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Proton structure probg

Neutral current Deep Inelastic Scatter-
ing (DIS) cross section:

e(k) e(k ) 2o - 27TCL’2Y+ .
dxdQ® ~  Q*x "
* 2 2
YRR 2 @) - LR @) T xs

Y, Y,

xP Q*x
—>—. \\l; where factorsy, = 1+ (1 - y)? and
P

y?> define polarisation of the exchanged
boson and; = Q?/(Sx).
Kinematics is determined by boson virtuali®f and Bjorkenx.

At leading order: HL and ZEUS
_ L >=10 GeV
FZ = XZ eé(CI(X) + q(X)) 7 —— HERAPDF1.0 )
xFs = X2 2eq3q(a(x) — q(X)) |
ote  ~ XUu+c)+x(1-y)*(d+s) 06
0ce ~ Xu+c)+x(1-y)*(d+9 o

Xg(X) — from F, scaling violation, jets ané,
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HERA, H1 and ZEUS.

| Ee X Ep=27.5x920 GeV
| v/s=318GeV

| L=510"cm3s!

| e beam polarisation.

Status: 1-July-2007
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Overview of H1 and ZEUS Resulis
e High Q?, highx.

— Combined Measurement of Neutral and Charged Current Cross
Sections at HERAH1prelim-10-141 ZEUS-prel-10-017

— PDF fits including HERA-II highQ? data,H1prelim-10-142
ZEUS-prel-10-018

— High Q? NC and CCe* p measurement using HERA-II data.
ZEUS-prel-11-003.

— Measurement of neutral currem Q) cross sections at highusing
HERA-II data,ZEUS-prel-11-004
o Low Q?, low x.

— Measurement of the Inclusive p Scattering Cross Section at High
Inelasticityy and of the Structure Functidf . H1 Collaboration,
Eur.Phys.J.C71 (2011) 1579,/1P

e Fits using exclusive final states

— QCD Analysis of Combined H1 and ZEUS® Data,
Hlprelim-10-143 ZEUS-prel-10-019

— Jets at highQ?, Hlprelim-11-0xx
— Jet cross sections used in PDF Hi,prelim-11-034, ZEUS-11-001




High Q?, high x

(Hlprelim-10-141,ZEUS-prel-10-017),
(H1lprelim-10-142,ZEUS-prel-10-018), ZEUS-prel-10-018,
ZEUS-prel-11-004

(Also talks of J. Sztuk-Dambietz, A. Caldwell, S. TrevorSingh)



Combined H1 and ZEUS HERA-I-HERA-

H1 and ZEUS
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H1 and ZEUS
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Ll il ol N
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Combination of HERA-I and HERA-II data collected by H1 andZ§,
for CC and NC processes (missing only (o from ZEUS, which

comes next!).

674 combined data points with 134 sources of systematicrtaicty.

Significantly more precise®p CC ande™ p NC data compared to

HERA-I combination.



HERAPDF1.5 Fit

H1 and ZEUS talk of A. Caldwell
oo 3
< C ee x=000005, =21 e HERAI+IINCe™p (prel.) |
O 100 Lee x = 0.00008, i=20 1 Fixed Target o
X L e 000020, = HERAPDF1.5 Z
—~ C (] x =0.00020, i=18
@) - .»M x = 0.00032, i=17
+< 105? ,,ﬁ':,.. x=0.0005, =16
R SO0 OO vy e NLO HERAPDF1.5
104 .—M X = 0.0020, i=13 _
g ,W X = 0.0032, i=12 (prel) fit
B "-W x = 0.005, i=11
100 e emaseere XZ0008CI0 o Good agreement between
J: .-—Wx'g'ffb{gizg DGLAP prediction and
10° = .- _ .
= W x =0.032, |—-7
E W x =0.05, i=6 the data
0 e eeere—, OO 3 e Extrapolation to lowQ? is
L resmmmmmm e T c=o8, i3 o consistent with fixed tar-
M $=025.12 5 get data.
10 -1;— * X = 0.40, i=1 o
. _2; M X = 0.65, =0 E
8 <
X i
10-3\‘ L \\\HH‘ L \\\HH‘ L \\\HH‘ L \\\HH‘ L \\\HH‘ L [ I
1 10 10° 10° 10" 10°
Q% GeV

