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Photoprodu
tion of Charm Quarks
◮ In γp Q2 ≈ 0, a suitable s
ale forpQCD is m
 ≫ ΛQCD
◮ Dominant pro
ess Boson GluonFusion =⇒ highly sensitive to thein
oming gluon

⊲ Use D∗ meson to tag the 
harm
⊲ Use jets to tag the se
ond hardparton in the event
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Motivation
◮ Sensitivity to the in
oming gluon
◮ Parton evolution models:

⊲ DGLAP: ordered in kt
⊲ CCFM: ordered in emission angles

◮ Resolved γp, the photon exhibitshadron like stru
ture:
⊲ Shifts the matrix elements lowerin the 
as
ade su
h that higher ptemission are possible 
loser to theproton side
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De�nitions of the Observables
◮ ∆ϕ = |ϕD∗jet − ϕOther jet| and pjjthighly sensitive to the kt of thein
oming gluon
◮ M2X = (p + q − (pD∗jet + pOther jet))2the invariant mass of the remnant:

⊲ Sensitive to the history of thepartoni
 
as
ade from both sides,proton and photon
◮ The longitudinal momentum fra
tionof the photon 
arried by the jets:

⊲ Small xγ (xγ < 0.75): Signi�
ant
ontribution of resolved photons
⊲ Large xγ (xγ ≥ 0.75): Dire
tphoton enhan
ed sample
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MC Models
◮ Pythia based on the DGLAP evolution, partons ordered in pt,highest pt in the quark box. In
ludes dire
t photoprodu
tion andresolved pro
esses
◮ Cas
ade based on the CCFM evolution, partons ordered in emissionangle, allows higher pt emissions 
loser to the proton side
◮ MC�NLO: full next-to-leading order ME 
al
ulation mat
hed withparton showers (Herwig) (
al
ulations, thanks to Tobias Toll)generator proton (u)pdfs photon pdfsPythia massive CTEQ 6M NLO SAS 2D LOPythia massless CTEQ 6L LO GRV-G LOCas
ade Set A0 �MC�NLO CTEQ 6.6 GRV
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http://www-h1.desy.de/psfiles/theses/h1th-519.pdf


Experimental Setup
◮ H1, HERA II data, L = 93.4 pb−1
◮ Untagged Photoprodu
tion(Q2 < 2GeV2)

⊲ D∗ re
onstru
ted in the goldende
ay 
hannelD∗± → D0π± → (K∓π±)π±

⊲ Events triggered by Fast Tra
kTrigger
⊲ pt(D∗) > 2.1GeV in |η| < 1.5

Forward η

Ba
kward η

◮ Jets with in
lusive kt, R = 1 and pt(jet) > 3.5GeV
◮ D∗jet found in |η(jet)| < 1.5, highest pt besides the D∗jet sele
ted in

−1.5 < η(jet) < 2.9 and referred as other jetZlatka Staykova (DESY) DIS 2010,Floren
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Number of Parti
les Determination
◮ The number of D∗ parti
les wasdetermined from a �t to the ∆mdistribution

⊲ The mass di�eren
e
∆m = m(Kππ) −m(Kπ)is formed for ea
h threetra
ks ful�lling the 
hargeand sele
tion 
riteria

◮ The asymmetri
 signal CrystalBall fun
tion was used ) [GeV]π)-m(Kππ m=m(K∆
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Di�erential Cross Se
tions
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◮ Reasonable des
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Di�erential Cross Se
tions
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◮ Ba
k-to-ba
k region is well model by Pythia, while at small ∆ϕ(large pjjt ) Cas
ade provides good des
ription
◮ The lowest xγ bin is not des
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e, Italy 11/22



∆ϕ in Bins of xγ
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◮ Cas
ade undershoots the data at the high ∆ϕ but provides perfe
tdes
ription for the low ∆ϕ

◮ Pythia des
ribes the data at the ba
k-to-ba
k region and fails at low ∆ϕZlatka Staykova (DESY) DIS 2010,Floren
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MX in bins of xγ
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◮ In the high xγ region, the dataare perfe
tly des
ribed by all threemodels
◮ Di�erent shapes for the threeMCs, not des
ribed high MX in theresolved 
ase
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Comparison to MC�NLO
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◮ Un
ertainty band estimated with s
ale variations
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Comparison to MC�NLO: Low xγ
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ross se
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Comparison to MC�NLO: High xγ

 [deg]ϕ∆
0 50 100 150

 [n
b/

de
g]

ϕ∆
/dσd

-410

-310

-210

-110

pγD*+2 jets in 

H1 Preliminary

 [deg]ϕ∆
0 50 100 150

 [n
b/

de
g]

ϕ∆
/dσd

-410

-310

-210

-110
Data (H1 Prel.)

MC@NLO

0.75≥γx

  [GeV]XM
50 100 150 200 250

  [
nb

/G
eV

]
X

/d
M

σd

-410

-310

-210

-110

  [GeV]XM
50 100 150 200 250

  [
nb

/G
eV

]
X

/d
M

σd

-410

-310

-210

-110

pγD*+2 jets in 

H1 Preliminary
Data (H1 Prel.)

MC@NLO

0.75≥γx0.5 < µf/µr < 2m
 = 1.5GeV
◮ Cross se
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Con
lusions
◮ The di�erential 
ross se
tions for ep −→ D∗+2−jets were measuredin an extended phase spa
e:

⊲ New variables (pjjt and MX) were presented
◮ Comparison to Pythia/Cas
ademodels:

⊲ Well des
ribed transverse momenta and rapidities
⊲ MX perfe
tly reprodu
ed in the high xγ region, la
k of 
ontributionat high MX for the resolved part
⊲ Very di�erent shapes for ∆ϕ

◮ MC�NLO:
⊲ Well reprodu
ed shapes but wrong normalization for in small xγ

◮ The pre
ision of the measurement is good enough to di�erentiatebetween the modelsZlatka Staykova (DESY) DIS 2010,Floren
e, Italy 17/22



Ba
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Slides
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Phase Spa
e De�nition
0.1 < yh < 0.8Q2 < 2.GeV22.1GeV < pt(D∗) < 12.5GeV
|η(D∗)| < 1.53.5GeV < pt(D∗jet,Other jet) < 15.GeV
∣

∣

∣
η(D∗jet)∣∣∣ < 1.5

−1.5 < η(Other jet) < 2.9Mjj > 6GeV
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Di�erential Cross Se
tions
(D*)  [GeV]

T
p

5 10

 [n
b/

G
eV

]
T

/d
p

σd

-210

-110

1

10
pγD*+2 jets in 

H1 Preliminary

(D*)η
-1 0 1

 [n
b]

η
/dσd

0

2

4

6
pγD*+2 jets in 

H1 Preliminary

  [GeV]pγW
100 150 200 250

 [n
b/

G
eV

]
pγ

/d
W

σd 0.02

0.04

0.06

0.08

0.1
pγD*+2 jets in 

H1 Preliminary Data (H1 Prel.)

Pythia Massless

Pythia Massive

Cascade

Zlatka Staykova (DESY) DIS 2010,Floren
e, Italy 20/22



MC�NLO
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MC�NLO
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