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EDOD* production: Boson gluon fusion

Dominant process: BGF process

e(k) e(k') Kinematic at /s ~ 320 GeV:
° Photon virtuality Q?
® Tnelasticity y
matrix D ° Bjgrken x X
element L., _c @?
Fragmentation D* via Fragmentation:
function ° Pseudo-rapidity n

> Transverse momentum p_

® (In)elasticity z

Factorisation ansatz:

do =Y f }B (w9, 1ty) @ doijpx(py) @ D) (z, py)

1,J:k * Parton density functions (PDFs): *Ma‘rrix element: calculable in *Frogmen’ra’rion function:
from global fits to data different heavy flavor schemes from data
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D Theoretical models

Study production mechanism:
Perturbative QCD:

> Q% m? or p®_provide a hard scale - multiscale problem
® Test of heavy flavor treatment in pQCD

Non-perturbative QCD:

® Parton densities: gluon structure of the proton = test universality
* Fragmentation

Models discussed in the following:
| CASCADE vs. HVQDIS: \E/
2 LO@)+PS <  NLO(@? ,
(oY CCFM < DGLAP S
only gluons <« all partons g% DGLAP
Lund frag. < Independent frag. =S I
massive BGF < massive BGF (FFNS) ik CCFM
Note: RAPGAP + HERACLES used correction of data i
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&D Event selection

Forward directions Backward directions .
wag : 7290 ® Scattered electron in
backward calorimeter:

LAr Calorimeter

alorimeter QZ: 5 - 100 Gevz

electrons 5 = : protons
—me T ] —» Summary given here
EEE N - gl Central Jet Chambeérs

> OR in main calorimeter:

Q?: 100 - 1000 GeV?

Visible range for the D* cross section:

Q? : 5 - 100(0) GeV? —» Talk by M. Brinkmann
y :0.02 - 0.70
x . . o
p,(D%) :>156GeV ° Luminosity: ~ 350pb™
In(D*)| : <15
D* reconstructed in golden decay channel: 4 0_+ 4N+
D= —=D Tslow (K:Fﬂ_ )ﬂ_sl()w

(with a total BR of 2.57%)
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&D Event selection

Forward directions Backward directions .
g : 720 ® Scattered electron in
backward calorimeter:

LAr Calorimeter

alorimeter QZ: 5 - 100 Gevz

electrons 5 -

: protons
—me T ] —» Summary given here
EEE N - gl Central Jet Chambeérs

> OR in main calorimeter:

Q?: 100 - 1000 GeV?

Visible range for the D* cross section:

Q : 5 - 100(0) GeV? —» Talk by M. Brinkmann
Y : 0.02 -0.70 For cm (X,QZ):
p.(D*) :>156eV p.(D*) = 0 GeV o Luminosi’ry: ~ 35Opb-1
In (D*)] : <15 In(D*)| - 10
D* reconstructed in golden decay channel: 4 0+ N+
D — D Mslow (K:Fﬂ_ )ﬂ_sl()w

(with a total BR of 2.57%)
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cross sections in y-G¥

N T T T Ty T
o 2007 Q' =7GeVir  11GeVi[  18GeV’ Considered in cross section:
g [ 1 + 1 ] @ Data corrected with RAPGAP
100 + + s .
= + . > e~ 60%
~ -+ =+ L * . = _—
g T, e e ® Contribution due to b-quarks not
0 —HHH——HHHH HH—+—+HH— - —
> 20 32GeV21 65 GeV:{ 120 GeV?- subtracted - but < 2%
O : 2 T o4 ] - @ Correction due to other D° decay channels
§=) ' 1 1 ] o
5 100} @ - + _ > 4%
_ I S SR e ® Correction for NLO-QED effects using
0 - R o
200 200 GeV?+ 440 GeV?- H1 Preliminary HERACLES > 2%
| 1 | “e-DataHERA I
L | = CASCADE (A0)
100 1 4 More information:
3 https://www-h1.desy.de/psfiles/confpap/ICHEPO08/H1prelim-08-072.ps
| 7 and http://www-h1.desy.de/psfiles/theses/h1th-504.pdf
0 Lt vl S
102 10" 10% 107 1
y