https7/www.desy.d¢gh1lzeugcombinedresultgindex.php?deprotonstructure
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HERAPDF1.0 and HERAPDF1.5 fits

talk of A. Caldwell

H1 and ZEUS H1 and ZEUS HERA I+ll 10 parameter PDF Fit
1 - 1 -
i Q%=10 GeV = Q%=10 GeV g
&
08l —— HERAPDF1.0 o8l — HERAPDFL.5 (prel.) =
L B exp. uncert. I B exp. uncert.
|:| model uncert. L |:| model uncert.

[ parametrization uncert. XUy [ parametrization uncert.

0.6

0.6 \

0.4 0.4

| xg (x0.05)

0.2 0.2

HERAPDF Structure Function Working Group

0
10* 1 104

e Fits parameterisgU, xD, xu,, xd, andg using
xf(x) = AxB(1 - x)°(1 + Dx + Ex?) form.

e Experimental andparameterisatiouncertainties are estimated.

e HERAPDFL1.5 fit provides determination of the valence quarsdas
at highx with reduced uncertainties compared to HERAPDF1.0.
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HERAPDF1.5 NNLO fit

talk of A. Caldwell

H1 and ZEUS HERA I+l 14 parameter PDF Fit H1 and ZEUS HERA I+II PDF Fit
1 - —— 1 -
— —
i Q%= 10 Ge\? S x i Q%= 10 Ge\? S
I S S
i — HERAPDFL.5f (prel.) s i —— HERAPDF1.5 NNLO (prel.) =
0.8 I exp. uncert 0.8 )
\ ' : L exp. uncert.
[ ] model uncert. 1 model
[ parametrization uncert. Xu, | model uncert. XU,
parametrization uncert. /\
0.6 \

HERAPDFL.5 (prel.)

0.4

0.2

HERAPDF Structure Function Working Group
HERAPDF Structure Function Working Group

0 = — T I I L1 - — AN
10* 10° 102 10t 1

o F

0 === 111 I I L
10* 10° 10° 10"

NNLO QCD fit using fixedes(Mz) = 0.1176
Flexible gluon:xg(x) = AxB(1 — x)¢ — A’x®' (1 - x)?°.

v?/Nys is comparable between NLO and NNLO fi#s14.3/660vs
7351/660.

e HERAPDF1.5NNLO has harder gluon at higltompared to
HERAPDF1.0NNLO fit.
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ZEUS NCe"p data

200 GeV Q 250 GeV Q 350 GeV Q 450 GeV
[ Q=650 GeV? Q? =800 GeV? Q% =1200 GeV? Q% = 1500 GeV?]
[ Q?=2000 GeV? Q?% = 3000 GeV? Q% =5000 GeV? Q% =18000 GeV?]

n

[ Q2 = 12000 GeV? Q%=20000Gevd  Q%=30000Gevy] 107 10
T -1 e ZEUSNC (prel)
| | e*p (135.5pb )
1 { —— SM (HERAPDF1.5)
1 ] Pe = 0 (corrected)
1 41 O ZEUSNC
1 o | e’p (169.9pb %)

'\. | e | — SM(HERAPDFLS5)

T T RO AN ERTETETTTTT RRTETRETTY AT RATEETITT R Pe = 0 (corrected)

102 10% 102 10? 102 10%
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talk of S. Trevor

ZEUS new preliminary NC

e"p measurement based on
complete HERA-II sample.

— last inclusive sample for

HERA-II.

Data are compared to HERA-
Il e p sample and predictions
based on HERAPDF1.5 fit.

Difference betweem p and

e" p cross sections can be used
to measurexF3 and constrain
valence quarks.



