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HERA

Electron scattering offers a great tool to study the structure of the
proton

27.6 GeV 920, 460, 575 GeV

Vs = 319, 225,252 'GeV
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per colliding beam experiment
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HERA

Neutral / Charged Current DIS:
ep > eX/ep-ovX

Kinematics
Momentum Transfer : Q* = -¢?
Bjorken x :ox =Q¥(2pq)

Inelasticity oy = (pq)/(pD
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H1 and ZEUS
ep collisions observed by the H1 and ZEUS experiments

NC: ep—e'X CC:ep>ov X
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Method: Measuring, Combining and QCD Fitting

Measure

Combine QCDFit

Measure
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Results: HERA Inclusive Combined Cross Sections [1]

H1 and ZEUS published inclusive cross sections [NC,CC e*p] are combined.

* 1402 measurements with 110 correlated sources of uncertainty combined to 741

Cross sections.

» X2/ dof =636.5/656 « H1 and ZEUS Agree!

H1 and ZEUS
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x=0.002 aﬂ e HERAINCe'p

4 x=0.0002

I cﬂ Jj; 0 ZEUS
1.2 __ ? f_ = HI1

i e 3 L

i e

Pl x=0.008

The HERA Proton ¢ S. Habib ¢ ICFP 2012

Systematic Uncertainty:
«d — 0459, ..

HI LAR

* 0 — 03506

ZEUS BG ZEUS BG

Overall Precision:
* 2% for 3<Q?<500 GeV?
* 1% for 2<Q?*<100 GeV?
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Results: HERAPDF1.0 QCD Fit [1]

Data

The HERA Inclusive Combined Cross Sections allow the extraction of the
valence, sea quark and gluon (scaling violation)

Model

PDF Evolution :  Parameterize at Q* = 1.9 GeV? and use
DGLAP @ NLO to evolve to general Q°

m_ : 1.4 GeV

m, ;. 4.75 GeV

o (M) . 0.1176

Min. Q® of Data . 3.5 GeV?

Heavy Quark Coeftficient Functions :  GMVFNS Robert Thorne VFNS 2008

Parameterization, xf{x)

xg(x) = A xP(1 - x)%, Additional Contraints:

. B, o .5 *  Quark Number Sum Rules

xu(x) = Ay (l=x) (l + L, _r), ¢« Momentum Sum Rule

xd,(x) = Ay xBa (] = x)Co e B-=B; & A; =A;(1-f)

xO(x) = ApgxPr(l —x)‘r, u—das x—0

xD(x) = A;}_r””(] . _1')‘: b * By =B84
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Results: HERAPDF1.0 QCD Fit [1]

Good X2/ dof =574 / 582

H1 and ZEUS H1 and ZEUS
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Combined NC data and CC e p data well described by HERAPDF1.0.
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Results: HERAPDF1.0 QCD Fit [1]

Q”* = 10000 GeV” [scale relevant Rapidity distribution LHC
for W/Z production @ LHC] [7 TeV]
H1 and ZEUS [Amanda Cooper-
1 1 : -Sarkar]
= M:i_ QF =10000 GeV? | F u,;E— Q* =10000 GeV* .

— HERAPDFLO 15 |- -
B exp. uneert. - ]

6 g 1 mndel llmw:l'tt. -al- 1k :
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T T 10 ¥ v !
w50
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= =10000 GeV ]
440 - ':J- B P .
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Few % uncertainty for
central region of LHC detector 5% and better prediction
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HERA II Results: HERAPDF1.5 QCD Fit [1Db]

HERAPDF1.0: combined inclusive HERA | [NLO]
HERAPDF1.5: combined inclusive HERA | and HERA |l data [NLO, NNLO]

HERA | H1 and ZEUS HERAPDF1.0 + HERA Il H1andZEUS HERAPDF1.5

.. I"H-— # HERAINC &'p e HERAPDF1.0 l‘:fp ':t' :1-_ o HEBAI+IINCepiprel) == HERAPDFL5 ¢'p E
XU HERA INC e p —— HERAPDFLD &p 2 e HERA I+IINCepiprel) == HERAPDFL5 ¢p =
ﬂE i +|\éf - -?n
t;- : B = = = '] K= 02 fx300.0) l;:- L et B EET G x = 02 (xS