- CASCADE describes the data reasonable
- difficulties to describe the new (lowest) y-bin (= highest x)
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cross sections in y-G¥

200 |- Q%= 7 GeV?H} 11GeV3+ 18 GeV2-

Error estimation of the NLO-calculation with
parameter variation:

3 ,

100 |- -+ +=F & -

B 1 = 1 -+ i
@ii @ = = 4 charm mass: 1.3 < m_< 1.6 GeV

Q'd%c/dQ*dy [nb GeV?]

0 = = — lization & factorization scal
: 1:::1:1} et + :Hlllll i : .‘::111} e rle Or\ al a IO GC orll a lo Sca e:
200 |- 32GeV?-{- 65GeV>+  120GeV? nhormaliz n z n
e 1 f ] 0.5<p /u <2,
B | 1 | - 2 _ A2 2
4 - +
100 | =% _+ —+ -}i_} -+ - with “0 Q 4mc
l = 1 L |  fragmentation: comes later
3 .
0 : 1:::1:1} : :::éll: + :11::::: : :1121::: D e
200 j 200GeV —"— 440 GeV _, H‘I Preliminary
| 1 —1 —-@ Data HERA-II
B T 1 — HVQDIS
100 |- -+ = :2’1':;5;‘;?3) More information:
[ —— | i uncertaint;{ https://www-h1.desy.de/psfiles/confpap/ICHEPO08/H1prelim-08-072.ps
B —_ | N fragmentation and http://www-h1.desy.de/psfiles/theses/h1th-504.pdf
0‘ L " .==__._. ——— ‘ uncertainty
107 10" 107 10~ 1

- Equally good described by HVQDIS (NLO, DGLAP) and CASCADE (LO+PS, CCFM)
- Both have difficulties to describe the new (lowest) y-bin (@ highest x)
- Data don't prefer a specific model - use both for the extraction of F °(x,Q°)
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D Extraction of F *(x.CF)

Lo (x.Q>) _ 2ma? N2 el A2\ 2 e (Y
fgﬂ%? L — %ﬁmql + (1 — -y)ﬂ - BS54, ()%) — y* - Fre(x, (22)>

/

Only at high y: This measurement
What is done to measure F,° (x.Q°): O(2-3%) — hegligible

Double differential cross section measurement
in visible phase space
exp

C eXx Vl"w y?QQ C (S10)]
Fy o (e, @) = D W @) peheo . 2)

theo 2
Uvis (y Q ) \
Double differential prediction of Prediction of F (x,Q%) in full phase space (n.p,)
cross section in visible phase space (DGLAP & CCFM)

(DGLAP & CCFM)
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&D Extraction of F ZCJL_QZ )

_{_E_cas;,‘(:'ﬂ QTT% _ _ ‘ —_— N
r Thif::)f L= ([T (1 =) - B, Q°) —

/;' Fie(a, (22))

Only at high y: This measurement
What is done to measure F,° (x.Q°): O(2-3%) — negligible

Double differential cross section measurement
in visible phase space
exp

c ex T yis (y QQ) ¢ theo
F p( QQ) — theo(y Qg) FQ fttllll (QQ)

\

Double diffe'"en‘fiﬂ';"ed::*ion of Prediction of F°(x,Q%) in full phase space (,p.)
cross section in visible phase space
(DGLAP & CCFM) (DoLAP & cchm) p.(D%) = 0 6eV

In(D*)| > 10

- Extrapolation into not measured region » Fragmentation has an influence

Determine Fragmentation Function (FF) from data !
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@D Fragmentation functions (FF)

Jet method: Slides taken from talk by J. Bracinik (DIS 2008):
http://indico.cern.ch/contributionDisplay.py?contribld=236&sessionld=14&confld=24657

