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DIS 2004 Dijets in DIS and Photoproduction

Introduction
7 89 :; <=> ?@ AB = CDE
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DIS 2004 Dijets in DIS and Photoproduction

HERA Kinematics

W HERA collides 27.5 GeV eX with 820 GeV protons

Y Z\[ ]^ ^ _` a

b c Y bd e

θe

γh p
xp

xp+q

q

k

e

k′

e′

proton

remnant

Qf photon virtuality

g f hji kf [ i lnm i m d ofp fraction of proton’s momentum
carried by struck parton

p h g f
q c�r ks inelasticity

s h kr c
m r c
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DIS 2004 Dijets in DIS and Photoproduction

Virtual Photon Structure
v Photon wave function has two components:

w xy z|{ x~}� �� �� z�� x � � �� � � � } z

w x �� � � � � � } z{ x~�� � � � � � � z� x � } z

� Anomalous from photon fluctuating into � � pair: y w � � .

w � � � � ���� �� � �

� VDM from QCD emission in colour field of the � � pair: y w � � w � .

w � � � �

v Experimentally differentiate between the two using ��� � �  :

�� � �  { ¡ ¢¤£¥ ¦� ¢¤£¥§ ¨ � ©«ª­¬®

¯ °� £

�� � �  ±² ³ ´µ w “Resolved Enhanced”
�� � �  ¶² ³ ´µ w “Direct Enhanced”
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Dijet Production

γ

p

e

g

e

p

γ

g

¹ Opportunity to investigate wide range of
interesting physics:

º »½¼ evolution of “resolved” photon
contribution to jet cross section?

¾¤¿ À ÁÃÂÅÄ Æ ÇÈ ÉÊË ÌÍ ÎÀ ÁÃÂÏÄ Æ ÇÈ ÐÊË ÌÍ Î

º Multiscale effects in transition from
photoproduction to DIS?

Ñ » , Ò Ó , ÔÖÕ ×Ø ?

º Theoretical uncertainties?

Ñ Size of terms beyond NLO?
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DIS 2004 Dijets in DIS and Photoproduction

Cross Section Definition.

1996-1997 data set 38.6 ÛÝÜßÞ à .
Dijet cross sections defined in the photon-proton CMS with:

á âäã¤å æ à çéè êë ì í îðï ì íñ ò óô õ ì ö ÷ øã¤å æ ÷ ö ì ö

ö ìù ÷ ú ÷ ö ì í í

Dijet cross sections measured:

û è ü ý û þ è

û è ü ý û þ è û á ã¤å æ àâû è ü ý û þ è û ø�ÿ

� � ü ��� �� �� ÷ ö ìë í 	 ý ü ��� � � �� ê ö ìë í 	


 � ì ö ÷ á â è ÷ � í ì ö ñ ò ó è

� í ì ö ÷ á â è ÷ 
 í ö ì ö ñ ò ó è


 í ö ì ö ÷ á â è ÷ë ö ö ì ö ñ ò ó è

þ è Regions:

� �� � � ��� �� � �� � � �

� ��� � ��� � �� � �� � � �

�� � � � ��� �� � �� � � �

�� � � � ��� �� �� �� � � �

�� �� � � ��� � � �� �� � � �

�� �� � � ��� � � � �� �� � � �

�� � �� � � �� � � � � �� �� � � �

á â è � ���� 
!#" �$�% & !#" � $ �%è ' ((()
è
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DIS 2004 Dijets in DIS and Photoproduction

Theoretical Predictions.
, Photoproduction NLO calculation performed using Frixione-Ridolfi (FR).

- CTEQ5M1 proton PDF

- GRV photon PDF

- .0/ 1 2 ./ 3 2 4 / 5

, DIS NLO calculations performed with DISASTER++ (DISENT)

- Point-like processes only 6 CTEQ5M1 proton PDF

- .0/ 1 2 ./ 3 2 7 / + 4 / 5 and .0/ 1 2 ./ 3 2 7 /

, Theoretical uncertainties estimated:

- Terms beyond NLO 6 varying . by factors 2 and 0.5 8:9<; = > ? @

- Hadronisation corrections 8 =; A ? @6 HERWIG/PYTHIA 8 7 / BC D >E F G / @ , LEPTO/ARIADNE 8 7 / HC D IE F G / @

- Proton and photon PDFs 6 using MRST and AFG 8 I ? @
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DIS 2004 Dijets in DIS and Photoproduction

Results - LM N<O PRQ .
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DIS 2004 Dijets in DIS and Photoproduction

Results - �� �<� �R� .
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  Comparison to NLO prediction of
DISASTER++ with ¡� ¢¤£ ¡� ¥ £ �R� .

  Theoretical uncertainties large at low

�� .

