Photon and proton structure - overview
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“*» Warsaw to Paris

“* Proton PDFs

% Photon PDFs

<+ Common ground ¥p dijets
% Outlook




From Warsaw 2005 to Paris 2007

“* Photon2005
— new photon PDFs (AFG04, CJK, SAL)
— ZEUS proton PDF fit (5+ jets)
— F,(y) data from LEP2 (L3)
— data from HERA

« CC DIS cross-sections with polarise® beams
* F,(cc) & F,(bb) (H1 using vertex detector impact parameters)

— NNLO splitting fcns for Ky) (Vogt et al)

“* Photon2007
— further LEP2 measurements (leptonic SF from L3, - bb RH¥
— data from Tevatron Run-1l on proton PDF constraints
— 3 talks on polarised DIS from COMPASS (Stolar&leggiani, Schill)
— promise of complete HERA-II data-sets
— progress and challenges on theory questions
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Deep Inelastic Scattering at HERA

(k) Neutral Current ep - eX , Vg ofZ

Charged Cuent ep - uX , V=W

)
E
<\\

Kinematics
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=2 ex(g,+q) (yonly); F° =3 x(q +q); xF =3 x(q

q (x,Q%) - momentum density of quark flavour
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In poot

T Fhas been ignored
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Proton PDF @evolution

Parton densities evolve @  with homogeneous DGEARs
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PDFs related to physical quantities by coefficfanictions

2
BX@) =y eq, 0cr ea C,
f

X

various factorisation schemes, most popular nomSs
* P. andC given by QCD,now toNNLO

IJ

o Xf (X,Q})= px™(@1-x)* (1+ p,x)  typical PDF parameterisation@f
For a global fit, usig sum-rule constraints, ~12 free parameters
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Data for proton structure

» deep inelastic scattering
- fixed target
- HERA
* Jets (epy p, pp)
e Pp—> WX, 22X
- leptonic decay asymmetri
* heavy flavour

- ep -~ eQQX y -g fusior

Talks by
Kupco — Tevatron jets
Lancaster - W, Z

Perez
Overview of proton PDFs
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F,’ data

HERA
E,27.5, E 920 (820) GeV

Physics luminosity:

HERA-I (1992 — 2000)
~ 140 pbt (mainly ep)

HERA-II (2003 — 2007)

~ 400 pbt (e+/-, P+/-)
21 pbt (Ep 460, 575 GeV)

(2005 only 140 ph)

< now probing largex and Q?



getting at the glue in the protomgR

ZEUS
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New data from HERA-II

*» Quick look at
— high & NC cross-sections
— highy cross-sections
— charm production
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Reduced cross section for polarised electrons
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details in talk by Petrukin
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o = 350 GoV/ 107 = 450 GeV*

n::f 1200 GeV™.1 0 = 1500 GeV*
L0F = 5000 GeV® 1O = 8000 GeV*
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ZEUS NC {prel.) e’p
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X

7 =R 0 - wh(x0)

F, (XQ_) =F + Peae?izl:z-rz
“L)= PP (R) (a.,=-0.5)

Measured cross sections are in
good agreement with SM predictions
over whole kinematic region

e (R) ~71.8 pb-1 @ Pe~+29.7 %
e (L) ~105.4 pb-1 @ Pe ~-27.0 %

Sampa Bhadra, DIS2007 11

ZEUS Preliminary




H1 —o, at highy

H1 Preliminary
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« HERA-II data point
based on 96pb

Q° =sxy

so, for fixeds ad Q°
highy « low X
'Warm p' for F,

10



do/dQ? (nb/GeV?)

g° from charm production in DIS

» dominant process is photon-gluon fusion
* NLO calculation for cross-sections — HVQDIS

« HERA data not yet used directly in PDF determmrati
but agreement using HERA gluons is good

* HVQDIS requires FFNS — work needs to be done to
reconcile this with high &ZM-VFNS
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see also talk by Boenig
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Summary on proton PDFs

** Principal players are:

H1l, ZEUS, CTEQ, MSTW (MRST), Alekhin
Sophisticated methods for handling experimental daicgies
Still a lot of HERA-II data to come (highandQ?)
Combined QCD-EW fits télk by Stelld

