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NLO & NNLO parton densities

NLO

NNLO

H1 and ZEUS H1 and ZEUS
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= 2 2 R 2= 10 GeV?
W= 10 GeV uo= e
B —— HERAFDF2.0 NLO | 0.8 - —— HERAPDF2.0 NNLO
0.8 uncertainties: - uncertainties:
I experimental I experimental
[ ] model o X1l [ model o xu,
[ parameterisation ¥ ] parameterisation
HERAPDF2.0AG NLO 0.6 "‘.,,' ---------- HERAPDF2.0AG NNLO

HERAPDF2.0 extracted

with experimental, model and parametrization uncertainties
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Using additional HERA data

QCD fits performed using open source HEFRA
HERAFitter package www.hersafitter.org
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http://www.herafitter.org/

Aerani vonmpe Charm and JCT data fr'Om HERA

Charm production

* Charm and jet data sensitive to
gluon/a,

* At high Q2 up to 30% of charm

Jet production

« Trijets most sensitive to a.

| Additionally charm and beauty
data sensitive to M. and M,
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Estimation of charm mass parameter

H1 and ZEUS
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10¢ 10° 102

Q°=650 GeV® |

L1l 11
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Q%=200 GeV?
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* HERA
== HERAPDF1.5

H1 and ZEUS

e NLO

M = 1.47 GeV

T142 144 146 148

= NNLO

M. = 1.43 GeV

142

144 146 148

1.5 152

M, /GeV

—~ M_determined from inclusive data + charm data arxive:1211.1182

Method comes from the HERA charm combination (Eur. Phys. J. €73 (2013) 2311)
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Estimation of beauty mass parameter

H1 and ZEUS

e NLO

M, = 4.5 GeV

= NNLO

M, = 4.5 GeV

a2 a4 46

4.8 5

M, /GeV

— M, determined from inclusive data + beauty data arXive:1405.6916 and
arXive:0907.2643

Method comes from the HERA charm combination (Eur. Phys. J. €73 (2013) 2311)
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s bl Jets add information on GLUON

* 7 HERA jet samples added to global QCD fit
* ZEUS inclusive jet data hep-ex/0208037

* H1 HERATI normalised inclusive jet data
arXive:0706.3722

* H1 low-Q? data arXive:0911.5678
« ZEUS dijet data arXive:1010.6167
* H1 new multi-jet samples arXive:1211.1182

- normalised inclusive, dijet and trijet data
+ combined charm data arXive:1211.1182

- HERAPDF2.0Jets
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Hecander vo umbot H 1 mu l ti "j et p ro d uction

i Data L0 8™ oo H1 Collaboratioln

* 150<Q%<200GeV2 (=15 O 400<Q®<700 GeV? i=1) hNﬂlé%eéBBéwithfa%ql%g L DL D B
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S E .
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-~ 1L o - -
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10°F e ' .
Eo, o . R Multjet ——
10°F . L . N
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10%F & 0 ° .
&l 8 4 3 . <
1055_ s 4
s H1 . 3 5 World average - -
10 :_. L ) ) L L ) ) ?_‘_ L ) . PDG, Phys. Rev. D 86 (2012) 010001 (2014 update) | | | | | | | | | ! : | | |
710 2030 50 7 10 2030 50 7 10 20 30
o 0.11 0.115 0.12
PY [GeV] (P.),[GeV] (P.), [GeV]

o (M)
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oan o H1 mUH'i"JeT pr'OdUCTionl 098 r'unning

— H1 multijets at high Q2 ]
B H1 exp. uncertainty ]
H1 total uncertainty -
o H1 multijets at high Q2 —
» H1 multijets at low Q2
ZEUS inclusive jets inyp
ALEPH y, INNLO] (Dissertori, et al)
*» JADE 4-jet rate [NLO+NLLA]
= OPAL y,, [NNLO] y

0.15¢} + CMS Ry ]

s $NL * D® Rur ;

+~i ;

as(l-lr)

0.20 %
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H1 and ZEUS

I
NLO

Including HERA jets in QCD global fits

HERA combined charm data

® inclusive + charm + jet data, Q> = 3.5 GeV’

O inclusive + charm + jet data, Q2. = 10 GeV’ - ]

A inclusive + charm + jet data, Q, = 20 GeV’ ]
I . 1 . \.j 1 . 1 ]