ZEUS Extension to hig

ZEUS talk of I. Singh

10FT T T T T T
Az \ Q%575 1 \“ Q%725 | \\' Q%875 | \ Q%=1025 ]
10" F —_— & F *
—_—
e
1k Q*=1200 } Q*=1400 } Q°=1650 f Q?=1950 ]
(\'l_| 10MF .\‘.‘. +* .\'.‘. -+ .\‘.u. k3 .\....‘ E
> 10° — % — % —¥ —F % ] 7
8 10° ¥ T 1
~ + 7 + + + T + e+t + + + o +
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Nb 10°F + N + +
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10° . o —a—]
102 ' T T i'o 07 04 06 08 10 02 04 06 08 1
107 °=9500 } Q7=15500 ] Q%in [GeV?|
. ZEUS (prel.) e p 142 pb
i ¥ \ 1 ZEUS (prel.) € p 142 pb*
10°F k § 1 (Integrated/Averaged)
10°F * CTEQ6D
002z 04 06 08 10 02 04 06 08 1 HERAPDF 1.5
X | 68% CL

e NoOt SO many accurate constraints on PDFs at langest

e Resolution of kinematic reconstruction at HERA degrades fo

low y < 0.01

— IntegratedXin < X < 1 measurement. ZEUS-prel-11-004.
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Low X, Low Q?, High y

H1 Collab., Eur.Phys.J.C71 (2011) 1579/12
(Also talk of A. Petrukhin)
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Ls Q?=1.5 GeV? Q%=2GeV? Q*=25GeV? Q?=3.5 GeV?
it ' & &
ve
£ ¥
05F ¢ g : §
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05F .
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05F
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’ o
i‘s i‘, 3 o E,=920GeV
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¥ ' s . E=575Gev
05f
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10* 10° 10? 10* 10% 102 10* 10° 102

Measurement of Cross Section at High

H1 Collaboration

talk of A. Petrukhin

Analysis of HERA-II data sample
with dedicated extension to low
E. — high inelasticityy.

Reduction of the errors at high
for E, = 920 by factor of ~ 2
compared to HERA-I sample.

Reduced proton energy run for
E, = 460 GeV and E, =
575GeV.

Extension of the kinematic reach
to Q% > 1.5 Ge\~.
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Measurement of the Structure Functilénj
[ talk of A. Petrukhin

H1 Collaboration

FLo [ TE 8 REY 2E fE g3
X
0.4
0.2+
o
O_. ......................................................................................................................................................
- . | HERAPDF1.0NLO [ MSTWO08 NNLO
] CT10NLO ] JR0O9 NNLO
- O ZEUS I NNPDF2.1 NLO ] ABKMO09 NNLO
_0-2 | | | | | | | L | | |
2 10 50
2 2
Q° / GeV

Measurement of the structure functibp extended t@Q? > 1.5 Ge\?
and compared to predictions from PDF groups. Good agreement
within the uncertainties.
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Low x phenomenology: DGLAP vs Dipolge

o 2

15

0.5

15¢
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15¢
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15¢
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H1 Collaboration

Q%5 GeV?

Q%*=6.5 GeV?

% \ 5"‘“%%& \\\\\\\\\ o
el "l '!_—v—’—’\—‘—’ L
Q%=8.5 GeV? Q%=12 GeV Q%=15 GeV?

S, oY oy
Q=45 GeV’ Q%=60 GeV? Q=90 GeV?
bbnf'\ th\ nunﬁh\
Q%=120 GeV? Q%=150 GeV?
\En E\: — 920
Dnﬁ\ o _ gheo
Op I°N _ cy%75
DGLAP, ———--~"" "> —_— ~ gl

valerice

L . L L | | | |
10* 10° 102 10t 10* 10° 102 10*
X

talk of A. Petrukhin

Compare DGLAP and DIPOLE mod-
els in the region of phase space valid
for both: x < 0.01andQ? > 3.5 Ge\~.

e Three DIPOLE models: GBW,
IIM and B-SAT and two diferent
DGLAP models for heavy flavors

and inclusion of higher orders for
F.: RT and ACOT.

e Valence quark contribution siz-
able even forx < 0.01L. Use
DGLAP estimate to correct for it.

e Best y?/Ng; is for ACOT
(248/249), followed by I[IM
(259/252) and B-SAT £62/252).

