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Photon Fragmentation �

!!!!!

fic-page 5.2

M2
∂Dγ

q

∂M2
= Pγq + Pqq ⊗ Dγ

q

Pγq =
α

2π

(
P(0)

γq +
αs

2π
P(1)

γq + · · ·
)

Dγ
q,NS = Dγ

q + Dγ
q̄ −

NP∑

q

(
Dγ

q + Dγ
q̄

)

Nf

fic-page 5.3

D(n) =

∫ 1

0
dz zn−1 D(z) Dγ

q (M2, n) =

∫ M2

dk2

k2
Pγq(n) e

∫ M2

k2
dp2

p2 Pqq(n)
→ DNP(M2, Q2

0 , n) + DP(M2

5.3

D(n) =

∫ 1

0

dz zn−1 D(z) Dγ
q (M2, n) =

∫ M2
dk2

k2
Pγq(n) e

R M2

k2
dp2

p2 Pqq(n)
→ DNP(M2, Q2

0 , n) + DP(M2, Q2, n)

NLO	  

Cq	  

σB(q + g → q + g)⊗ e2q
α

2π








−
(4π)ε

ε

Γ(1− ε)

Γ(1− 2ε)
+ log

M2
F

µ2
� �� �



P (0)
γq (z) +



log
pγ

2

⊥
M2

F

+ log(1− z)− log z



P (0)
γq (z)

� �� �

+z






Dγ
q (z,MF ) direct HO

P (0)
γq (z) =

1 + (1− z)2

z

0	  

Log(1/1-‐z)	  



GRV:	  Q2
o=	  .3	  GeV2	   BFG:	  Q2

o=	  .5	  GeV2	  



5	  

Constraining the photon fragmentation function �

Z = - �
pγT pjet

T cos(φ)�
___________ �

(pjet
T)2 �

RHIC    VS = 200 GeV �
�
         11 < pjet

T < 13 GeV �
          3 < pγT < 16 GeV �
        -.5 < ηγ < .5 �
         -1 < ηjet < 1 �
�
Non isolated cross section �

_ �

Belghobsi�
Fontannaz�
Guillet �
Heinrich�
Pilon �
Werlen �



Isolation � Fixed	  target	  (	  pγt	  <	  10	  GeV	  )	  	  πo	  	  resolved	  
Colliders	  	  	  	  	  	  	  isola7on	  
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The Primordial kT of the E706 Experiment �
!

!
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Theoretical improvements�

kT-resummation in the xT= 2pγT/VS  -> 1 limit  => 25 % effect �

(also study of non perturbative contributions) �
Laenen �
Sterman �
Vogelsang �

Thresold resummation:   limit xT -> 1 �
Bonciani,Catani,Mangano,Nason, �
Oleari,Vogelsang, �
de Florian, Vogelsang �

Laenen,Oderda,Sterman �
Kidonakis,Owens�

d(z) = �

_ �

Improved stability with respect to the scales �

αS 4 �__ _ �
2π 3 � (1 + z2) (�

ln(1 – z)�_____ �
1 - z�

)+ � + …�
Becher,Schwarz (SCET)�
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Photon-jet correlations�!
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______________ �Xobs= �



LHC�

ATLAS	  	  	  	  	  	  	  	  15	  <	  pγT	  <	  100	  GeV	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  45	  <	  pγT	  <	  400	  GeV	   Rc	  =	  .4	  	  	  	  	  	  EhT	  <	  4	  GeV	  	  	  	  	  	  

CMS	  	  	  	  	  	  	  	  	  21	  <	  pγT	  <	  300	  GeV	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  25	  <	  pγT	  <	  400	  GeV	  

Rc	  =	  .4	  	  	  	  	  	  EhT	  <	  5	  GeV	  

fragmenta7on/total	  ~	  20-‐25%	  at	  low	  pT	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  10%	  at	  large	  pT	  (	  100	  GeV)	  

JETPHOX	  	  	  	  	  	  
pT/2	  <	  scales	  <	  2pT	  

PDF	  errors	  
~20%	  (low	  pT)	  	  	  	  	  	  10%	  (large	  pT)	  







D’Enterria and Rojo �

Fit incuding γ- jet correlations�
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Resummation of log(Rc
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Monte Carlo approach�
�
Herwig �
Pythia�
Sherpa (Hoeche,Schuman,Siegert)�

kT-factorization�
small xT limit �
�
Baranov�
Hautman �
Jung�
A.V.Lipatov �
Pietrycki�
Szcurek �
Zotov �

Quark Reggeization (BFKL) �
Saleev �
�
�
�
�
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Small-x resummation � (Diana,Rojo,Ball) � A few percents at pT< 10 GeV �

ALPGEN �

GR@PPA (Odaka,Kurihara)	  
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DIPHOTONS�
ResBos (Balazs,Berger,Nadolsky,Yuan):  Soft gluon resummation ->  dσ/dQT �

->�
QT 

= pT1 +pT2 �
->� ->� ->�

DIPHOX (Binoth,Guillet,Pilon,Werlen):  Four different topologies at NLO�
                                      d-d, d-f, f-d, f-f    Isolation (cone, Frixione)�

CdF (2005) �

(Del Duca,Maltoni,Nagy,Trocsany)�2 γ+jet @ NLO�
MC@NLO (d’Errico and Richardson)  (powheg)�
MFCM (Campbel,Ellis and Williams)  ~DIPHOX, with fragmentation at LO�
2γNNLO (Catani,Cieri,de Florian,Ferrera and Grazzini)�

(Bern, Dixon and Schmidt)  BOX at NLO �2gammaMC�





(A)Symmetric Pairs �

Aurenche et al. (1985) �









2gammaNNLO�

p1
T > 40 GeV �

p2
T > 25 GeV �

-2.5 < y < 2.5 �
20 GeV< Mγγ<250 GeV �
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NNNNN	   NNLONLO	  
	  

NLO	  



+	  

Enhanced direct-fragmentation component �

Very	  preliminary	  (guillet,pilon,mf)	  



CONCLUSION �


