

H1 preliminary

@  H1D*jj (prelim.)
=== RAPGAP dir
= RAPGAP dir+res
- — CASCADE

=

1 2 3 4

o

An

Parameters used :
m = 1.4 GeV

PetersoC =0.078
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w_}/w% Define observable

direct photon xy"bS >0.75

- resolved photomyObS <0.75

—
_,_é g—exchange do/d|co®*| (1 - |co*[)™
p

g-exchange do/d|co®*| O(1 - |co8*|)™
(Rutherford scattering)

Resolvedy. g g - cc

Jet

o
5 >

Jet
"= center of mass scattering angle

Resolvedy: ¢ excitation

g—exchange g—exchange

In NLO only sum of direct + resolved is well defined
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D* dijet events enable study of photon structarparticular itscharm content.

ZEUS
B LIS 0 SR S L S s P
I | | .
52-5 ~a) @ ZEUS1996- 2000 \ .| Sample UsedD* and at least 2 hadron jets0 ph']
-= = CASCADE(x0.7) | .
2 HERWIG (x 2.1) g
E 2 — PYTHIA (x 1.2) _,I" ] # With p > >3.0 GeV,§”| < 1.5
:g 1 PYTHIA: resolved (x 1.2) ,-';.f"! " _j_ G (K, > 0.5 GeV, ) >0.15GeV.
1-5 - : ,IE[ energy scale liﬂl:'."ﬂﬂ.l.ﬂt}f -_,-r-." ‘.ﬂc’ D|JetS Et'et >5 GeV, 'hjet I < 24’ ij > 18 GeV
i |0.5*" + n**?)| < 0.7 (heasure of***)
0.5 Kinematic region : Q* <1 Ge\*'130 < W <280 GeV
0 + Resolved fractions are significant ~ 35%
0 # PYTHIA, HERWIG and CASCADEN general

can reproduce the shape

+ CASCADE too high for higlxyf’bs

* NLO (Not shown) : Cannot discribe the IO\\/ﬁbﬁ«egion

7]
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Darton dynamiea: Charm associated Diget

ZEUS Fyz(Xy’ QZ) = Ijz pomt 2 hadronlc 2 pomt z =13 eA [a(xy) |og(Q2//\2) + b(X\)]
; | * ZEUS (prel) 96-97 (38.6 pb) |
15} h_h Ea .;!!i__ B Jel energy scale uncertainty’] ZE U S

¥

=
i

-
ha

- == CASCADE

i <E = W &
b) 85 Er 150 Ge [ — AROMA

7] DISASTER (i} - O°+E") CTEGEM1 |

i

o
T

£
o

ﬂT
i

do/dQ“(x""*<0.75) / da/dQ“(x"**=0.75)

£
-

c) 156{E’{?MGQ'I|F ' :
EEE I:HEASTEH{H = Of) CTEQSM

n

-
T

=
n

=
(X}
=

6(x obs < 0.75) / G(x obs > 0.75)

e U
~ ® ZEUS (Prel.) 1996-2000 {1D4ph'1] ]

Similar sample in DIS: (No Ij}/land averagg® cut) 10 10

Suppression due to charm and Q2 are not independent
AROMA (LO, no photon structure) cannot describe the data
CASCADE agrees very well in the continuum from PHP to DIS
SaS1D (LO, virtual PDF) could describe the shape (Not shown)

1;:‘ ¥
Q? (GeV?) 0 Lvoal vinul i
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Hard scatter sensitive measurement

ZEUS B
= =0 & FELUS 199 - 2000 i
_— 1 = 0.8 i
l-g - ® ZEUS 1996 - 2000 *E LYy partonic mairix element /i
~ T —— NLO QCD & HAD = L6 — g eg 4
*o [ - - - NLOQCD 8 | s ©q & eq
% i = 04 == pgEecc P
= 05| 7 CASCADE ‘B T .
= < g, X < 0,75 P
= i obs L i
B i Xy < 0.75 -
5=

=

B

"o

8

=

=]

: =
0'....|....|....|....|....|....|....|....|. | | | i | |
0 0.1 02 03 04 0.5 0.6 0.7 0.8 Yo o1 02 03 @4 05 66 07 08
lcosO | lcos’ |

