Measurement of Jet Cross Sections
In Deep-inelastic Scattering at HERA
and Extraction of a_at NNLO

Daniel Britzger

for the H1 Collaboration together with
V. Bertone, J. Currie, C. Gwenlan, T. Gehrmann, A. Huss, J. Niehues, M. Sutton

EPS Conference on High Energy Physics 2017
Venice, Italy
07.07.2017




Deep-inelastic ep scattering

Neutral current scattering (NC) HERA ep collider in Hamburg
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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
e Superconducting magnet: 1.15T
* Muon detectors

Excellent experimental precision
« QOverconstrained system in NC DIS
« Electron measurement: 0.5 — 1% scale uncertainty
« Jet energy scale: 1%
e Luminosity: 2.5%
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Jet production in ep scattering

Jet measurements are performed in Breit reference frame

* Virtual boson collides ‘head-on' with parton from proton Breit frame

q=(0,0,0,—Q)

Jet measurements directly sensitive ok L
» to a, already at leading-order = i
* to gluon content of proton
« Trijet measurement at O(a.?) in leading-order ¥
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DIS jet production in NNLO

00000000
Double-real Real-virtual Double-virtual
Ante&rla PS redch:tEd PS
o B i x ~ e ~ —~
dognio = X({px}) d®s({px}) x |M{Pm})|? dPm({pm}) x T ({Pm})
antenna reduc:d ME jet function

A bit of history Antenna subtraction
* 1973 asymptotic freedom of QCD « Cancellation of IR divergences
with local subtraction terms
« Construction of (local) counter terms
« 2016 NNLO corrections for DIS jets « Move IR divergences across different
phase space multiplicities

« 1993 NLO studies of DIS jet cross sections
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Measurement of Jet Production Cross Sections In
Deep-inelastic ep Scattering at HERA

H1 Collaboration
Eur.Phys.J. C77 (2017) 4, 215
[arxiv:1611.03421]
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Analysis strategy and kinematic range

5.5 < Q2 < 80 GeV?
4.5 < P_i¢'< 50 GeV

Simultaneous measurement
* Inclusive jet, dijet trijet and NC DIS cross sections

e Kkrjetswith R=1,-1<na<25

Typical evéht display

Regularised unfolding optimised for
accurate descripton of relevant 'migrations’

« 'extended phase space'
» Account for statistical correlations
 Matrix: 3381 x 12800 elements

Detector level

Migration Matrix

Reconstructed
Trijet events which
are not generated
as Trijet event

Trijet
@, <pr>3.
Trijet-cuts

Reconstructed
Dijet events which
are not generated
as Dijet event

Dijet
Q2 <pr>p),
Dijet-cuts

Reconstructed
jets without match
to generator level

Incl. Jet
riad? v

NC DIS
Oy

Hadron level

H1, EPJ C75 (2015) 2
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Dijet cross sections

Dijet cross sections
« as a function of Q2 and <p;>,

o <P.>, = (Pqietl + Pe2)/2
with: Piet > 4 GeV

o/ Oy
6/ oy,

« Ratio to NLO predictions shown o M0 RLEE T S e
6 10 20 30 40 6 10 20 30 40
(PT)2 [GeV] ( PT>2 [GeV] (PT)2 [GeV]

30<Q%<42GeV?

NLO (nlojet++, NNPDF30_nlo)
* reasonable description
 large scale uncertainties

ol Suio

approximate NNLO (etvio, NNPDF30_nnlo) o5,

« improved shape description SR R - ARG R
E 2 2 60<Q<B0GeV: H1 Dijets
NNLO (NNLOJET, NNPDF30_nnio) = By $ H1HERAI
* good description data \ Systematic uncertainty
* NNLO predictions with reduced scale _ il B NLO ® hadr. corr.
uncertainties than NLO 0 - TR 08| L ealNLO® Radh oo
6 10 20 3040 € 10 20 3040 %NNLO ® hadr. corr.
(P;), [GeV] (P, IGev] 7
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Inclusive jet cross sections

Inclusive jet cross sections o
e low Q2. 4.5 <P; <50 GeV (new!)
e high Q2 5<P;<7 GeV (new!)
e high Q2. 7 < P; <50 GeV &pric75 (2015) 2, 65)

" 16<QP<22GeV?

BES/
Y,

57 10 20 30 5 7 10 20 30 5 7 10 20 30
PY' [GeV) Pt [GeV] P}’ [GeV] P}’ [GeV]
[+]

18F  30<QP<42GeV? 60<Q?<80GeV?
A

m’a"_o
o

* NLO with reasonable description
within (scale) uncertainties
« aNNLO with somewhat improved

h 5 7 10 20 30 5 7 10 20_30 5 7 10 20 30 5 7 10 20 30
snhape P [GeV] P¥ (GeV] P¥ (GeV] P [GeV)

18F  270<Q%<400GeV?

