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HERAPDEF strategy outline

Input data restricted to purely HERA measurements
Good understanding of input
Data cross checked between H1 and ZEUS
Data cross calibrated between two experiments
In-depth understanding of correlations

Only ep data: no need for nuclear corrections

Different approach providing a valuable challenge for other “global” fit-
ting groups
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charm

NC, CC, F2c
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JHEP 1001:109,2010
arXiv:0911.0884 [hep-ex]

HERAPDF 1.0

Fit to combined H1-ZEUS NC and CC, e'p, ep data

Neutral current:

dz(jji\](j 20(7'[ ( : X )
dxdQ>  xQ* / % \
oncz e;(xq,+xq,) XF ;oc ( —Xxq,) Foco,Xg
l gluon at NLO

guark distributions
gluon from scaling violation

valence qguarks

Charged current:

d2 —. G2 M2 B
LV (utc+(1- ) (d+5)
dxdQ T M,,+Q > flavour
Ao G2 M - decomposition
Fou G My (aver(1-y)(a+s)
W
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JHEP 1001:109,2010
arXiv:0911.0884 [hep-ex]

HERAPDF 1.0

Fit to combined H1-ZEUS NC and CC, e'p, ep data
« HERA I period, (~63 pb™ per experiment)

* Combination significantly reduces uncertainty
Jun HERAPDF 1.7 HI and ZEUS
2011 NC,CC,F2c,jets Na: g ﬁ@:aoocevz Q=506 [ QP=1000GeV [ QP=1500 GeV?
» L L L
B, g d g
Mar HERAPDF 1.6 ¢ole H‘ b,
2011 NC, CC, jets SIERE T T TR
v | oo | goomge’ | eemon | gosmece
HERAPDF 1.5 t }ii{’ 3 : :
Aug charm | f% — %‘1‘ f
2010 NC, CC, F2c 1§ - ific%% "
0 Ll AR RIS 1Y ARG o AR
Jul HERAPDF 1.5 015 Q=150 Gev? )
e HERAICCe'p
2010 NC,CC o b HER
0.05 quﬂ H1
Nov | HERAPDF 1.0 o bl :
2009 NC, CC
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HERAPDF 1.0 orxiv:0911.0884 [hep-ex]

Fit to combined H1-ZEUS NC, CC, e'p, ep data
« HERA I period, (~63 pb™ per experiment)
» Combination significantly reduces uncertainty

Jun HERAPDF 1.7
2011 NC,CC,F2c,jets

H1 and ZEUS

x=0.002 e HERAINC e'p
ZEUS

Mar HERAPDF 1.6
2011 NC, CC, jets i [

2 [ : Ligt| x=0.008
LU

HERAPDF 1.5

Aug charm o [
2010 | NC, CC, F2c

0.6 e o | GEHE x=0.032
jul HERAPDF 1.5 g # x=0.08
2010 NC, CC x g:.-,-zi!fi_f % # %$x=0.25
NOV HERAPDF 1.0 o Lt 0 ,1 L 02 L ...___.._..03 L |u4 L
2009 NC,CC o/ Gev?
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Hlprelim-10-142

HERAPDF 1.5 ZEUS-prel-10-018

Fit to combined H1-ZEUS NC, CC, e'p, ep data
* Preliminary HERA I+II combination (~0.5 fb™ per exp.)
» Further reduction of uncertainty

e This is the currently recommended set
Jun HERAPDF 1.7

2011 NC,CC,F2c,jets

Mar HERAPDF 1.6 | Hland ZEUS HERA I Combined PDF Fit H1 and ZEUS HERA I+II Combined PDF Fit
. e o 1

2011 NC, CC, jets S Q*=10 GeV? % Q=10 GeV? S
>
=
08 - —— HERAPDF1.0 038 7 —— HERAPDF1.5 (prel.) -

I B exp. uncert. ’ [ ¢

HERAPDF 1.5 | ’ o e

N\ || model uncert. xu, [ [ | model uncert.

xu,

Aug charm
2010 | NC, CC, F2c

Jul |HERAPDF 1.5 *
2010 NC,CC

Nov HERAPDF 1-0 101 — B “‘1‘0'2 | | H'l " 10*
2009 NC, CC

|:| parametrization uncert. N
|:| parametrization uncert.

