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Deep-inelastic ep scattering

Neutral current scattering (NC) HERA ep collider in Hamburg
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Jet production
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Boson-gluon fusion QCD Compton

Jets in DIS measured in Breit frame

* Virtual boson collides 'head-on' with parton from proton
-> Process: ep -> 2jets

« Boson-gluon fusion dominant process in most phase
space regions

« QCD compton important for high-p; jets (high-x)

y

Exemplary event display

Breit frame

p=(E,0,0,¢p)

Jet measurement sensitive to a_and gluon density

A

q= (0~0:0: _Q)

DIS17, April 2017 Daniel Britzger — a_in NNLO




H1l Experiment at HERA

H1 multi-purpose detector
Asymmetric design

Trackers

 Silicon tracker

» Jet chambers

* Proportional chambers
Calorimeters

 Liquid Argon sampling calorimeter

« SpaCal: scintillating fiber calorimeter
Superconducting solenoid

« 1.15T magnetic field

Muon detectors
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High experimental precision H1 experiment

* Overconstrained system in NC DIS

Electron measurement: 0.5 — 1% scale uncertainty
Jet energy scale: 1%

Luminosity: 1.5 - 2.5%

Continuous upgrades with time
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Inclusive jet cross sections by H1

Inclusive jet cross sections
do/dQ2dPet
300 GeV, HERA-I & HERA-II
low-Q2 (<100 GeVz) and
high-Q2 (>150 GeV2) regions
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Dijet cross section by H1

Dijet cross sections © HERA-low-Q?  HERA-Ilow-Q2

. do/dQzd<p,>
. 300 GeV, HERA-l & HERA-I| =
. low-Q2 and high-Qz s

Dijet definitions e Manyy Bome ey
* <p;> greater than 5,7 or 8.5 GeV I pan-Yens-Yena
« P, jet greater 4, 5 or 7 GeV e g W S

040 ZZNNLO ® hadr. corr.

« Asymmetric cuts on p-iett and pqiet2 e /| R T A J
« My, cut for two data sets \\ Eur.Phys.J.C67 (2010)1 /. arXiv:1611.03421 4
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DIS jet production in NNLO

‘@m ! |
00000000
Double-real Real-virtual Double-virtual
Antema PS reduged PS
RR,S "y ~ ~ o 2 ~ N o
doynio = X({px}) d®3({px}) x [M{pm})|” d®m({pPm}) X T({Pm})
SN— ~ ~~ o S——
antenna reduced ME jet function
A bit of history

Antenna subtraction

« Cancellation of IR divergences

. 1993  NLO studies of DIS jet cross sections ~ With local subtraction terms

« Construction of (local) counter terms

 Move IR divergences across
different phase space multiplicities

« 1973 asymptotic freedom of QCD

« 2016 NNLO corrections for DIS jets
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NNLO predictions confronted with data

NNLO predictions
« NNLO PDF NNPDF3.0

e Improved description of data in

NNLO as compared to NLO
« Sizeable NNLO corrections in some :
phase space regions

3
2 1

o

-> NNLO important at lower scales

(low-Qz2, low-p+)

e Scale uncertainties significantly

reduced at higher scales

e Scale uncertainties reduced at

lower scales

J. Currie, et al.

[arXiv:1703.05977]
H1 Collab, accepted by EPJC [arxw 1611.03421]

1.8 55<Q%<8GeV’ 3

5 7 10 20 30
P;' [GeV]

.
5 7 10

20 30
P [GeV]

1
5 7 10

20 30
Jat

Pr [GeV]

1
5 7 10

20 30
Pt [GeV)

22<QP<30GeV? 3

9
ERE
kG
©

30<Q%<42GeV?

42<Q%<60GeV? 3

9

=z
o
3

*-2' 60< Q%< 80 GeV?

5 7 10 20 30
Py [GeV]

H1 Inclusive jets

+ H1 HERA-II

H1 HERA-II

Eur, Phys. J. C75 (2015) 65

& Systematic uncertainty

. NLO @ hadr. corr.
4 NNLO ® hadr. corr.

— aNNLO & hadr. corr.