H1 Inclusive jets Eg 1:2: 150 < QP< 200 GeV? 3 *Eg ‘;2: 200 < Q%< 270 GeV?

NNLO pre dictions $ H1HERAI : _ s

H1 HERA-II

o/,

« NNLO provides improved shape and e it Y
normalisation description it B e B O
- NNLO with reduced scale uncertainties g,,....... 1 waomer |4 1w e
Ynoonnon. 10 °
Also normalised (inclusive) jet cross s s NLO A, 0T

sections measured -> see backup

& 10 20 3040 6 10 20 3040 6 10 20 3040
P [Gev] P [Gev] P [GeV]
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Trijet cross sections

Trijet cross sections

8<Q’<11GeV?

« Leading order O(0.?)
 No NNLO predictions available yet

NNKK

cf S0

11< Q%< 16 GeV?

6 810 20 30 40 6 810 20 3040 6 810 20 30 40
Example for LO <PT>3 [GeV] <PT)3 [GeV] <PT>3 [GeV]
matrix element E 16<Q<22GeV? | 2 22<Q<30GeV? 1 2 30<Q?<42GeV?
© ° 1 ©

./

« Data well described by NLO (niojet++)

20 30 40
(Pr), [GeV]

6 810

20 30 40
(Pr), [GeV]

6 8 10

« Data typically with smaller uncertainties
than NLO theory

b% r 42 <Q?<60GeV? og 60 < Q°< 80 GeV?
T 16 5
. . . 1:
« Similar trend as dijets ] -\
* low scales: NLO undershoots data o '
e high <P>: NLO overshoots data o4

6 8 10 20 30 40 6 810

(Pp), [GeV]

20 30 40
(Pr); [GeV]

 Normalised trijets also measured

6 8 10 20 30 40

(Pr), [GeV]
H1 Trijets
¢ H1 HERA-II

\ Systematic uncertainty
I NLO ® hadr. corr.
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Determination of a_(m,)

In next-to-next-to-leading order QCD
using H1 jet cross section measurements

Hlprelim-17-031
H1 Collaboration together with
V. Bertone, J. Currie, C. Gwenlan, T. Gehrmann, A. Huss, J. Niehues, M. Sutton
[available at https.//www-h1.desy.de/publications/H1preliminary.short _list.html]
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Why o_?

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

Baikov =|_|_._| 'T'
Davier =|_|.._| %
Pich | l_lH A
Boito —e— Q
i + I e
SM review — )
b 4 | |
HPQCD (wilson loops) |-H-|
HPQCD (c-c correlators) '.b.' {5
Maltmann (wiison loops)  j-j@— Q
PACS-CS (5F scheme) : f—a— 'r-—.:-"
ETM (ghost-gluon vertex) :}J—.—{ (D

BBGPSV (static potent) ]—.—h |

PDG world average (2016) I
_ ABM l—o—r| : =il
e a,(m,) =0.1181 + 0.0011 s ! S 2
. . 1 N
« ~0.9% relative uncertainty St ] ].H-i* ' = 2
MMHT 1|—o—r| > o
Uncertainty on a, ALEPH (etstshapes) i: o |
.. OPALjas) e D
* Important for precision phenomenology JADE(e) } o =
; . . Dissertori (3j) I—|.-|—| ot
* Notable examples: Higgs production cross sections, JAOEG) i | oo
. . DWm et ol
branching ratios Abbate | Hest I =
Gehrm. ! ©
Hoang j—e—| | 8
Jet measurements e R b
: : .
- Direct constraint on o L] | — | prcisonft
: CMS : adron
« So far no NNLO results available (tcrogssecton) ) —LJ | _collider_,
011 0115 0.12 0125 0.18
| 2
April 2016 aS(MZ)
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Inclusive jet and dijet cross sections at H1

Inclusive jet cross sections
 Measurements at
HERA-I & HERA-II
* low-Q2 and high-Q2
« Differerent Vs
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Dijet cross sections
« as a function of Q2 and <p;>,
 HERA-I & HERA-II
* low-Q2 and high-Qz2
« Different Vs
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All H1 inclusive jet and dijet data is employed for a_ determination in NNLO \
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a_(m,) dependence of cross sections

Jet cross sections directly sensitive to a,

3D

n=1 k=g,9.9
« Two a,-dependencies

" N O N

of Pof | Hard ME's
pDFs o1 = 221
\U in = ay(1r)o;

.