0.6 ~

0.6

0.4 7 xg (x 0.05) 04

02 02

HERA Structure Functions Working Group
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Hlprelim-10-143

HERAPDF 1.0 m_scan zspe-ioors

Fit to combined H1-ZEUS NC, CC and FZC" data
e 9 H1 and ZEUS measurements used in combination

K]
Thy i Q*=2GeVZ | Q%=4GeVv2 | @*=6.5GeV? |8
Jun HERAPDF 1.7 028 I u B ?%‘l . 3
2011 NC,CC,F2c,jets ER T . S ol { ? Fa i S
0 1 1 1111 I| = | I L1 I1ll _é 11 I1I(l = | 1 1 11 |I1I(l = II1I(1 = | 1 1 11 ||1|(l = | |
Mar HERAPDF 1.6 05 Q*=12GeV? | Q%20 GeV? |- % . G°=35GeV? g
; - I O]
2011 NC, CC, jetS g } - ﬁg g P - ﬁ gi _g
e MAES L B3
HERAPDF 1.0 0 10 11 11 IIII(l_3 | | 1 ||I1I012| Ill1l(l.3 | | L1 ||I1l(l-2 g
Aug charm 05 [— Q=60 GeV* |- Q*=120GeV® [ Q*=200GeV? '-'_E
2010 NC, CC, F2c - é - i :
i i # I %é I J? i
- s Tl x Z
Jul HERAPDF 1.5 0 Il1l(l-3 1 [ IIII1I0|_2 l | 11 | |II1|0|_2 | I%\I | [ |I||1I0|_2 1 1| IIII1IO-1I
2010 NC CC 5 5 5 ) ® HERA (prel.)
’ - Q2=400GeV? | Q%=1000 GeV 4 H1D'HERAII (prel.)
i o H1D* HERA I
O T O s e
S S " P sishe
Nov HERAPDF 1.0 N [ 3 ZENSE. 0200
0 Ll Lol Lol L 11 - ZEUS D* 96-97
2009 NC, CC 1072 10" 107 10
X
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Hlprelim-10-143

HERAPDEF 1.0 m_scan z:vsvre-000

Fit to combined H1-ZEUS NC, CC and FZCC data
e 9 H1 and ZEUS measurements used in combination

e F * data allows determination of an optimal m_parameter
Jun HERAPDF 1.7
2011 NC,CC,F2c,jets
HERAPDF 1.6 « 680, Hiand ZEUS (prel) H1 and ZEUS (prel.)
Mar \, 00Ur 1. % «o 1 =
2011 NC, CC, jets 660 mg™(opt)=1.308 £ 0.100 GeV 11.13 NE = i mz**(opt)=1.572 + 0.018 GeV _| 2
- HERAPDF1.0 ] = 10001~ HERAPDF1.0 + F(prel.) |1.6 T
640 RT standard 1.1 - . o _
HERAPDF 1.0 E + Hexible param : s00L e _
Aug charm 620:_ o standard param _:1 05 i ® o standard param —-11.4
2010 NC, CC, F2c 600 ] i . .
B .Oooog ] 800_— :
ERAPDE 1.5 LA ek i o 12
JUI H . 560; ] 700:— Oo oO ]
2010 NC, CC ; Jo.95 - o
540? ] 600 ZGW 7777777777777777 -1
520:..|....|....\...1|.‘..|....|...‘|.;0_9 i I AT S S N A
Nov HERAPDF 1.0 12 13 14 15 1.6 1.7 1.8 1.2 13 14 15 16 1.7 1.8
2009 NC, CC mz>' / GeV mg* / GeV
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Hlprelim-10-143

HERAPDEF 1.0 m_scan z:vsvre-000

Fit to combined H1-ZEUS NC, CC and FZCC data
e 9 H1 and ZEUS measurements used in combination

e F * data allows determination of an optimal m_parameter
Jun HERAPDF 1.7 o Optlmal mc dependS
: H1 and ZEUS (prel.)
2011 NC,CC.Fac.jets on the scheme N, T : )
B HERAPDF1.0 + F<(prel.) =
Mar HERAPDF 16 ° All SChemeS 1200 B —— RT standarzd %
2011 NC, CC, jets describe data if I 7 RT optimised i
proper m_used : T vens.