5 7 10

5 7 10

5 7 10

9
21

(=]
©

20 30 40 20 30 40 20 3040
P [GeV P [GeV P [GeV
T T T
Q
ug 1-2’ 400<Q%<700GeV? | = 1.8F 700 <Q%<5000GeV? og 1-2’500&&%1500063\#2’
CEN % . 1% 1 ]

20 30 20 30 20 30
P [Gev] P [Gev) P! [Gev]
[s] Q
| 150<Q%<200GeV? | =2 '8 200<qf<270Gev | 2 B[ 270<Qi<d00GeV? ]
© S L E E

6 10

6 10

6 10

6 10

20 30 40 20 30 40 20 3040
P [GeV] P [GeV] P [GeV]
DIS17, April 2017 Daniel Britzger — a_in NNLO 8



New difficulties for dijets in NNLO

Dijet cross section

« Event counts with specified event
topology

* PQCD: IR sensitive regions present for
'‘back-to-back’ topologies at higher orders

H1 & ZEUS dijet measurements

* IR sensitive regions avoided by imposing
e cuton My,

« and/or asymmetric cuts for p-jett & p-et2

—— NLO

= NNLO +—e— H1 data

1.2

1.0

0.8
. 150 G?\ﬁ < le < 200I GeV?
0.006 0.02 0.04 0.08 0.31
G2

J. Currie, et al. [arXiv:1703.05977]

NNLO

« M,, cut not sufficient, and sometimes too 'hard'

« ->LO diagrams are excluded
-> pQCD calculation degenerates

« Asymmetric cuts are preferred

Dijet measurements with difficulties

« H1 HERA-II high-Q2: do/dQzdy,
« ZEUS HERA-I+II
« H1 HERA-I low-Qz: lowest <p;> bins
-> these 7 data points are excluded in this a.-fit

NLO —— NNLO +—»— ZEUS data
J T T T | T T

125 GeV? < Q2 < 250 GeV2

(p1)2 [GeV]

\ All H1 measurements of do/dQ*d<p_> are IR safe because of an asymmetric cut due to the binning \
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Scale dependence of NNLO cross sections

Scale dependence of NNLO cross 2

sections

« Study simultaneous multiplicative variation
of renormalisation and factorisation scale

Scale dependence

« At lower scales
 NNLO reduced scale dependence w.r.t. NLO 2
« Still relevant scale dependence in NNLO

« At higher scales
« Scale dependence reduced w.r.t. NLO

« M; dependence small

* Inclusive jets with higher scale dependence ©
than dijets at lower scales

H1 HERA-Il phase space

Inclusive jets

Dijets
H1 HERA-II phase space
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Why o_?

Strong coupling o enters in the calculation
of every process that involves the strong interaction

PDG world average (2016)
e a,(m,) =0.1181 + 0.0011

Baikov :|—|—.—| n
Davier Iro— o
. | [p)
Pich | I—|0—| A
Boito —o—FH L))

. s
SM review |—=—+—| A

L L ; | L

HPQCD (Wilson loops) |-Ipi-|
HPQCD (c-c correlators) |-b1 J
Maltmann (wilson loops) H.—| =
PACS-CS (SF scheme) —eo :,'—{
ETM (ghost-gluon vertex) IJ—H (]

BBGPSV (static potent.) f=@=={

o ~ 0 i i ABM  ——e—o =
0.9% relative uncertainty Che S 2
JR } } : an
« Relative uncertainty of the fine structure constant: il ol S5
- . 108 0 ; —
2.3 10 ® A) ALEPH (jets&shapes) I :: @ { n?,_
OPAL(jgs) : e ™
- JADEjas) | T =i
Uncertainty on a, Dissertori o) b—taf—i &
.. . JADE g3j } |
« leads to non-negligible uncertainties on many observables  owa |—.:—:—|' A
. . . | =
- Notable examples: Higgs production cross sections, Abbate ) TERIR B
branching ratios Hoangi—e—i | | 2
GFittelr I L i electroweak.
. ! [ T precision fits
Jet measurements ems' hadron
. Direct constraint on o, (011) PP 1'2;0"'“; '3
« So far no NNLO results available ' ' ' ' 0
April 2016 aS(MZ)
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a_(m,) dependence of cross sections

Jet cross sections directly sensitive to a,

Z Z /d$fk €T HF m($ ﬂRaMF) Chad

n=1 k=g,q,q
e Twoa -dependencies

of
(9045

Hard ME's )

PDFs
zk =« (#R) g )(50 MR,#F) )

At lower scales
« Predominant ag-sensitivity from hard
coefficients
* PDF's show positive dependence
-> Increased sensitivity

At higher scales
* negative sensitivity from PDF's
-> Reduced sensitivity

0.118)

z)=

o/ G(a(m

Inclusive jets
H1 HERA-II phase space

Dijets

H1 HERA-II phase space
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Fit methodology

a, from x,-minimisation
« a,(m,) is a free parameter to NNLO theory prediction o;
» X2 calculated as:

2 gz' -1 gj
——Elo—VeX+Va+V - log —
X " g Z( p had PDF); g .