15



Inclusive++ Results

Hlprelim-11-0xx, (H1lprelim-11-034, ZEUS-11-001),
(H1lprelim-10-143,ZEUS-prel-10-019)

(Also talks of R. Kogler, K. Nowak, R. Ptakye)
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Decomposingi andc densities at lowk

talk of R. Pl&akyke

Inclusive structure functiof, IS SENSItIVE %~ [ o=scev | omescer | oicev

to *\\ S
Fo~4(U+U)+(D+D), e, S g

whereU = u+candD = d+s+b. Atlow fros] e | e g0

x andQ* > mg, contribution of charm tc %4 : \ g

F, reaches80% o2t \\ ’ ! AN £

Determination of charm contribution is foaf e-mew [ emmer [ otaesw ;

mixed theoreticgéxperimental problem: ol \ ;\ 7 2

can be calculated given the gluon d | | N :

1 1 1 BN 0 | Z-JlOOOGe\}Z -4‘ .3.2 -4‘ .3.2
sity, however description of the char ©ost <- 10* 10° 102 10* 10° 10

X X
e HERA (prel.)

threshold is complicated leadingtoanu %2} | g o
ber of matching schemes (RT, ACC ™| | o
FONLL ) ° 10* 10° 107 ZMVENS

). y

Combined HERAFS® data reacheS — 10% precision per point, can
be used to study fferent HF models.
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Scan ofmy* and Predictions for LHQ

A3

H1 and ZEUS (prel.)

HERAPDF1.0 + F%(prel.)

RT standard

........ RT optimised

..... ACOT-full

T S-ACOT-x
ZMVFNS

1 ! ! 1

1 1 1 1 1 I
1.4 1.6 1.8
mpese / GeV

—— RT standard
------- RT optimised
== ACOT-full
—mm S-ACOT-X

ZMVFNS

| ! ! ! | ! ! ! |

1.4 1.6 1.8
mze* / GeV

August 2010

HERA Inclusive Working Group

August 2010

HERA Inclusive Working Group

talk of R. Pl&akye

All models use a parameter™® which is
related to the charm pole mass. Use it as
a free parameter to tune the models to the
charm data.

Fits to combined HERA-I inclusive and
F5° data using dferent models for HF
treatment.

Large ~ 7% spread of the totabp — Z
cross section predictions faf'* scan be-
tweenl.2 — 1.8 GeV and also for a fixed
mro‘® when considering diierent models.

However, the spread is reduced<adl.0%
(excluding ZMVFNS) when predictions
are evaluated at the*(opt) values.
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ratio to NLO (NLOJet++ [ HERAPDFL1.6 free a,)
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Combined DIS-Jets Fit

H1 and ZEUS (prel.)

14
1.2F

—e— H1 data
L Eur. Phys. J. C65, 363 (2010)

1.4F
1.2F

" 400 < Q2 < 700 GeV?

1.4¢1
1.2¢

|:| PDF uncertainty

D scale uncertainty [
e L
~ 150 < Q2 < 200 GeV?
P S rﬁ
- 270 < Q% < 400 GeV?
R

e

- 700 < Q? < 5000 GeV?

5000 < Q? < 15000 GeV?
| ! ! !
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March 2011

HERAPDF Structure Function Working Group

ratio to NLO (NLOJet++ [ HERAPDFL1.6 free a)
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15
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H1 and ZEUS (prel.)

talk of K. Nowak

1.4¢
1.2

E_ D PDF uncertainty r —e— ZEUS data

C |:| cale uncenainy 7 Nuc. Phys. B765 (2007)
Pigpo] ogweipl
- 125 < Q? < 250 GeV? [ 250 < Q7 < 500 GeV?