> momentum of c-quark appro-
ximated by momentum of rec.
D*-jet

Analyses based on:
@ D* reconstructed in golden decay

— (apnle ® HERA I data with L = 47pb™

Zjet - (E‘|’p]jet

> k -clus jet algorithm applied in
vp-frame (E(D"jet) > 3 GeV)

Hemisphere method:

> momentum of c-quark approximated
by momentum of rec. D*-hemisphere

z _ _(E4pi)p+
hem Zhem(E =t P)i D* hemisphere

> n(part) > 0 for p-remnant suppression

D> thrust axis in plane perpendicular to -y
used for hemisphere division

thrust”
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@D Fragmentation functions (FF)

Jet method: Slides taken from talk by J. Bracinik (DIS 2008):
http://indico.cern.ch/contributionDisplay.py?contribld=236&sessionld=14&confld=24657

> momentum of c-quark appro-
ximated by momentum of rec.
D*-jet

Analyses based on:
@ D* reconstructed in golden decay

— (apnle ® HERA I data with L = 47pb™

Zjet - (E+P)jet

Differences of the methods:
@ Jet method & hemisphere method:

> k -clus jet algorithm applied in
yp-frame (E.(D*jet) > 3 GeV)

Hemisphere

Hemisphere method:

> momentum of c-quark approximated
by momentum of rec. D*-hemisphere

7 _ _(E4pi)p+
s Eheln(E J'_p)i 7 D* hemisphere

@ Methods are different, i.e. hemisphere
method sums more gluon radiation and
does not need a hard scale (jet E_-cut)

> n(part) > 0 for p-remnant suppression

D> thrust axis in plane perpendicular to -y
used for hemisphere division

; @ Hem. method is sensitive to threshold
st region |
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@D Fragmentation functions (FF)

D** jet sample No D** jet sample No D** jet sample
4

em

4r

hem
hem

5 35 I H1 Data (parton level) S I H1 Data (parton level) a5 I H1 Data
5F N 3.
2 F —— HVQDIS «:=3.3+0.4 2 4 E —— HVQDIS 0=6.1+0.9 R RAPGAP ¢ =103 + 1.9
5 3F s 6  F ----. RAPGAP ¢ = 10.3 - 1.6
o EEEEY HVQDIS o =3.3-0.4 o 35F -o-o HvVQDIS o =6.1-0.8 g RAPGAP o = 4.4
= 25F = 3 = 25F FF from jet sample
2 ;— 2.5 . _§_
1.5 — 2 — L
- 1.5 :
1 [P ——aaa
- 1
0.5 —=%
5 0.5 ===
1 5 C 1-5 - 1 1 [
a2 a4 : il ey a4
== s pE = = = IR A
05 L | | 05'--.-7-.--'—. P | , ST
0.2 0.4 0.6 0.8 1 0.2 0.4 0.6 0.8 1
Zh Z
em hem

--> NLO (HVQDIS) describes D*-jet sample
--> Extracted FF (hemisphere method) differs by 40 from FF extracted from jet sample
--> NLO (HVQDIS) fails to describe the no-D*-jet data (X° /n.d.f.=40/4)
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@D Fragmentation_functions (FF)

° If a hard scale is involved: H1 Preliminary

- jet- & hemisphere method agree well  Rap. default|-
- FF also agrees with ZEUS and LEP data