J

Perform fits to
« All 9 individual data sets
All 5 inclusive jet data sets (137 data points)
All 4 dijet data sets (103 data points)
All H1 jet data taken together (denoted as 'H1 jets')

(exclude HERA-I dijet data as correlations to inclusive jets are not known)
Data points at a similar scale p

Data points above a certain scale value

Additional cuts
e remove data below py < 2m,, to avoid effects from heavy quark masses
« drop HERA-I, low-Qz2 dijets with <p;> < 7 GeV, because of IR issue
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a_dependencies separately fitted

Fits to

 Inclusive jet or dijet data
» Separate fits to low-uy and high-u data points
 Fits including PDF uncertainties in x2 or not

Fits with two free a, parameters

0; = f(al(mz)) ® 64 (mz)) - Chad

Results

* Most sensitivity arises from matrix elements

Best-fit a,-values in
consistent

Significant anti-correlation at lower scales
-> |[ncreased sensitivity if both a,-values identified

to be identical

PDF uncertainties do not yield significant shift
-> PDF uncertainties with small correlation to

PDF
aS

's and ME's are

(m.) from fit

f
S

(8

z

af (m_) from fit

0.13

012/

011F

0.13

0.12

011k

H1 inclusive jets

H1 dijets

——————
- < 15GeV —+

68% C.L. 1
-

| Fits using in 2

— exp. uncertainty only
- - exp., had. & PDF unc.
- PR R T T T S

—
- u>15GeV T

I H‘Il et al. (preliminary)

—
n>15GeV

0.11 0.12 0.13
oc§(mz) from fit

0.11 0.12
ag‘(mz) from fit
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Scale choice for o fit

Functional form for scales (l,,l;) _ Atinclusive jets _ Aidiets
o i ; 0 [ Scale choice o-fit NNLO ]
Study various scales built from Qzand p; g 0.14 o LD
* Py Pyt Or <p;> T | Scale uncertainty
S 0.13F o NLO I N
o, results and x2 values g : Jf P o ° ©
« Q2 disvafored (as expected) = 0f2p = © To 0 b 6 o o
» Spread of results covered by scale E . ® o o o] .
uncertainty (variation by 0.5 & 2) N
« X2 values are consistent for different choices T ng=18 1, ng=102]
Use of only NLO matrix elements 20k d ]
» Large scale uncertainty < :
- increased dependence of result on scale ~ « 1S F e © ]
choice SR o | ) o
: 1.0F ® & @ o ° o ]
* Mainly larger x2 values than NNLO ' HA1 ° o o o ¢
« Larger fluctuation of x2 values than NNLO oo cehrelmnay | ., L .,
< L L
/ _ \ ol g oo Y FSMF 3
NNLO with reduced scale dependence | , c ol B U
\ / Scale choice (u;/F) Scale choice (uQR/F)
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Scale dependence of a_ fit

H1 inclusive jets H1 dijets
Scale dependence of a, fit g VIO S IO
e 0O, results as a function of scale T —no=n
o | == w_variation 1
factors = 0.12| wwu variation ot
« Smooth results for all studied scale £
variations =
+ p, variation with more impact than ;£ o.11]
= _
x2 values =102 ]
« just a technical parameter 1ol
-> not intended to be a parabolas - -
» X2 values increase for large scale < [
factors =L
-> large scale factors disvafored i
-> A-priori chosen scale appears to  HA etal, refminary)
be reasonable 08—

0.5 1 2 4

Ko / VOZ+P$
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Dependence on the PDF

PDF is external input to cross section H1 inclusive jets H1 dijets

calculation PDF selection Otsl-fi’[ NNLO | | |
¢ o NNLO total unc. T+

- == NNPDF3.0

T -- ABMP

| ---CT14

HERA2.0

o

-y

w
|

Choice of PDF set
« Different fitting groups:
different input data sets, PDF
parameterisations, model parameters, fit
methodology, etc...
 PDF appear to be quite consistent

z

0.11 1 -

o, (m_) from fit to H1 jets
o
X
I
=
=
L
I . T
] %
|
|
\ ;
|

Choice of a, as input to PDF : Nior= 136 |
« a,(m,) important input parameter to PDF fit 12F + 4
» Relevant correlation with fitted results N i T 7
-> much larger than previous reported & ‘ :
- Differences of PDF sets due to choice of N |
input data to PDF fit