i B e w= A2 (x1700) i . - T 0032 (xIT0m
: e oo ow g gH_ x-U0 E B N S T e SR
[ e e Ea— T, x-00F (xibey I S P T T
e -
" _ ,—g—a—-—o—n—i—-—ﬂ—g—-ﬂ;ﬁ.' — x=BI3 a2 1 ; g o - B- 003 (5200
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1 1
h25 ixEAl .25 ixz4l N
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1’ Tk ' 10’ Tk 10° 10! , w’ ,
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Improved data precision — Improved PDFs
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HERA II Results: HERAPDF1.5 QCD Fit [1Db]

xf

08

0.z

0.4

HERAPDF1.0

H1 and ZEUS HERA I Combined PDF Fit

QF =2 GeV*

—— HERAPDF1L.0

B e uncert. f
|:| mdel uncert.

- parametriFation ancert,

10 10 ' 1
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xf

0.8

04

0.2

Better constrained valence quarks

0.6

HERAPDF1.5

H1 and ZEUS HERA I+1II Combined PDF Fit

Q? = 2 GeV?

—— HERAPDFL.5 (prel.)

B e uncert. f
I:I midel uncert.

Xii
- parametrization uncert,

Reduced experimental and parametrisation uncertainties

TJuly 2010

HERA Siruciure Funciions Waorking Group
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HERA II Results: First F‘;Z measurement [2—-H1]

Ff structure function offers different sensitivities to the PDFs through
couplings to Z°.

[FQ_ 7. FQZ] =23 2, 2eqvq, 02 + a](q + @)

q

NC Cross Section in terms of the Proton Structure Functions:

Proton Structure Functions :

o - (qxQ9, gx.Q9))
(Y.,.F-g — Yy FL:|:Y_;'1-'.£L:3_)

A%l 27’

dzdQ? 20!

Measured at H1exploiting the polarization dependence of the e p cross
sections.

Pr — FPp - Q2 + ﬂf%

Beam charge dependent term —

Beam charge independent term

aE(Pr) — 0= (Pr) k()? [
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HERA II Results: First F‘;Z measurement [2—-H1]

H1 Preliminary

Q° = 200 GeV/* I OF = 250 GeV* I QF = 300 GeV*? Q° = 400 GeV?
Fﬁz [
2 i
@ = 650 GeV? : Q° = 800 GeV? Q° = 1000 GeV?

24

+ Q° = 1200 GeV/* ] OF = 1500 GeV* - O° = 2000 GeV?

T Gmmon | Gosmea | Germoca | @-scoGer
2r ) [ @ HI prelim.
' Z — PDF fit
l!m._ e M_- .......................... r—
10" 10 10! 10!
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HERA 11

Described
by PDF
fit

Weak Q*
dependence
= Transform
and average
to Q*= 200
GeV?
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HERA II Results: First Ff measurement [2-H1]

H1 Preliminary

F) Z T Transformed to Q* = 200 GeV?
1 L
- ® HI prelim.
— PDF fit (Q* = 200 GeV~)
AN ---- PDF fit (Q* = 1500 GeV?)
- \t
— . )
0.5
0
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HERA 11

Described
by PDF
fit
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HERA II Results: Including Jet Data [3—H1,4-ZEUS]
Jet data constrains the gluon and the PDFs at high x.

H1 measured the DIS Jet cross sections (sigle-, dijet and trijet) normalized to
the NC inclusive measurement

Normalised Normalised Normalised H 1
10" F Inclusive Jet Dijet Trijet
. Preliminary
T ‘. NLO®c,,,
10° . Y NLOJet++ and fastNLO
. . QCDNUM
o . . . CT10, o, = 0.118
o 10° ) e . ® 150 <Q” < 200 GeV’
™ - a o o (i = 10)
X . " . O 200 <Q° < 270 GeV*
S 10 - " . (i=8)
L a " . « W 27007< 400 GeV?
E a T on (i = 6)
L 10 . ® o O 400 < Q% < 700 GeV*
= 5 o {i=4)
4 700 <G < 5000 GeV’
1 z Loa {i=2)
s, ‘ 4 A 5000 = QF = 15000 GeV*
. e, {i=0)
« very good statistical precision 10° f : ¥
e low systematic uncertainty TR R TR BT
. . 710 20 50 710 20 50 710 20 50
* in good agreement with a
prediction from NLO QCD Pr et <PT}Dijet (PT}Triiat [GeV]
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HERA II Results: Including Jet Data [3—H1,4-ZEUS]