HERAPDF 1.0 1000~ 3
Aug charm I <‘C5,>
2010 NC, CC, F2c R g
800 . =
Jul 'HERAPDF 1.5 - 3
2010 NC, CC i E
-c <
o
e R S | -

Nov HERAPDF 1.0 1.2 1.4 1.6 1.8

2009 NC,CC m | GeV
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Hlprelim-11-034

HERAPDF 1.6 ZEUS-prel-11-001

Fit to combined H1-ZEUS NC, CC and jet data

o) o ol DIS cross sections at

Jun HERAPDF 1.7 leading order sensitive to
2011 NC,CC,F2c,jets
smglet O g € A

Mar  HERAPDF 1.6

NC, CC, jet 5) o2 .
2011 2 LLO (_j Jet cross sections at lead-
HERAPDE 1.0 G(x) ing order sensitive to
Aug charm ﬁ
2010 NC, CC, F2c gluon 999‘ O_jetOCO(S<CGG+CAA)
(025
Jul HERAPDF 1.5 b"u—

2010 NC, CC

s ( X) a Simultaneous a and

Noy HERAPDF 1.0 non-singlet PDF exctraction
2009 NC,CC
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Hlprelim-11-034

HERAPDF 1.6 ZEUS-prel-11-001

Fit to combined H1-ZEUS NC, CC and jet data
e 2 inclusive jet measurements from H1
e 2 inclusive jet measurements from ZEUS

Jun HERAPDF 1.7 Normalised Inclusive Jet Cross Section Inclusive Jet Cross Section
. EH1 a| 'FH1 b) % ok X . | 5 ok R ,
2011 NC’CC,FZC,JetS ; 150 < Q%< 200 GeV? : 200 < Q%< 270 GeV? 8 5<Q°<7GeV L 7<Q% <10 GeV
L 10
o 10“;::\::|:: 10"?:|:.:1=: .&'_ 105— .;.';
2 i S L Sk
HERAPDF 1.6 * Ll %ol
Mar . © N§1o‘§—H1 N_g§1“'§_H1 *
2011 NC, CC, jets e T e T e
08_8 110 20 30 40 o8 é?o 20 30 40 mg 102? 10 < Q% < 15 GeV? ,,E 15 < Q% < 20 GeV?
P;[GeV] P;[GeV] 5 10F s '°F
HERAPDF 1.0 M 270 < Q%< 400 GeV? ° §H1 400 < Q%< 700 GeV? ? N"gr 1‘ ,.f 1P
10 F 10 3 10" ;_ =3 10" 3
Aug charm g ti : & . & [ H1
RS F F s 102 = s
2010 NC, CC, F2c & L3 1 P, [Gev]*® N P, [Gev]™
) ] £
12f _I . 4 12f . N _ % 10— * 20 < G < 30 GeV? % 10F e 30 < G < 40 GeV?
e Y — 2 2
Jul HERAPDF 1.5 W g, sw o w g
1F 1F 5 E 5 E
2010 NC, CC M o carsoocet O §H1 000 < Gt 15000 GoV? | 8 e HT o5 100 H1
o O 10'F 10 P, [Gev]®® 10 P, [Gev]®®
o :
5 : I 10F
;’i 10k 107 ‘ilm data E 10 40 < Q2 < 100 GeV?
E F NLO ® hadr 2
NOV HERAPDF 1'0 12 120 ‘ & ok * H1 data
2009 NC, CC R S Su 1Y) SATELREE S ) B NLO ® hadr
8 10 20 30 40 8 10 20 30 40 LS EH
P,[GeV] P,[GeV] ° -
10 PT[GeV]so
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Hlprelim-11-034

HERAPDF 1.6 ZEUS-prel-11-001

Fit to combined H1-ZEUS NC, CC and jet data
e 2 inclusive jet measurements from H1
e 2 inclusive jet measurements from ZEUS