0.105 0.11 0.115 0.12 0.125 0.13

T T T T T T T T T T
NLO
® inclusive data only, Q2. = 3.5 GeV*

O inclusive data only, Q.. = 10 GeV’ n

4 inclusive data only, Q2. = 20 GeV*

i

| — e il 1
0.105 0.11 0.115 0.12 0.125 0.13

I
NNLO
® inclusive data only, Q’. = 3.5 GeV’ ]
O inclusive data only, Q7. = 10 GeV’ .
A inclusive data only, Q’, = 20 GeV’

L
0.13

o, (M7)

- r 6o I oo I i = I I
0.105 0.11 0.115 0.12 0.125

* 7 H1and ZEUS jet samples
— good sensitivity to o

« Validated choice of o, = 0.118

- Inclusive data only not
sensitive to o,
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HERAPDF2.0Jets a, = 0.118

H1 and ZEUS
1 LY | L R S R ' SN LB R |
u2 =10 GeV?
' —— HERAPDF2.0Jets NLO, fixed| o,(M,) = 0.118
08 uncertainties: B}
\ I experimental
|:| model Xuy

0.6 N

04

0.2

[ ] hadronisation
[ | parameterisation i

104

* Charm and all jet data well described
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0-r, charm
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H1 and ZEUS

HERAPDF2.0Jets a, = 0.118
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HERAPDF2.0Jets a, = 0.118

H1 and ZEUS
&)
> e =
_EJ‘ 10 - .#. F‘ - I e i o Iﬁl
E | + #I I
©
, -
-3 f¢
10 ¢ =t ; .
- 150 < Q% <200 GeV? - 200 < Q% < 270 GeV? L 270 < Q7 < 400 GeV* [ 400 < Q° < 700 GeV?
| | | | 10 | 10 |
—— <pp>;/ GeV
i i
-2
10 | ; e
¢ HI1 normalised trijets
oo
¢ | == HERAPDF2.0Jets NLO
| 700 < Q* <5000 GeV®: | 5000 < Q° < 15000 GeV>
T R— —
10 10
<p>;/ GeV

* All comparisons in additional material slides
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HERAPDF2.0Jets a_ free

08
0.6
04

02

10*

H1 and ZEUS

u? =10 GeV?

—— HERAPDF2.0]Jets NLO, free as(MZ}

uncertainties:
B experimental
[] model

[] hadronisation

xg (x 0.05)

] parameterisation

Xu,

a. determined from QCD fit

N

IC

| ay(M2) = 0.1183 + 0.0009(exp)

Experimental uncertainty below 1%

+ 0.0005(model /parameterisation)

| + 0.0012(hadronisation)

0.0037
T00030(scale)

Uncertainty dominated by theory
NNLO ep jet calculations needed
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0.8

HERAPDF2.0Jets

H1 and ZEUS

u? =10 GeV”

1 HERAPDF2.0NLO

HERAPDF2.0]Jets NLO, fixed as{Mz) =0.118
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Mo et Summa ry
. ) H1 and ZEUS
* Combined HERA data set provides Tl S ANC o
. . . + | ° cpe
ultimate sample for inclusive neutral © i} Vs =318 GeV
. f A= 2 O ZEUS HERA II
and charged current cross section o | ooz | 1 w 0 ZEUS HERAT
. . . . . , O H1 HERA II
studies in wide kinematic range J

* HERAPDF2.0 extracted solely from
HERA final data

* HERA charm/beauty and jet data
supply additional information in global

xg; = 0.008

St ey o

QCD fit o “ %
* Estimation of charm/beauty mass ¢ IREEhn 6 o %
parameters ’ )

« Additional constraints on gluon/a.

- HERAPDF2.0Jets

o, measured with experimental QS(M%) = 0.1183 + 0.0009(exp)
uncertainty below 1%

+ (0.0005(model /parameterisation)

+ (0.0012(hadronisation) fggg:g(scale)
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K. Wichmann, EPS15, 24.07.15, HERAPDF2.0Jets
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Proton structure important!