——— _¢ Zjy

Zhem D*jEt

o Cas. default|- += —— ez, no D¥jet
* If no hard scale is involved: o Alegh B hem
- discrepancy at charm production ap-Aepn e
threshold in QCD models Cas. Aleph |- ——i
- much harder fragmentation HVQDIS | ree —e—
More information: ol
http://arxiv.org/abs/0808.1003v2 2 4 6 8 1 OOC
® Fragmentation uncertainty from FF values
used for extrapolation:
HVQDIS: CASCADE:
at-threshold: a=06.0"57 a=282%+1.1
above-threshold: a=33+04 a=46x0.06
* Threshold position from 5 (cms energy of
hard subprocess): 70420 GeVZ 70420 GeV?
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2 2 2 2 N TTTTIT T T TTTTIT T |||||||| T T TTTITIT T |||||||| T T TTTTIT
N> 200 |- Q°= 7GeV* 11GeV*-- 18 GeV 3 200 Q? =7 GeV:+ 11 GeV? -+ 18 GeV/? -
m B T L 1 i
o 1 3 O T T :
'8 100 |- —+ —+ =$: # — '8 100 | 1 #* 1 + il
(— - =+ — [ L = + =i 4 -+ _
S SR AW AR T Ry A
O l i ]
N = == —e= —= i —=
0 ———— e — © 0 |+ HHHHH——HHHHH——HHHHH—
% 200 |- 32GeV?| 65GeV> |  120GeV?- %" 200 - 32 GeV?+ 65 GeVZ+ 120 GeV?
— - + + E ~— 2 T + E
o 4 o) i i 1 1 )
o n | 1 _

o et | + oA L H
S 100 |- = —+ —+ . S 00t + T -
o | + | i 1 1 B i %+ | + 1 1
0 + 1:::1:1} e + :H::::I et e e 208 : ::H:”I :G:U:ZH' : ::H”:I :G:{}é”: :
| 21 2 | = 200 GeV*- 440 GeV* P
200 200GeV 440 GeV H1 Preliminary | | | H1 Preliminary

. y i 1 _| == Data HERA Il

| | | - Data HERA-I — CASCADE (A0)
- + {1 — Hvapis |
100 |- 1 B (MRSTO4FF3) 100 + .
I th - 1 -
s ] i ottty — ] _
B 1 N f : I === | |
[ *77 _!:+7 Jsgemrteari‘:latg:on 0 1 |||||||| 1 L 11111l 1 |||||||| 1 L 11111l

o——d e -2 1 -2 1

107 10" 1072 10" 1 10 10 10 10 y‘l

- Fragmentation uncer’rain¥y assigned to NLO & CASCADE reweighted
- In visible phase space small influence
- y-Q? cross sections are used for the extraction of F_¢(x,Q?)
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@Exfmchon of F(x.Q)

Extrapolation Factor Ratio CASCADE/HVQDIS

Q2=7 GeV2| 11 GeVZ: 18 Gev2
R i . R
— oeee® —:— cee® T Y ]
‘ ‘ | IHIIII| | ul | IHIH| | IIHIII‘ | | IIIHI| | I\IHH' |
‘ ‘ I IHIIII| | | IHIH| | IIHIII‘ I | IIIHI| | I\IHH| |
32 GeV? 65 GeV? 120 GeV?
- ol N -
B ..O. {* ..o. B Py B
‘ ‘ \IHIII| il | IHIH| | ‘
‘ ‘ \IHIII| m | IHIH| | ‘ i
200 GeV2[ 440 GeV 2]
B e o _:_ [ 2PY -

X

10° 10° 10° 10° 10"

x’rrapo ation to full phase space:
d2 1€0
T i p.(D") - 0 GeV
y CCZ;QQ : grtheo In(0*)| > 10
; L

o CASCADE & HVQDIS used, f,_~ 3

® Ratio CASCADE/HVQDIS within 10%
® BUT at high x differences of up to 80%
® reason is the restricted phase space

— larger n(D*) range needed |

® Extrapolation uncertainty:
charm mass: 1.3 <m_< 1.6 GeV

renormalization & factorization scale:
0.5 <p /M, <2, K=Q*+4m
PDF: MRST vs. CTEQ
Fragmentation: as discussed...
® Partial cancellations of uncertainties
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NLO DGLAP scheme

D FZC n

CE 0'6 T HRREEL A DAL DAL B R LLL LR L B UL IR ° ° ° °
F,oT + + 1 @ 20x statistics of last Publication

- Q%=7 GeV?| 11GeVZ2 | 18 GeV?* .
04l T 1 | @ Extrapolation error:

* 1 typically 5 - 10%
0.2 )
0 . : :

p0cev?] Fragmentation: applied to sys. Error of
e ] L)
0.4 1 1 R typically 2 - 7%
02| | | \{\ -
L R I * HVQDIS using different proton PDFs
200 GeV?2 440Gev2|H1 Preliminary i .
04l T A describes the F_‘data reasonable
Al T —@— Data HERA-II 2
| — crasrs @ Deviations at large x - originating from

i 1 71 — MRSTO4FF3

021 T \ total theory differences at cross section level
uncertainty

0 R 1 T . PDF variation

10° 10° 10° 10° 10°

X
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n

CCFM scheme

D Ef

cC 0.6
F;

0.4

0.2 |

0.4 [

0.2 |

0.4

0.2 |

I I IR B IR IR B Bk IR IR B IR
Q? = 7 GeV? I 11 GeV? I 18 GeV? :

- 1 & R L
*O [ 7Y 1 ¢ i

% ® 1 |

I | ||| H I-l| Ly H -"l- "|| H III IWHl |||‘ ”-"r- 1 1 IIIM
L 200 GeV? |

440 GeV? |

$

120 GeV? |

H1 Preliminary

® D' HERAII
CASCADE (A0)
theory

uncertainty:
1.3<m_ <16 GeV

0.511 < u, < 21

||||u,|,|| ||||u,|j MR |

103

10’

® 20x statistics of last Publication
® Extrapolation error:
typically 2 - 6%

(no factorization scale & PDF variation)

* Fragmentation: applied to sys. Error of
data typically 2 - 7%

o CASCADE describes the FZC data

reasonable
® Deviations at large x - originates from
differences at cross section level

More information:

http://www-h1.desy.de/psfiles/confpap/ICHEP08/H1prelim-08-172.ps

and http://www-h1.desy.de/psfiles/theses/h1th-504.pdf

)l
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D Comparison to other results

QZ 2 GeV 4 GeV 7 GeVH
‘H1 HERA I: 1 NLO QCD: 1
O D* O VIX 1+ — CTEQ5F3

0.4 US HERA 1I: | ---- MRST2004FF3}|_ —
o D', D Df | 1 ]

‘ ERA LI
myE | | |
prel. ) HERA II:} T .

02 oD cu | 1T . 8

This pr'esen'ra.rion ! 0 o L L L B 1 AL O UL/ L
0.4

0.2 !
* Most precise HERA measurement so ’

far at 5 < Q° < 60 GeV? 0
* good agreement of different data sets |

(D*, D mesons, displaced tracks)

~Sa ,
Talk by P. Thompson 0.2}

LI -1
10
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<D Conclusions

» Full HERA II data sample for F°(x,Q%) analysed L ~ 350pb™"
> Most precise F°(x,Q°) - on the way to final precision !

> Described by DGLAP & CCFM and consistent with other results

 Closer look: - Fragmentation uncertainty from Results of H1 measurement
of Fragmentation fcts. estimated
- Larger differences in extrapolation at high x between models
corresponds to most forward n(D*)
- Extend phase space for cross section measurement towards
larger n(D*) and smaller p_(D*)

o Combination with other F °(x,Q°) measurements possible

—» Talk by P. Thompson
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&D Backup
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@D Backup: Extrapolation

sé 2: Q—70GeV 1 —115GeV .
i | i ; . Result of Study from my Ph.D. Thesis:

w190 T 7] "\ .

=R ® "Fragmentation model” from H1
sa [ T o ] .
83 of .y 1 - . measurement of FF applied
st " 1 . ] » Ratio: CASCADE / HVQDIS

0.5 + .