Jun HERAPDF 1.7 "2 0.4 e zpus s2pp7) T -7 = .
. A Y s 2.2 L 2
NC,CC,F2c,jets = 020 Mm@+ By
2011 ’ ’ 2 ZEUS J L ol T b
< AL L IR BRI ILELL ILALALEL R RURLIL I 3 0 HETREH LT T T80 sy
> * ZEUS 96-97 ] S F eI O & Ll ,
(51065— Jet ener le uncertainty 3 [ 1 _
Mar HERAPDF16 3% o oy scae ety =02 :
i ~ 10°E o, (M= 0.1175 - 8 I 125<Q’<250GeV’ | 250<Q’<500GeV: ]
2011 NC, CC, Jets -§010 ? - DISENTMRSng(uR=E1B-'Iet) ? H. 0.4 L Il Il ‘<Q\ <\ Il ‘e Il Il T Il 1 |<Q\ <\ Il Ie Il Il ]
TR --- DISENT MRST99 (1,=Q) = A A S B A
I_.Id 10 _ 125 < G < 250 oV _ E 0.4 jet energy scale T [//INLO uncertainty ]
B 3 r (x109) ] @ 02 uncertainty ji B
HERAPDF 1.0, v 2 -
. (x10% ] [ T 1
Aug charm 10%F . 0 AT N '8 WEE= S G 1
E > 500 < Q% <1000 GeV 2 3 C T ]
2010 NC, CC, F2C 10 & (10%) _ -0.2 |- T -
1000 < Q? <2000 GeV? [ 2 2 2 2
100) ] 04 500<Q’<1000GeV: T 1000 <Q’ <2000 GeV’ |
1 E = L | ! | | | ] T | | | | | | | L
3 2000 < G <5000 GeV? 7 04 - L B B B
Jul HERAPDF 1.5 PRI o l : :
2010 NC, CC w0k 0.2 T é
E 1) 3 0L HWN‘] T 7 ]
af 3 r Mww»& A Tk yuNaer p—
10 | ] B TV,
N R N I I I I IR TP 0.2 [ - 4 —
5 10 15 20 25 30 35 40 45 - + f
NOV HERAPDF 1.0 B 0.4 2000<Q*<5000GeV: || Q*>'5000GeV* ]
ET,jet (GeV) L AR N S R ANER N AN VRN SR N R SRR RN
2009 NC, CC 20 40 20 40

EXf'5(GeV)
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Hlprelim-11-034

HERAPDF 1.6 ZEUS-prel-11-001

Fit to combined H1-ZEUS NC, CC and jet data
e 2 inclusive jet measurements from H1
e 2 inclusive jet measurements from ZEUS

Jun HERAPDF 1.7 H1 and ZEUS (prel.)
2011 NC,CC,F2c,jets 20

Mar HERAPDF 1.6 ‘;ﬁ --- HERAPDF1.5f
2011 NC, CC, jets N}'{ 15— — HERAPDF1.6

HERAPDF 1.0
Aug charm

2010 | NC, CC, F2c

With jets

Jul HERAPDF 1.5
2010 NC, CC

'APDF Structure Functlor\Working Group March 2011

B~ No jets

Nov HERAPDF 1.0 0114 0.116 0.118 0.2 0.122 0.124 0126

2009 NC,CC og(M,)

Krzysztof Nowak, DIS 2012, Bonn, Germany 13



Hlprelim-11-034

HERAPDF 1.6 ZEUS-prel-11-001

Fit to combined H1-ZEUS NC, CC and jet data
e 2 inclusive jet measurements from H1
e 2 inclusive jet measurements from ZEUS

Jun HERAPDF 1.7
2011 NC,CC,F2c,jets

No jets, a_free With jets, a_free
Mar HERAPDF 1.6 H1 and ZEUS HERA I+11 PDF Fit | Hland ZEUS HERA L+1I PDF Fit with Jets
2011 NC, CC, jetS = Q*= 10 GeV? ® ' Q*=10 GeV?

March 2011
March 2011

— HERAPDFLS5f (prel.) —— HERAPDFLG (prel.)

0.8 free a,(M,) 08 free o, (M)
HERAPDF 1.0 B cxp-uncert \ B o uncert
[ ] model uncert. xu, [ | model uncert. xu,

[ parametrization uncert.

=

[ parametrization uncert.

Aug charm 06
2010 | NC, CC, F2c

04

Jul HERAPDF 1.5
2010 NC,CC

0.2

HERAPDF Structure Function Working Group

HERAPDF Structure Function Working Group

10" 10° 102 10! 1

Nov HERAPDF 1.0
2009 NC, CC
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HERAPDF 1.7

NC,CC,F2c,jets

HERAPDF 1.6

NC, CC, jets

HERAPDF 1.0
charm

NC, CC, F2c

HERAPDF 1.5

NC, CC

HERAPDF 1.0

NC, CC

Hlprelim-11-143

HERAPDF 1.7 ZEUS-prel-11-010

Combination of all the previously mentioned developments,
important study of the data consistency
e Combined H1-ZEUS NC, CC (674 data points)

« F * combination (41 data points)

e H1 and ZEUS inclusive jet data (106 data points)
* Low enerqy data (224 data points)

e Modified RT scheme
« Charmmass m_= 1.5 GeV

« Strong coupling constant a (M ) = 0.119
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Parametrization changes

Parametrization at the starting scale Q * = 1.9 GeV:

10-parameter fit
(HERAPDF1.0, HERAPDF1.5)

(x)=A, X" (1=x)"(1+E, x*)
xdv(x)zAdvad”(l—x)Cdv
xU(x)=Apx"(1—x)"
xD(x)=Apx"(1—x)"

Additional constrains:
A, A, A, calculated by sum rules

Ag=Ap(1-f,)
B,=B;
B, :de\

14-parameter fit

/“

(HERAPDF1.6)
xg(x)=A x X% (1—x)%— A' xBlg(l—x)25
xuv(x):Aux (1 X)C (14D, x+E,
xd,(x)=A4 X (1— x)Cd
xU (x)= AUXBU(l x)°v
xD(x)=Apx(1—x)"

Additional constrains:
A, A, A, calculated by sum rules
Ag=Ap(1=f)
B,=B,
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Parametrization changes

Parametrization at the starting scale Q

14-parameter fit
(HERAPDF1.6)

X% (1—x)%— A' xB'g(l—x)25

xuv(x):Aux (1-x)“(1+D, x+ E, x)
xd,(x)=A4 X (1— x)Cd \

xU (x)= AUXBU(l x)°v
xD(x)=Apx(1—x)"

Additional constrains:
A, A, A, calculated by sum rules
Ag=Ap(1=f)
B,=B;

°=1.9 GeV*:

13-parameter fit
(HERAPDF1.7)
xg(x)=A x Bg(l x)%— A' xBlg(l—x)25
xu (x)=A, x “(1 X)C<1-|-E x)
xd,(x)=A4 de(l x)Cd
xU (x)= AUXBU(l x)°v
xD(x)=Apx(1—x)"

Additional constrains:
A, A, A, calculated by sum rules
Ag=Ap(1=f)
B,=B,
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HERAPDF 1.7  zispreiion

H1 and ZEUS HERA I+II PDF Fit with Jets HERA T+1I inclusive, jets, charm PDF Fit
v ! = % ' 2 2 =
P 2 2 S — —
Q*=10 GeV S Q*=10 GeV =
£ 2
L s =
08 —— HERAPDFL.6 (prel.) = 08 — HERAPDFL.7 (prel.) =
) B exp. uncert. ’ B exp. uncert.
del t.

|| model uncert. & L] mode uneert. &
xu, e b [ parametrization uncert. g
- parametrization uncert. . &) 3
0.6 - A\ o 0.6 en
L \ 2 L\ e HERAPDF1.6 (prel.) £
A \ 5 —
A \ g (=]
’ =
| / £ -
04 - k> L =
| xg (x0.05) ‘ // xd, E 0.4 g
) = L =
L // X ® %
</ \ | -
o2k . _ // N\ j: """"r} '''' ‘ E
| Y - < : 02- % R ﬁ
xS (x 0.05) ~~—7 4 2 E
i ) < -
o \ m <
J— = [
0,,,, T | Lol | Lol h m E

10 107 10 10! 1 ‘

X 1

v Steeper gluon
v Model uncertainty transferred partially into parametrization uncertain-
ty for u (and high-x gluon)

v All HERA data sets consistent
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2011
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2010

Jul
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HERAPDF 1.7

NC,CC,F2c,jets

HERAPDF 1.6

NC, CC, jets

HERAPDF 1.0
charm

NC, CC, F2c

HERAPDF 1.5

NC, CC

HERAPDF 1.0

NC, CC

Summary

v Continuous development and improvement of PDF fits

using solely HERA data

v We try to understand fit based on preliminary data

v Fit with inclusive DIS, charm, jet and low energy
data performed

v Interesting exercise proves consistency of all used
HERA data sets

v HERAPDF 1.5 continues to be the recommended pdf

v Software released as open HERA-fitter project, avail-
able for download (see dedicated talk tomorrow)
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