Work on combining the H1 and ZEUS data @Rd other data) is
underway — smaller overall errors and the definitheeRA PDFs

(some early ideas in the HERA-LHC workshop)
“* More high precision data from the Tevatron to come
“* NNLO for the inclusive processes already in use

“* More work to be done on including more jet data eimarm(?) to help
constrain the gluon (and on NNLO calculations)

» For details, Emmanuelle Perez later in this session
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vy to X -- DIS on a photon target

Similar variables to proton DIS -

o X,y¥,Q° - but moredifficult to measus
¥ Q2 = 2EbeamE[ag (1_Cosatag )
__ @ HESER
X= Qz W2’ W* _(IZ pihd j
y
y=1- Sag cosz(gj
Ebeam 2

d’c _ 2na’

= Y.F/(x,Q%) - y°F"(x,Q%) | D, (X,
s Q4X[+2( Q) -y’ F/(x.Q%) ] ®, (x.y)
@, is the flux of photons radiated by thetagged beam electr

sincey << 1, the contribution & is neglected
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photon PDF @evolution

= T B | diagram
point-like hadron-like from
AN WVWV< ’\/\/\/\/\/\/\/\C Nisius
Phys. Rep.
@ v () v — ff © ~v— V((J"Y =1"7)
Parton densities evolve @  withhomogeneous DGLAP egns
0z _ as (<
s = 55(T 0P 97 )
agy — as y
anS as
aInEQZ = Ui\lskq +5TqNS D qu’ 0-1[\18: (ef_ 1) /nf
Sasaki this

R, andk calculated frorCD & QED - P, to NNLO (Vogt etal 2005  coccion
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photon PDFs

* PDFs related to physical quantities by coefficfenctions
F/(xQ%) _

. Y efq, OC#+ &°g'0 G, C, (C, is the direct photon terr
f

various factorisation schemes, MS and pIS

 PDFs parameterised usingyalence like' functional form
Xt &QZ ) x (Ex) 4 b arefit parameters)

At

2
Yo,

using VMD connectionf ¥ =« f7 , witk determinadi the fit

* Number of free parameters in 'globdigbon’ fit in range 2 - 6
far fewer than for proton, but then much léata

R Devenish Photon2007
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Data for photon structure

e inclusivee’'e - e'e X

N; :
10°L LEP2 (Vs = 200 GeV)
Yy - X é), F e Linear collider (Vs = 500 GeV)
-PETRA, TRIS AN, LEP l_ 4: —— HERA (Vs = 320 GeV)
e jetsyp - jjX (HERA) ol

» Other possibilities
- y*y - jiX (LEP) al
y*y - X (LEP)

J— 10 L
- y*y - QQX (LEP)
- yp - yiX (HERA) I
- yp - c©X (HERA) 10 =
107 10~ 107 1
* Note that access to smal X

IS limited

diagram from Butterworth & Wing, Rep. Prog. Phys.

R Devenish Photon2007 16
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figure from Nisius, Phys.

R Devenish Photon2007

Rep.

10°
Q’[GeV]

F) data

Difficult !
Compare-,(p) on p6:

- lower precision

- smaller range in In©
but

Provides the dominant

input for photon PDF
determination
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Photon PDFs

2)

*

New at time of PHOTON2005
— almost all LEP data and improved heavy flavouatireents
AFGO04 (update of AFG-HO 1994 nurenche, Fontannaz, Guillet
— F,(y) data from PETRA, TRISTAN and LEP
CJKO04 cCornet, Jankowski, Krawczyk
— F,(y) data from PETRA, TRISTAN and LEP
— checks on compatibility of LEP data
— different gluon
SAL — perhaps the most ambitiosminski, Abramowicz, Levy
— F,(y) data from PETRA, TRISTAN and LEP
— HERA dijet photoproduction, and loxf,(y) from Gribov factorisation

L)

L)

*

2)

*

L)

*

L)

*

Older GRV-HO (1992) and AFG-HO, still in use
— did not use LEP data

R Devenish Photon2007
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Other processes for photon PDFs

% Other processes with jets and/or hard FS photons
— yp - yjX (perhaps for the futur
— yp - jJjX (more on this - aga)
— talk by Grindhammer on HERA processes

% getting at the photon glue
— F,(y) scaling violations — lack of data at lovand small 11Q? range
also masked by scaling violation of pointlike— qq  term
— Yy-hb (LEP) talk by Finch(generated a lot of discussion!)

also reference in his talk to LEPy - tc  (experiments egvith each
other and with NLO calculation) — sensitivity to i PDF

probably masked by uncertainty in charm mass.