B goisscev  f @=m0Gev?
8 | n T u 1

TwlSr T ]
o § ° °
%U 1:_ . n@® 1 [ mn@e

B
Y 0.5_— €1 _
g8 [ Q=725GeV. 1 & CASCADE § frag.]
s ] In (D)[<1.5 ]

A o ® CASCADE s frag.
. - D*)|<1.9 _
% 5 'I: as '. : h] ( )I

o [ [ ) )
5 0-5¢ T More information:

- T, .1 PhD.Thesis A. Jung:
100-5 10 10° 1072 1X0-5 10 10° 102 1X0-1 http://www-h1.desy.de/psfiles/theses/h1th-504.pdf
e th : : :
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&D Backup: The HERA collider

ep collisions at /s ~ 320 GeV :

L

Collected Data samples:
I B S e S

| = electrons
~ —— positrons
L = low E

parm T
-—

300 —

200

H1 Integrated Luminosity / pb°

100 -

! \ 1 ! |
0 500 1000 1500

Days of running

--> Two multi-purpose detectors: H1 & Zeus
--> Collected Luminosity: HERAI + HERAII ~ 0.5 fb™
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@Backup D* event selection

6000

Entries / 0.5 MeV

2000

N
8
o
T I T T T | T T T | T T

~K(D*) ~ 21000

H1 Preliminary
HERAIII

¢ K TE_ Ttglow
- fit

N(D*) = 20803 + 282
®

5< Q%< 100 GeV?
002<‘y<07

n (D¥)] < 1.5
Py (D*) > 1.5 GeV

0.14

® D* sample:

I 0.15 I
M(Knr) - M(Kr) [GeV]
stat. Error ~2%

0.16 0.17

syst. Error ~9%

 decay: D**t — DOnZ

slow

— (K¥nt)n3

slow

@ higher resolution in mass difference:
AM = M(KTur)-M(Km)
@ Larger phase space with use of electron--method:

lower y of 0.02

@ Fit asymmetric shape: with ROOFIT

Crystal-Ball:
o) =4 (tot-==)"
exp (—% (%))u

Background (Granet Parametrisation:)

if % < —@, exponential decay

if % > —q Gauss distribution

2
f(x) = po - (x = meuo)* - € )

/
Determines in

units of o where:
Gauss > Expo

vis __

Np-

(1)

Additional D* cuts:

“tot T

L -B(D* — KrTgow) - € (1

_ d’rad )

p.(K)>0.3 GeV

p. () > 0.3 GeV
p.(, )>0.12 GeV
p.(K)+p_ () >2 GeV
|[M(D°)| < 0.080 GeV
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@D Backup: D* cross sections

o)
2 H1 Preliminary =~ —e— H1data (prel) 2 H1 Preliminary T e el
_g . HERAII “~oss< HVQDIS (MRST2004FF3nlo) = . HERAI :-: RAPGAP ECTESgﬁ}m}
° HVQDIS (CTEQ5f3) = CASCADE (A0)
2 =<
o 2 >—*—+ S 2
> 4
0 i 3 1
g . 5y
\bl { A ! / b
S ©
1 g 1. 3 <m, < 1.6 GeV 1
=Q*+4 - 2 2
5< Q<100 GeV? 05<“ ,Hmd Jc:qQ-«?lOOGeVL
B 30(21531:1057(}6\7 oc(qulveh%hwh) 33+£04 B SO(A[)(; : 102 GeV
T ’ T
| L | | \ | L | v I | I | L |
: 1.2 222 Theory scaled by Gy /Ol 12 MC scaled by o /apit,
1.5

1.5
n(D%)

- Good description by NLO calculation

- Small deviations in forward n(D*) with full HERA?Z2 STGTISTICSl/

- differences are located at low transverse momenta
- data shows sensitivity to the proton PDF
- CASCADE describes nicely the shape

d'o.cafc

- cale
l/ﬁfof,t'is Ay

{Eut{'{ d‘adara

tot.vis  dY

e (2)

https://www-h1.desy.de/psfiles/confpap/ICHEPO08/H1prelim-08-072.¢
and http://www-h1.desy.de/psfiles/theses/h1th-504.pdf

I
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@D Backup: D* cross sections
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--> In general NLO gives a good description of the data of single & double differential dists
--> forward n(D*) at low p_(D*): data is above the NLO-calculations

--> better precision of the data is needed - more bins in larger phase space
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