4111 I

;'500 < Q? < 1000 GeV?

oyt L

71000 < Q? < 2000 GeV?

]

RS

-2000 < Q? < 5000 GeV2f

Q? > 5000 GeV?

10 E, [GeV]

10 E, [GeV]

e Fit combined inclusive HERAH#II data and add to this fit published
iInclusive jet samples from H1 and ZEUS.

e Good description of the jet cross sectiorlERAPDF1.6set.
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HERAPDF Structure Function Working Group
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0.8
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041

0.2

Combined JetDIS inclusive fit andxs(my)

talk of K. Nowak

H1 and ZEUS HERA I+l 14 parameter PDF Fit H1 and ZEUS HERA I+l PDF Fit H1 and ZEUS HERA I+l PDF Fit with Jets
- 1 — 1 “
pa = | = ~
Q%= 10 Ge\? g = Q%= 10 Ge\? g = Q%= 10 GeV? R
~ < =
S S [=
— HERAPDFL.5f (prel.) s — HERAPDFL.5f (prel.) s — HERAPDFL1.6 (prel)) s
B exp. uncert. 08 | freea(M,) 08 7 freea (M)
[ model uncert. I exp. uncert. A B exp. uncert.
[ parametrization uncert. [ model uncert. [ model uncert. XU,

[ parametrization uncert.

[ parametrization uncert.

. HERAPDFL.5 (prel.)

xg (x 0.05)

HERAPDF Structure Function Working Group
HERAPDF Structure Function Working Group
HERAPDF Structure Function Working Group

FiX as, no jets Freers, no jets Freers, + jets

H1 and ZEUS (prel.)
20

min

N

e Freeingas in fits increasesg(x) uncertainty
at low x due to largexg(x)-as correlation. s

e Inclusion jets allows to reduce this correlation
and improve uncertainty.
e as(Mz) = 01202 = 0.0013(exp) + i

0.0007(mod) +  0.0012(had)39%th). .~

--- HERAPDFL1.5f
— HERAPDFL1.6

HERAPDF Structure Function Working Group March 2011

1 l T — l T — l T — l T — l T — l T —
0.114 0.116 0.118 0.12 0.122 0.124 0.126
ag(M.)
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HERA PDF Compared tpp andpp Jets

ATLAS Preliminary

5 Tevatron Jet Cross Sections © 1.5 Y03 o [raeaont
E' 25 ¢ E , © L T — 1 Vs=7Tev
Eooet = o e S in
E 2 yi<o4 E 8' 1l a3 o o 0-0-00=< ] anti-k jets, R=0.4
< = r — C ]
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% E ] ; O 05 4 & 512;?52?2:; error
:g 1 ; ----- ? t 15 . ] |:| Syslem_a(i_c
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o " E o - .
I: S S 1 Hee= a
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0.5 ; ; 1 :— —: o2 NNPDF21
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e HERAPDF sets do not include jet data, yet gives satisfactory
description of these data.

e For Tevatron (DO), HERAPDF is somewhat below predictions,
for ATLAS, HERAPDF provides the best description of the data
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H1 Measurement of Inclusive and Multi-jets

Inclusive Jet H1 Preliminary talk of R. Kogler
1.4 === HERAPDF 1.5 with NLO unc. ag(M,) = 0.1180
- NNPDF 2.0
1.3 = CT10 ! : ' ! !
1'2:_ i i i i — — 1 i
s £ | | | - B
© IO S B O S et =S SCE TS 0
a Mg : : : | = : :
~ - L= | === | — ! ! T !
4 - ! ! ! ! ! ! !
08— ! ! ! ! ! ! !
07— | @?bin1 ! @?bin2 ! Q?bin3 ! Q?bin4 | Q?bin5 ! Q?bin6 !
= 71 N N 1 AN TSN Y YT T 11 AN S U S Y ST N V1 AN M A
10 10 10 10 10 10
P; [GeV]

e New measurement of inclusive and multi-jet cross section for
150 < Q? < 15000 GeV.

e Compared to predictions from recent PDF sets: CT10, NNPDQF2.
HERAPDF1.5

— Some preference for HERAPDF1.5, mostly due to hidtigh Q? bins
were CT10, NNPDF2.1 are high due to Tevatron jet data.
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Summary

Many new results from HERA during last year

New HERA-II data improve precision atgh x, in particular for
U,.