R Devenish Photon2007
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NLO calculations:
FGH —Fontannaz, Guillet, Heinrich
K&Z — Krawczyk & Zembrzuski
AFG-HO photon, MRST2 proton PDFs

In principle
sensitivity to
resolvedy

similar measurements by ZEUS (talk by Brownson

R Devenish Photon2007

Prompt photon + jet

do/ dx, (pb)
3

 parton level
L ---- NLO FGH

- with h.c. + m.i. : : i
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vp to JjX — important for botip & y PDFs

direct resolved

hard scale provided b* > 20 GeV
do,(resolved) = [ dyf,,o(y) [ dx,dx, (¢, 1) (X, 142 )G, (X, X 0 47)
with LO estimators fox, anx,

ign' 4 Ei2e’? 1" B2
_E'e” +E%7 XobS:ETlé’ +E ¥

obs _

/ 2yE, P 2E,
xﬁbs >0.75 'direct enrichedx™ < 0.75 'resolved enriched’
proton PDFs photon PDFs

R Devenish Photon2007
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Sensitivity to PDFS

0.2 04 0.6 0.8 1 0.2 0.4 0.6 0.8 1 0.2 04 0.6 0.8 1 0.2 04 06 08 1
X X i i

* From SAL

contribution to cross-section as function @Px

Frixione-Ridolfi NLO code, CTEQ5M proton PDFs & SAdhoton PDFs
E; in the range 14 — 17 GeV

shows sensitivity to combinations of proton andtph PDFS

notice the dominance of &)

R Devenish Photon2007 22



Vp to jjX (ZEUS & H1- details in talk by Bussey)

ZEUS

P _I|III|III|IIIIII
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D
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(d(o + Ac)/dx°"®)/(da/dx
e _

(d(0 + Ac)/dE )/(do/dE,)

T

E; (GeV)
s> T IR RN RN AL
gg_ : obs

1.4F ngh-xV 2

Total theor. uncertainty
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| === most diff. yPDF (CJK) |
| — Proton PDF unc.
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Uncertainties

shaded band
from pg
up to 20%

full line is
propagation of
ZEUS-JETS
PDF fit errors
large at large

Xpobs
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ZEUS

ZEUS 96/97 e -
E(p) N ’ Statistical Uncertainty =
S O <%
ot B =10’
statistical and —
systematic uncertainties 10’ ==
o’ =107
e 30 b at+/ s= 300GeV
data taken 1996/7 i
published 2001 _
* high statistics J e e 1'(
already systematics limited i — : =
. . Systematic Uncertainty
over central region of 3 ) E 'Eﬁ L
kinematic plane ~ — '
- -
io? ¥=10
* now have ~ 18 luminosit
will give significantly improvec 0l r=10°
results at very hig*> and _
i ;
1 -FI"T._::I.T L1l .-l.l Lok’ : ra ol Lol
ot i o 1o !
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Outlook

% Many interesting talks to come in this session

% A lot of high statistics measurements are in progress
— many results presented here are from HERA-I data
— HERA-II will extend measured region at largandQ?
— already some very precise data from Tevatron Run-II
— for both larger luminosity allows access to higje¢iE;
— but systematics limit HERA and Tevatron measurements

% On the theory side

— good news is that NNLO calculations are availébtd-,(p) and on the
way for F(y)

— bad news is that promise of sensitivity of jet em@aments to proton and
photon PDFs is limited by scale uncertainties (aO)L

— real and urgent need for NNLO jet calculations

R Devenish Photon2007
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