Inclusive measurements from HERA are core of every parton

density extraction: HERAPDF2.0 uses exclusively 1fb' HERA data

* PDFs used in interactions with proton: LHC, Tevatron, HERA
* Precision of many measurements often limited by PDF uncertainty

* Higgs/top properties
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- H1/ZEUS Kinematics
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182
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180
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s https://www.herafitter.org ‘
. . [ H1 and ZEUS HERA I+II PDF Fit \
4 | experimental input ) * wowa
= o I mmmgm experiments: !
L e 2 HERA, Tevatron, E
ity am = LHC, fixed target :
Aespking | 35 e g
: :

ol (oihylido (G TEC 661 p il
a e o o

Processes.

NC, CC DIS, jets, diffraction,
heavy quarks (c,b,t)
Drell-Yan, W production

N
/'

Heavy quark schemes:
Jets, W, Z production:
Top production

QCD Evolution

Alternative tools
Other models
+ Different error treatme

/
theoretical calculations/tools )

\. + Tools for data combination (HERAaverager) /

MSTW, CTEQ, ABM
fastNLO, Applgrid

HERAFitter

NNLO (Hathor)
DGLAP (QCDNUM)
kt factorisation
NNPDF reweighting
Dipole model

nt models

.

PDF or uPDF or DPDF

J/

(as Mz),mc,mp, me fs, .. )

AN M

Theory predictions )

Benchmarking )

Comparison of schemes )

|20
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H1 and ZEUS

u? =10 GeV?

0s|  — mRATDRONLO | ¥ Experimental uncertainties:

uncertainties:
I experimental
[ ] model

S xXu
[ parameterisation b

- Hessian method
- Conventional Ay* =1 =>68% CL

HERAPDF2.0AG NLO

o5
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Variation Standard Value | Lower Limit | Upper Limit
0% [GeV?] 35 25 5.0
0 [GeV?] HiQ2 10.0 75 12.5
M,(NLO) [GeV] 1.47 141 1.53
X | M, (NNLO) [GeV] 1.43 1.37 1.49
L o M, [GeV] 45 425 475
¥ Parametrisation uncertainties = = x
- largest deviation 15, [GeV] 1.9 1.6 22

- Addi P
& Model uncertainties dding D and E parameters to each PDF

- all variations added in quadrature




S
1§

Alexander von Humboldt

Stiftung/ Foundation

do/dp, (pb/GeV)
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do/dp, (pb/GeV)

H1 and ZEUS
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e, [ p;/ GeV
[ ET:,.L ¢
il L : S
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do/dp, (pb/GeV)

HERAPDF2.0Jets o, = 0.118

H1 and ZEUS
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HERAPDF2.0Jets o, = 0.118

H1 and ZEUS
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Il [—— i i i
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4 150 < Q% < 200 GeV* ] 200 < Q° < 270 GeV” - 270 < Q* < 400 GeV* ] 400 < Q° < 700 GeV”
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i
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HERAPDF2.0Jets o

H1 and ZEUS
g [ [ ;
@) 1 - -
““'*H 0 F F e A 2
Dﬁ | ¢ I:.:
i o —
10~ 3 - - -
i i i "‘“_;‘*
10 s 150 < O 1‘ri__ 2 2 L 2 2 s 2 2
g < Q" <200 GeV g 200 < Q" <270 GeV g 270 < Q" < 400 GeV : 400 < Q" < 700 GeV
- : 10 40 10 40
I . 8
I——
1 : i —— Pt / GeV
10 | ] "‘“‘“‘“‘}m
= * HI1 normalised inclusive jets
| == HERAPDF2.0Jets NLO
10 2 - 2 . - 3 3
- 700 < QF < 5000 GeV - 5000 < Q° < 15000 GeV
L : ; A P : : ;
10 40 10 40
py/ GeV
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— HERAPDFZOJCTS O(S = 0.118

1 H1 and ZEUS
V10 F - - =
Z. - : e - .
S e e e Mins
D 10 : E ! u i E —t— 3
- | | | | I:+
10 ’ 3 g 3 i— l 3
- 150 < Q% < 200 GeV* - 200 < Q% <270 GeV? - 270 < Q* < 400 GeV* - 400 < Q° < 700 GeV>
| N BT | a0 10 | )
1| [ <pr>,/ GeV
10 F—— — ——
| | -
2| [ —+¢ | * HI normalised dijets
10 F 3
f e === HERAPDF2.0Jets NLO
| 700 < Q° < 5000 GeV> | 5000 < Q® < 15000 GeV>
-3 l . . . Lo . . .
10 =0 0 10 40
<pr>,/ GeV
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