Combination of the H1 and ZEUS data brings ultimate prenisio
for PDFs. PDF analysis is performed at NLO and NNLO.

New H1 results providé&, measurement down to
Q? = 1.5 Ge\#, new input forlow x phenomenological analyses.

Combined charm data fix heavy flavour models parameter
variation, reduce PDF uncertainties for the LHC prediction

Fit to inclusive+ DIS-jet data provides determination @(M;)
with consistent treatment of PDF uncertainties.

— HERA continues to provide data essential for physics at HE L
The data is the main ingredient for all modern PDF fits. HERAPD
fits provide alternative PDF sets with well understood expental
and theory uncertainties.
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EXTRAS
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HERAPDF1.5 and HERAPDF1.5f fits

H1 and ZEUS HERA 1+1l 10 parameter PDF Fit

0.8

Q%=10 GeV

— HERAPDFL.5 (prel.)

B exp. uncert.
|:| model uncert.

[ parametrization uncert.

March 2011

HERAPDF Structure Function Working Group
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H1 and ZEUS HERA 1+1l 14 parameter PDF Fit

Q%=10 GeV
i — HERAPDFL.5f (prel.)
I exp. uncert.
[ | model uncert.
[ parametrization uncert. Xu,

........... HERAPDF1.5 (prel.)

| Xg (x0.05)

HERAPDF Structure Function Working Group

e Fits parameterisgU, xD, xu,, xd, andg using
xf(x) = AxB(1 - x)°(1 + Dx + Ex?) form.

e Recently fits were extended from 10 to 14 parameters, byingax

assumptions tha, = By, using extra term fou, and flexible
parameterisation for the gluomy(x) = AxB(1 — X)¢ — A'x® (1 - x)?.

— similar overall errors, more flexible shapes (important f&NLXD).

25

March 2011



1.5F

0.5F

1.5F

0.5F

1.5

0.5F

1.5F

0.5E

Measurement of the ratig

I—!l Collaboration

3 Q=2GeV? £ Q°=2.5GeV? | Q%= 3.5 GeV?
3 Q°=5GeV? [ Q’=6.5GeV’ | Q%= 8.5 GeV?
- @H &
3 | ol Ex......l o vl 3 | +T il
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: L , $§¢¢+ , iy
III 1 IIIIIIII I IIIIIII I 1 IIIIIIII
3 Q%= 25 GeV? Q*=35GeV® | Q%= 45 GeV?
3 3 - e HilData
: - — ACOT
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X

e Measurements
of the structure
function FL
and F», can be
presented as a
measurement of
the ratio

FL

R=— "
F,— FL

For Q% > 3.5 Ge\?, data are consistent with const&ht 0.26 + 0.05
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Low X phenomenologya fit

e UsingR = 0.26, calculatd~, = o /(1 — 1_FfR 1+(iy_y)2)

e Fit F, in eachQ? bin assuming (modified) power-law behaviour:

Fz — CX—/H/I’ In x

H1 Collaboration H1 Collaboration
A 0'4;b) A’ O'Ong)
0.3f /‘ 0.01- ¥
0.2 . of et
SIE: Fie i NPT
0.1r l * H1 Data - Iliin .
B o -0.011
oF — Line fit :
N BT R e
Q*/ GeV? Q?/ GeV?
Offset-method fit assuming = 0 Offset-method fit assuming= 0.25
y?/dof =538/350 Y?/dof = 464/350

Rise ofF, is tamed compared to pure power-law @f < 10 Ge\~.
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