X

1.0 st + -

Additional PDF uncertainties considered " H1 et al. (preliminary) t g
'PDFset:  1/2*max(A(all PDFs)) 08— 012 013 041 012 013
PDFa.": 1/2 (Aa=0.004) a, (m ) of PDF as () of PDF
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Strong coupling in NNLO from jets

Full error breakdown
« Experimental uncertainties
e Scale uncertainties (factors: 0.5, 2)
e various PDF uncertainties
* hadronisation uncertainties

a, results from individual data sets
« High experimental precision
« Scale uncertainty is largest (theory) error
o All fits with good 2
-> consistency of data

H1 jets (203 data points)

ag(Mz) = 0.1157 (6)exp (3)naa (6)ppF (12)pDFa, (2)PDEset (721 )scale

.

* High exp. precision 2
 Scale uncertainty dominates X~ /ndot = 1.03
 PDF uncertainties sizeable

H1 et al. (preliminary)

H1 inclusive jets [al NNLO]
300 GeV high-Q?

HERA-I low-Q?

HERA-I high-Q°

HERA-II low-Q°

HERA-II high-Q?

H1 dijets [al NNLO]
300 GeV high-Q?
HERA-l low-Q?
HERA-I low-Q?
HERA-II high-Q?

H1 inclusive jets [NNLO]
H1 dijets [NNLO]

H1 jets [NNLO)

World average [2016]

0.11 0.115 0.12 0.125
o (M)
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Running from inclusive jets and dijets

Test running of strong coupling

» Repeat fits to groups of data points at

similar scales % 0.22
« All fits with good X2 S 0.20
« Study assumes running to be valid only

within limited range covered by an interval 0.18

0.16

Results 014
« Theory uncertainty often larger than '

experimental uncertainty 0.12

« Consistency of inclusive jets and dijets 0.10

« Consistency also down to lower scales 0.13F
(while otherwise data with p<2my; is excluded) ~

. Scale uncertainty almost 'constant' atall £ 012

scales g 011

0.10

-> NNLO with small scale uncertainty (also) at

lower scales

i Confirmation of 'running’ between 7-90 GeV

T T I T T T T T T T T ‘
B World average 2016

® H1 jets [NNLO]

H1 inclusive jets [NNLO)

—

H1 dijets (nnLoyp

’?;\

H1 et al. (prel|m|nary

j)

i

¥ f-wv-”- L

~

10 20 30 100 200

g [GeV]
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Strong coupling in NNLO from jets @

_ E 0.22F " = World average 2016 —

Comparison to other measurements 0 o H1 jets LO) ]

« Restrict selection to NNLO precision or 0.20 + JADE 3-jet rate (NNLO-NLLASK]

higher . + ALEPH y_ (Dissertori, et al) [NNLO]

0.18 B = OPAL Y 5 INNLO] ]

. - + CMS tt (nnLoj 2

H1 jets 0.16 GFitter EW fit Loy —~

» Consistency with other extractions and N ]

with other processes 0.14 - ]

* Relevant results at lower scales 0120 b

* Only NNLO study of running from L %\

hadron-collider to date 0.10 }H1 et al. (preliminary) + | -

_ 013 __: —— t f f —t+——+ f __

[ : : ) 0.12 = |

Result in agreement with world *-é;, 011 ¢ B

average and other measurements = 0'10 - ‘L :

~with tendency to be a bit lower A A A .
i 7 10 20 30 100 200

u [GeV]
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Related contributions at (this) conference

K. Rabbertz
« 0, studies of inclusive jet data from different experiments using NLO m
-> Study of inclusive jets from H1, ZEUS, STAR, CDF, DO, ATLAS & CMS I

-> Details about fastNLO & APPLgrid use for this study

R. Zlebéik
* NNLO predictions for dijets in diffractive DIS
-> Same final state and kinematic range as non-diff. DIS

C. Gewnlan
* New developments and common interface of fastNLO & APPLgrid to NNLOJET m
-> but NNLO matrix elements convoluted with DPDFs