® Resolved distribution rises strongly at high Ebsignature of g—exchange FItt0 (1 —|co®*|)™ :

@ Direct distribution shows a shallower rise, consistent witlexchange K =1.74+ 0.18 (x***< 0.75)[ ~ 2 for g—exchange]
Yy

+ DATA lies above the NLO calculation f05°9<5< 0.75

K =0.74+ 0.11 (>$°bs> 0.75)[ ~ 1 for g—exchange]
+ Large theoretical uncertainty observed for @&pdistribution.
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Study of various sub—processes with charm

Just from Matrix elements

Y ’ L 2 o’
i e ¢ % ] — vg > ce
T == c—gc
¢ q a E‘ i ¥ 8
; 5 £ o
p = 65 0 cq —cq '
g-exchange g—exchange E : — gg e :
| . 51 -"
Resolvedy (pythia): ¢ excitation 35% i :
W 4 [
n —
[0 Resolvedy.gg - c c[10.46% 3
—F
—;—é 2 -
R
¢ N Dlrect_y- y_g fUSIOﬂDGZ% 0 :| [ B |‘7-T--|-“|“|‘-|' il el e e . e | e
o, ' 08 06 04 -02 0 02 04 06 08
E
cos®
P
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ZEUS
— “.ﬁ =
= L s ZEUS 1996 - 2000 @s
= - HERWIG (x 2.0 ﬁ
5 0.4y h: — PYTHIA (x 1.2) —_— =
¥ L.k I PYTHIA: direct {x 1.2)
= / . Jet emergy scale uncertsinty
0.2
7 0 = -
[ | \\
1 B PYTHIA: resolved {x 1.2) (T{L
i g
e > 0,75 )
y_ =
W05 PRy e
\ - U
“-I}.ﬂ 0.6 04 0.2 0 0.2 04 06 08
i— ¥ direction mgﬁt p direction —

Charm associated dijet in P

Match the jet with a D* inf{—¢) space

Define:Jet (1) =D* Jet

Jet (2) = other Jet

LZEUS
0.6
"£_‘ o FAELUS 19% - D
h i —  MNLOQCDE HAD
“'4 '._ \\}: - = MWLOQCD #n = LTS

0

0.8 -0.6 -0.4 -0.2
— ¥ direction r.:usﬂ- p direction —»

For xyObS > 0.75:NLO agrees with DATA

CASCADE too high in x—section
For xyObS < 0.75:NLO underestimates the DATA both

proton and photon direction

Contribution of LO resolved toy%?5> 0.75 explains the asymmetric distribution in€os

Clear evidence of charm from the photon

CASCADE :agrees well both shape and norm..
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Combinatiens ¢ 10 Ma Gombinations 10 May