¦ Validity of scale?

¦ Multiscale effects?

  Total cross sections described within
uncertainties.

  Discrepancy at §©¨ ª «¬ ­ ®¯ °± (both
plots)

¦ Photon structure effects up to
�� ² ± ® ®³ ´ µ � ?
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DIS 2004 Dijets in DIS and Photoproduction

Results - ¸º¹ » ¼<½ ¾ ¹ ¸¿ÁÀ ÂÃÄÅ .

ZEUS 96-97 (38.6 pb-1)
Jet energy scale uncertainty
NLO QCD (µ2 = Q2+E

T

2)

NLO QCD (µ2 = Q2)

10

10 2

10 3

10 4

8 9 10 20 30 40

Q2  < 1 GeV2

ZEUS

1

10

10 2

10 3

8 9 10 20 30 40

 0.1 < Q2  < 0.55 GeV2

d2 σ 
/  

dQ
2  d

E
Tje

t1
 (p

b/
G

eV
3 )

10
-1

1

10

10 2

8 9 10 20 30 40

 1.5 < Q2  < 4.5 GeV2

10
-2

10
-1

1

10

10 2

8 9 10 20 30 40

 4.5 < Q2  < 10.5 GeV2 10
-2

10
-1

1

10

8 9 10 20 30 40

 10.5 < Q2  < 49 GeV2

10
-3

10
-2

10
-1

1

8 9 10 20 30 40

 49 < Q2  < 120 GeV2
10

-4

10
-3

10
-2

10
-1

8 9 10 20 30 40

 120 < Q2  < 2000 GeV2

E
T

jet1 (GeV)

Æ ¸¹ » ¼<½ ¾ ¹ ¸¿ÇÀ ÂÃ ÄÅ vs¿ÇÀ ÂÃÄÅ .

Æ Cross sections fall less rapidly
with increasing ¾ ¹ .

Æ NLO photoproduction:

È Describes data well.

Æ NLO DIS ÉÊ ¹ Ë ¾ ¹ Ì ¿ ¹ ÅÍ :

È Describes high and low

¿ÇÀ ÂÃ ÄÅ .

È Lies below the data at
“medium”¿ À ÂÃÄÅ .

Æ Ê ¹ Ë ¾ ¹ describes data within
large uncertainties (not shown).
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Results - ÐºÑ Ò Ó<Ô Õ Ñ Ð Ö0× .
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Ø ÐÑ Ò Ó<Ô Õ Ñ Ð Ö0× vs Ö0× .

Ù Sensitive to resolved
photon in the forward direction

Ú Ö0× Û Ü Ý .

Ø Cross sections exhibit turnover
at Ö × Þàß áâ ã as Õ Ñ increases.

Ø NLO photoproduction:

Ù Describes data well.

Ø NLO DIS Úä Ñ å Õ Ñ æç Ñ è Ý :

Ù Underestimates cross
section in the forward region.

Ø ä Ñ å Õ Ñ describes data within
large uncertainties (not shown).
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Results - Ratio.
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Results - Ratio.
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2 Ratio compared to LO prediction
of HERWIG.

3 SaS2D photon PDF.

3 Includes 456 7 8:9 7 45 ; ;< = > 9 .

? Not covered by current NLO.

2 Predictions with 8 9 suppression:

3 Qualitative description of data.

2 Without 8 9 suppression:

3 Relatively constant with
increasing 8 9 .
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DIS 2004 Dijets in DIS and Photoproduction

Summary.
B Dijet cross sections differential in C:D ,E FHGIJ K and LNM measured for a wide

range of photon virtualities OP O Q CD QR O O OS T U D .

B Ratio of cross sections V WYX[Z \ ]^ Q OP _` a b V W XZ \ ]^ c OP _` a as function of

CD andE KD measured.

B Ratio qualitatively described by LO MC models + parton showers when
applying a virtual photon PDF suppressed with increasing C D .

B Photoproduction cross sections and ratio are well described by NLO
models.

B NLO calculations of the ratio which do not implement a virtual photon
PDF (i.e in DIS) lie below the data.

B NLO calculations underestimate the measured cross sections, dD V bfe CD d LNM ,
in the forward region, particularly at high CgD .
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DIS 2004 Dijets in DIS and Photoproduction

Summary.
j Discrepancies between data and NLO seen in regions where effect of

photon structure is expected.

j These data suggest a significant contribution from photon structure
effects for scales as high as k:l m no o pq r l and s n tu vl tw no pq r .

j Data have the potential to significantly constrain future
parameterisations of the virtual photon PDFs.

x Include data in future fits.

j Large theoretical uncertainties particularly at low k l .

x Improved higher order calculations are needed.

x Calculations covering regionoy w t k:l t oy n n pq r l needed.
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