<% °E "°IP/
\a 0,

J. Niehues @ Moriond 3
* ep -> 2jet cross sections in NNLO using antenna function formalism

DB
* Measurements of inclusive jet, dijet and trijet cross sections in DIS (H1)
-> Data used in present o, extraction

DIS17, April 2017 Daniel Britzger — a_in NNLO 21



Conclusion

Strong coupling constant determined from H1 jet cross sections using NNLO
predictions

NNLO phenomenology evolved rather quickly
« 2 weeks ago NNLO calculations subm. to arXiv
» Today all H1 ep->2jet measurements studied in a quantitative way

Hlprelim-17-031
» Avallable at:
https.//www-h1.desy.de/publications/HI1preliminary.short _list.html
 Fruitful collaboration of theoreticians and experimentalists

Probe running of a, over one order of magnitude with H1 jet data

» Very high experimental precision
« Competitive theory precision

Gl 0-1157(6) b (o mlies

Finally we arrived: precision QCD phenomenology in NNLO accuracy



NNLO cross sections

Ratio of data to NNLO predictions
e Using: a,(m;,) =0.1157

 Blue band: NNLO scale uncertianties

» Excluded data points (open symbols)
* M<2m,
 HERA-I low-Q2 dijets: 5 < <pT>< 7 GeV
-> pecause of symmetric cuts
-> [ssues with NNLO

Conclusions
» Overall good agreement of NNLO
predictions to H1 data
» Consistency of data
« All phase space regions in agreement
with NNLO
-> also confirmed by dedicated x2 studies

o/ o (NNLQ)

o/ o (NNLO)
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* + » " + * + + + + o Excluded data

—_

i HERA-II lgw-Q° ]
? ¢¢0°.i...‘000...0.!00.0.‘¢"*¢¢+¢*+*++F }+
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Study of scale uncertainty

Scale uncertainties at various scales H1 inclusive jets H1 dijets
« Atlow-u: large scale uncertainties... N -
« ... but also high sensitivity to a,(m,)

—— ; —
[l Experimental uncertainty

2 1.9 218 = 1.8F 400<Q%<700GeV?

BRSMSCRR

SR

Sotg (M) (exp) [%]

4 |-[]Scale uncertainty

1 i PRI n " ' 'o\_o‘ 1 i
5 70 20Pje??GeV] > 710 20Pje?([)GeV] 6 10 QOPJS (E(:;)V] % | [ Full theory uncertainty

T T T o

e

Fits Imposing a cut on §cale Mg g
« Repeat q, fits: successively cut awad data below y,,, 2

\E/N

ReSUItS ‘g L H1 (Iat al. (prelilminarly) .

« Theory (scale) uncertainty almost constant over y.,,

» Cross sections suggest large uncertainty at low-p...
« ... but NNLO at low-p are equally precise to q,

7 10 20 30 40 7 10 20 30 40

cut cut

MH/F }'LR/F

CCut on u can balance between exp. and theoretical uncertainties at constant total precision )
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Selection of data sets

Kinematic range of H1 jet data

Data set NG int. £ DIS kinematic Inclusive jets Dijets
[Ref.] [GeV]  [pb™!] range Njets = 2
300GeV 300 33 150 < Q% < 5000GeV? 7 < PF' < 50GeV Py > 7GeV
[1] 02<y<0.6 8.5 < (Pr) < 35GeV
HERA-I 319 435 5 < Q% < 100 GeV? 5< P <80GeV 5 < P < 50GeV
2] 02<y<0.7 5 < (Pr) <80GeV
((Pr) > 7GeV)*
mio > 18 GeV
HERA-I 319 654 150 < Q% < 15000GeV? 5 < PI* < 50 GeV -
3] 02<y<0.7
HERA-TT 319 290 5.5 < Q? <80GeV?: 4.5 < PI* < 50GeV PF* > 4GeV
4] 0.2<y<0.6 5 < (Pr) < 50GeV
HERA-TT 319 351 150 < Q% < 15000GeV? 5 < PF' <50GeV 5 < PI' < 50GeV
(5, 4] 02<y<0.7 7 < (Pr) < 50GeV

miz > 16 GeV
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Fit methodology

a, from x,-minimisation
e a,(m,) is a free parameter to NNLO theory prediction o;
« X2 calculated as:

Z 10g Vexp + Vhad + VeDF);; o 10%

0j

Cross sections in DIS

Z Z /dﬂffk: X MF (17 HH;#F) Chad

n=1 k=gq,q,q

QCD incorporates two a,(m,) dependencies
 PDFs & hard coefficients

| Ve | e \

Hard ME's
PDFs (')f

8as zk; = (/J’R)

( )(ZU HR, MF)/
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Mlgratlon Matrix Correlation Matrix

Hadron level

| - TommEmmmmm A I table 32 table 33 table 30
16
& PPyl O . £ 3]
m
*a‘g'
Reconstructed 8. = 7r
Trijet events which Trijet = a4f
are not generated o <P 1}
as Trijet event TrijetTcJts o1l table 31 'T table 29 table 33
- n
—_ =17
@ | Reconstructed Dii m "
> | Dijet events which ljet 813 -
D |are not generated 02 <Pr>pd 5 ol
5 as Dijet event Dijet-cuts -'.
— 5t -~
o 1}
Reconstructed | 5
6 jo Rt match InCI Jet c% 1l table 28 table 31 table 32
() | to generator level 2 po "
Py, 217} -
_g13- ..l
7]
5 9
NGDIS g4 o
0y e e
1 5 9131721 1 5 9 1317 21 1 4 7 101316
Inclusive Jet Bin Dijet Bin Trijet Bin

0.8
g
06 3
04 &
Q
[
102 2
®©
[
(& ]
0.2
-0.4
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Olg (mz) from fit to H1 jets

input to PDF extraction

SIS

[ it s

5 )(517; HR:}UF) * Chad

Olg (mz) of PDF

n=1k=g.,q,9
s N (O N
of Pef Hard ME's
PDFs =
Oos o1 = al(ur)ay (x, pur, por)
\ 2R\ /
low-Q? & high-Q?, H1 jets HERA-II, high-Q?
L R LS o -
L i _fi _ + 0.13| Fits with MSTW2008 o sets
0.13 7 PPFaseI\IIe[\cl:EgntiTufr:iNNLO 3 [ Olgphisivejet H1
S . - je
. — NNPDF3.0 19 Trijet
- ... ABMP 4 e - aMultijet
L CT14 | 12] | vNormalised multijet
0 121 HERA2.0 B = Fits using PDF with a,,=0.118
T MMHTI/V:'-"‘"" - g 0.12
I =
011 ; R - 7
H1 ‘et‘al.l(pre‘lin?ingry)‘ ] o
0.11  0.115 0.1 2 0.125 0.13
0.11 0.12 0.13 o, (M.) used in PDF fit

z

z

output: extracted value of o (M)

0.13

0.125

o
-
N

0.115

0.11

300 GeV, high-Q?

o (M) from inclusive jet cross section

S
H 1 versus input o (M) used in
global fit of parton densities

A AI?%?%*A A

O MRST99 series

- @ CTEQ5M1 ¥r Botje99
| m CTEQ 4series, 5HJ O MRSR1-4

| A CTEQ Gluon Uncert. Study A MRS Ap series
L L ‘ L L L L ‘ L L L L ‘ L L L L | L L L L ‘ L L L L ‘ L

0.106 0.11 0.115 0.12 0.125 0.13

input: o (M) used in global fit of parton densities
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NNLO for DIS jet production

Recent theoretical advancement: NNLO for DIS jet
cross sections

A bit of history:
« 1973: asymptotic freedom of QCD

« 1993: NLO studies of DIS jet cross sections
« 2016: NNLO corrections for DIS jet

NNLO predictions for jets in DIS are challenging
 Single-particle inclusive observables
» Two colored particles in final state
* Individual contributions are divergent themselves
-> Divergent parts of calculations have been revealed
-> Analytic cancellation of soft/collinear divergences (real
corrections) with g-poles (virtual correction)
« Antennae function formalism

Results of NNLO calculations

* Reduction of theoretical uncertainty at higher scales

» Theoretical uncertainty becomes similar to data
uncertainty

do /d{p7)2 dQ? Ratio to NLO

1.5
1.4

13

1.2
1.1
1.0
0.9

0.8 |-

0.7

I T |

2+0 gg;gga
H1 dijet cross sections

| 150 GeV2 < Q2 < 200 GeV2
NNPDF3.0 p?:QZ “?z(Q2+(pT)22)/2

NLO —— NNLO —— H1data —e—i |
| |

7 11 18 30
(pr)2 [GeV]

50
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