Cormbination | 8 May

@hmmammm/_

s g B s ZEUS ZEUS
a = T T — T T T - T ..
® ZEUS [peel ) 19982000 | Bapann L 1 = TRAANS ]
10000 |- Without AM Tag E E .-" .\\ ] E1Uﬂﬂﬂl_ " 1I""-i-'wl..,_,,_“_“_li__,...,..
goon Reflection subtracted —| T . 1 % e
e | gl T 8 M
- — Gauss™ + Badgyr. ] 1 Z aoo0o | ad
4000 [ 130 < W< 300 GeV, O < 1 GeV? ] gieows. LDt 188000 . L
P07 > 38 GeV, (0% < 1.6 5 T L & ZELIS (pral.j 1989-2000
PR N™™300) = 11370 + %50 _: 12500 - [ Cams™ o P1 g
D AL ' : 130 < W < 300 GeV, OF < 1 GeV® : Foen
EE ﬁ WHh.ﬁHTeq j 10000 — F’ﬁDLI‘bE.EGE'F. DY) < 1.8 - 130 < W < 300 GV, OF < 1 Gav®
" ] P At} = 3.8 GeV, mial < 1.6
500 | !f WD) - 3319 1 ot o WD} = SE00 + 620 _' 4000 — i) ) . —
400 | ||| | ] I MAY) = 1380 + 380
300 [ .'I |i|
200 G+, r)‘ 1 i 2000 |
100 i 2500 — I
7 e 18 2 21 e e e ey i T T T
MiKT) (Gev) 1.8 1.9 2 “ 22 2.3 2.4
s FES 000 : M[}xx] {Ge) Moz} (Gev)
i il-'?, ] a charm
A1 i B . .
Y 1 TR y I'r ] Various charmed meson production
L 7 L / 1
= Wb ~. 130 < W < 280 GeV, £ 1 GeV
[ 4
08T ZEUS |preL) 1988-2000 :‘\: P (D, /\c) > 3.8 GeV,|1|(D,/\c)| <1.6
[ — Gawms™ + Gaws™ - EXP J 1 T
200 [ FED < W < 300G, T < 1 B 1
DL > 38 GeV. mOLDN <18 Cross section measured™(D°), ®YD"), a(D™)
ipo MID| = 1085 =« &5 3
= MDY = 250 = &2 ] O-(Di), O-(Dsi), O-(/\Ci)
(=1 C i . 1.3 i i i i I.i = i i i é i
W{HHx} =V}
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Charm fragmentation fractions: = ZEUS prel. m 1.014+0.068 +0-024
-H1 prel. - o |
- ALEPH F—¢F4
R o Ol oGP SR - OPAL ——0 |
HE = d — a(DF) — (D) + o (DY) - DELPHI +O+
05 s

u andd quarks are produced equally in charm fragmentation

Ru/'d

:_ ZEUS prel. m 0.286+0.023 3912
1 - 7 4—.—F
N 20(D%) ﬁf“jj“g I
Pl = —  —iltr Jj: iy Jﬂl Jli :
ed+ci a"(DF) 4" (DY) 4 20(D*F) = o*e comb. a
S B PRV S BRI R
s—quark is suppressed by factor ~3-4 in charm fragmenfation ¢-1 0.2 0.3 0.4 ,)9-5
— Zeus prel. M 0.55440.019 Toae2
= H1 prel. -
H(D*_} g— H1 94 L i |
Py = V_F+ 2(D) + 0% (D) 7 /4 - ALEPH O
- OPAL O naive expectation
"naive" spin counting does not work for charm 3 ?ELPW | {} | l L
0.4 0.6 0.8 1
Py
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Charn promentaion.

Charm fragmentation fractions

ZEUS prel. (vp) Combined H1 prel. (DIS)
Pr(D,A,) > 3.8GeV, [n(D,A,)| < 1.6 ete™ data
fle — D7) = 0.249 4+ 0.0141000% 0.23240.010  0.20240.02013:04 +0-029
f(e — D% = 0.557 + 0.0197 0005 0.549+0.023  0.658+-0.054 74117 +0-086

flc = D) = 0.107 4+ 0.009 £ 0.005| 0.1014+0.009  0.156+0.0437 035 T0-0°0

flec = AD) = 0.076 &+ 0.0201 ) 051 0.076 =+ 0.007

f(c — D*t) = 0.223 4+ 0.00970-003 0.23510.007  0.26310.019170:036 +0.031

charm fragmentation fractions are universal\
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Charn prgmentaion.

Assume that charm jet is good approximation to outgoing charm quark

E T | / ZEUS
£ PYTHIA MC "

r * ZEUS (prel.) 1996-2000

~
5
'E L ——  PYTHIA (Symm. Lund + Bowler, r, = 1)
= == PYTHIA (Symm. Land + Bowler, ry, = 0.5)

ﬂ-'-...l..-l..l...l...

0 0.2 0.4 0.6 0.8 1
szt
D* relative to hadronic jet: " 02 es Tes e
s -
2= (BE+Rp, [ (E+R), 1 | — 298 Bl
D* relative to charm from hadr scatter : (=) Ltrgpmy ( p ) ""F‘( L _)
2*m= (E+P) [(E+P)

II¥(D*)

|| charm

i = 1 (default) is preferable
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l/odo/dz