Unfolding method employed to extract

Migration Matrix

multi-jet cross sections in order to
reduce model uncertainty

Simultaneous extraction of:
Trijet cross sections—_ |
Dijet cross sections —

vel

Part|cle

Inclusive jet cross sections

Inclusive DIS cross sectimls\

Full correlation matrix calculated
(important for fits)

Trijet
g Y
Trijel-cuts
_,——'_'_'__'_'_'_ J
d—'—'—"d__;_ -~
s B ==
| Dijet
| Q, <pr=are
— Dijet-cuts
-
Incl. Jet
PreQsy. n)
DIS- Reconsirnected Reconstrucied Reconstrected
X jets without match | Dijetevents which Trijet events
Events o gencrator leved are not generaled wihich are ol
(2, y) a3 Dijat event penerated 45
Trijet evenl
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Detector level
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HERA II Results: Including Jet Data [3—H1,4-ZEUS]

Photoproduction

e Measurement of jet
cross sections In vp
using k1, anti-kt+ and
SIScone jet algorithm.

e Stringent test of new
algorithms

The HERA Proton ¢ S. Habib ¢ ICFP 2012

ZEUS
T « ZEUS 300 pb’
ﬁ 10 *| NLO (ZEUS-S/GRV-HO)
E NLO & NP
T =
ST L1 "
=
E -----
-
1
=1
1
_ 142 < \-‘r'_m < M3 eV
.3 ky algorithm
L1
S 05 .
— "
025 L el
S - hedens
E f L_ FEES A
= -0.25 jet energy-scale uncertainty
T_: 0.5 : theoretical uncertainty
= -l

20 30 40 50 60 T0 80 90
FZJT (GeV)
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HERA II Results: Including Charm Data [5,6]

Charm is produced via yg — cc : charm measurements constrains the gluon

H1,ZEUS (D* , Displaced Tracks, Semi-leptonic decays) = Combined F2CE

Inclusive Data Only

H1 and ZEUS (prel.)

N, 680 -
N *=\(ppt)=1.308 + 0.100 GeV -
660- ) !
B HERAFDF1.0
640 RT standard -
B o flexible param
620 :_ ' standard param i
600 - :
| !..-
5‘30’ :_'""""" T '""""'"i';'i'!_i"i!?: """""" ]
L ® & @ -
560
540 .
_I 1 | | I | I | | I I | | L1 11 I | I | | I | | I_l:
520 1.2 1.3 14 15 1.6 1.7 1.8
my [ GeV

11.1

1.05

10.95

0.9

No sensitivity to charm mass
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Inclusive + Charm Data

H1 and ZEUS (prel.)

- 1=
[ mZ*'(opt)=1.572+ 0.018 GeV - £
10001 HERAPDF1.0 + F=(prel) 1.6 "R
[ . RT standard
gm B & flexible param
i . standard param —1.4
am:_ - .
i 1.2
?ﬂ'ﬂ_ -'.:
- .
i . .
. g -1
600

i PN BTN RPN PR AT I B
1.2 1.3 14 15 16 1.7 1.8

mz*' | GeV
Clear sensitivity to charm mass
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HERA II Results: Including Charm Data [5,6]

W and Z production at LHC

44
W™ (s =7 TeV)

O /I nb

42—

- HERAPDF1.0 + F5’(prel.) e

— RT standard

38 . RT optimised
= ==== ACOT-full
i mu=ue S-ACOTy
i ZMVFNS
| | | | | | | | | | | |
36 1.2 1.4 1.6 1.8
mrgodel '[ Gev

Agreement of cross sections is much better using each HF treatment's

August 2010

HERA Inclusive Working Group

G,/ nb

78]
Mo

w
-

28

27

26

- Z((5=7TeV)

.~ HERAPDF1.0 + F;E(pre” T

: = RT standard

e e RT optimised

- mmma ACOT-full

_ mumis S-ACOT-y

- IMVFNS

| | | 1 | 1 l | | ! | |
1.2 1.4 1.6 1.8

ml'cr:lodel l’ Gev

August 2010

HERA Inclusive Working Group

optimum charm mass than if they all agreed to use a common value.
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Conclusion:

The measurers, combiners and fitters work
together to provide one of the most complete
and accurate pictures we have of the proton.
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Outlook:

HERAPDF2.0

The HERA Proton ¢ S. Habib ¢ ICFP 2012

22



Thank You
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