Chara fragmentation

Independent ways of measuring the fragmentation

ZEUS
25 ZEUS
o ZEUS (prel.) 1996-2000 - [
= (Peterson) ﬁ 35 | ® ZEUS (prel) 1996-2000: Ej* > 9 GeV,z = (E + p ), J2E*
| I E O OPAL Vs =912 GeV, 2 = 2E,, /s
L ::w F o3 O ARGUS s = 10.6 GeV, 2 = pyf(Epem « mips )'*
: g f
15 - < 25 | Jr E
. 2 [ , ! % i
1 I I-' * I I
_ :; I
1.5 B +
05 Fit: € = 0.064 £ 0.006 'y ’ l ;JIJ[
5§
i i |
()} | PR — [ — PR I F— [— P— 0.5 -_
0.2 0.4 0.6 0.8 1 i - l
DH{._‘.) i N Z 0 [ T PII I E— : IS S S Y S S SO S T T 1 18
@ -/ - /(1 -2 0 0.2 0.4 0.6 0.8 1

€ = 0.05 (PYTHIA default)

. _ Universality of charm fragmentation function ?
€ = 0.053 (LL fit to ARGUS data, Nason and Oleari) y 9
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dafdicost | (nh)

defdicnsi’| (nb)

Arbitrary units

i m FHOS s - 2
L8 pesrisnsic mu brie slornerd
i vl

Summary and Comelusions

DESY 95-013[First heavy flavour signature at HERA

o D,
1 z 40 | a) ZELIS 93 DATA E
' N 0.4
e * £
_E s 0.2
E =
CRRTN S F o i
2 i 48 +11 1
| I |

D il
Hard Scatter 12

il
1458

S e ies

LZEUS

® FELS 155% - 200
— NLOQCTy 2 HAD

1;"-110.‘?5

1;“ = LTS
AM [ MV
| RTINS SIS BN SR SR EPAFE A B S 6\\3“0“
gag
Ao = o |y a3 1 T . - 2 T E—
[ 3 o ’ 1.5 -6 -ﬂ_-i -lLE 0 ﬂ' lLﬂl LT
P Y T A, rande s’ pikecmes
1 O (AL e 9L GEY, 2= 3t - ALEPT —0—
3 - 0 ARGUS = 16 GeV, 2= g F . - i 1 zggj.{‘!_,l Ok b ZEUE
E 1 . A T o N P R R T ) ﬁ S — T SR .
T a5 1 1= } |
25 - & L Roue E 12 = IEUEIFH:IJ 1996-2000 {104pb™ J 1
: [ o ! : : A [ = CASCADE !
E I. S oRF | . ZEUS prel. i O2esro0e3 3ol B |-} — AROMA s
. T« e : - TEUS 96+57 +—— e !
| B o H1 prel, il - i X L 1
. I"' ] I ] = 0.8 i
1 _ i 1 - - 2 a comb. s e jl
et 8 [ ' o o eZE o3 0.4 0.S ﬁl:l-.EE-! i al
: T Ya K : ! :
. E - [=] | |
. ]_ L Tous prel. W 2SS4 ocie 2RIRe v 04 ]
: A T g | FHY e - F oo —
) l ] R . H:—I}.E [ {
s - . ALEPH 0 = ; !
o o I = OPAL i NaEinee expeeclainm [ o _I-E"' sl T sl o sl
gLy Ve TP Dy D g | BIELRH o 10 10 10 1 10 10°
i .z 4 i [LE ] 15 “0E " 2
5 (Wi 0.6 0.8 F"J Q {GE\F]
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sy and Conctusions. N

HERA-I provided quite an enormous amount of high statistics open charm and beauty measurements

Precision of data is much better than theoretical uncertainties
New trends @ HERA : New beauty measurements in the visible region of phase space

Very precise charm measurements in both DIS and PHP regime
Pg)ﬁensitive measurements like angular distribution, virtual photon with charm

[1 Measurements related to multiscale issues in pQCD.
New/Hmeasurements can be used to constrain the gluon density in proton

Charm fragmentation function and the fractions measured for the first time.

Many issues like : Pole mass, Binding force of the hadronic component —gluon PDF etc ..
.... Still needs to be addressed.

Some part ®DF [] Hard Scattef] Fragmentatiomnderstood ... still a lot is left

More to come from final HERA-I data and even more with higher luminosity HERA I
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