/dmf,g T, pp)o Z(k)(ﬁf [LRs [LF) * Chad

(@, s i)
4

(Vg

At lower scales
« Predominant a.-sensitivity from hard

coefficients
* PDF's provide increased sensitivity

0.118)

z)=

G/ o(og(m

At higher scales
» opposite dependence for hard coefficents
and PDFs

Inclusive jets

Dijets
H1 HERA-Il phase space

H1 HERA-Il phase space

16 < Q% < 22 GeV?
TcPTq11 GeV

+ 16 < Q% < 22 GeV? -

L o BN S N S T e e [

7<(P;) <11 GeV

::::|::}:::::::
400 < Q2 < 700 GeV?
30<PT450GeV

+  400<Q*<700Gev? A

_ __..\,farg,ronlyotf (m,) _

_'l“
L G

30 < (P;) <50 GeV
a(m)_a'(m) .
~vary only o ( z}

NNLO N

I (PDF) NNFl’DFS.O_nnIo_as_mlm
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Scale dependence of a_ fit

H1 inclusive jets H1 dijets

e O, results as a function of scale
factors to nominal scale

ph = iy = Q° + Pf

Scale variation o -fit NNLO &
¢ o NNLO total unc. | |
iy
el variation
el variation

&=

—

w
I

s
"""""
e,
fay
(T
(o
Tany

Zz

« M, variation with more impact than

o, (m_) from fit to H1 jets
o
N
I

0.t o i i

e X2 values as a technical parameter

. - ndof=l1ol2 :
-> not intended to be a parabolas - -
25 T
* X2 values increase for large scale & :
factors = L !
-> |large scale factors disvafored [
-> A-priori chosen scale appears to o,
0.8 L O e | h PRI ] . fo ey
be reasonable 05 2 4 05 | 2 4

2 p2 2 2
e / VO +P7 HR!F/ VQ +(Py)
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Scale choice for o fit

« Study various definition for

H1 inclusive jets

H1 dijets

I I I I I
" Scale choice a-fit NNLO

H %]
scales (M, ,M;) built from Q2 and p; O i .
p;denotes: pet or <p;> T | Scale uncertainty
e 0.13 L it NLG) g _
o, results and xz values ‘g E % e &
* Spread of results covered by scale = Sk B BEL ; S e
uncertainty (variation by 0.5 & 2) E Rers Sl
* X2 values are all reasonable for different = =7 .+
choices o5 _ ' ire ' nd;f=13r|5 _Z_c; SH nd;,=10I2 ]
[ O
NLO VS. NNLO x 20r s =
« Reduced scale uncertainty in NNLO < : : 5
« NNLO with reduced scale-dependence of & '°[, | Te o i
L O
o, and S values 1of e & % el AU
« NLO with larger x2 values - H etal. retimnaryy T
T e T T R T
( : \ G Bl B ok S i e
NNLO with reduced scale dependence : 5 2 e de
\ / Scale choice (uﬁw) Scale choice (“:;;F)
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Strong coupling in NNLO from H1 jets

Uncertainty breakdown includes

« Experimental and hadronisation uncertainty
e Scale uncertainties (factors: 0.5, 2)

H1 et al. (preliminary)

H1 inclusive jets [all NNLO]

[I|IIII|IIII|IIII|IIII

) T 300 GeV high-Q? ———
 (various) PDF uncertainties HERA-I low-Q? o
HERA-I high-Q? —+—e—g
. e s HERA-II low-Q? —+Ha-
(o res.ults from individual Flgta sets HERALI! high-G2 B
« High experimental precision
e All fits with good Xz H1 dijets [allNNL(EJ]
. 300 GeV high-Q ®
->
consistency of data i e
) HERA-II low-Q? S
'H1 jets’ HERA-II high-Q? ot
* Inclusive jet and dijet data taken together g
. . inclusive jets [NNLO] W
203 data points it alleta pnios -
as(Mz) = 0.1157 (6)exp (3)nad (6)pDF (12)PDFaq (2)PDEset (731 )scale —vor—

-

H1 jets (NNLO]

i

» High exp. precision
» Scale uncertainty dominates
« PDF uncertainties sizeable

XQ/'T?,de =1.03

World average [2016]

EI|IIII|IIII|IIII|IIII

0.11 0.115 0.12 0.125
o (M)
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Test running of strong coupling in NNLO

Repeat fits to groups of data points

Theory uncertainty often larger than
experimental uncertainty

=

=
w

3

Confirmation of 'running' between 7-90 GeV

Consistency with other extractions
and with other processes

Scale uncertainty is largest uncertainty

for most intervals

NNLO with small scale uncertainty
(also) at lower scales

0.22
0.20
0.18
0.16
0.14
0.12

0.10
0.13

0.12
0.11
0.10

H1 et al. (preliminary) *
FrEM RS | } ' f—rt

T T T T T T L I
B World average 2016
® H1 jets (NNLO]

llllil

#* JADE 3-jet rate [NNLO+NLLA+K] |
+ ALEPH Y, (Dissertori, et al) [NNLO] d
o OPAL_y23 [NNLO]

#+ CMS tt (NNLO)
GFitter EW fit (N°Lo)

Illllllllllllll

T

I|III|I|III|III|III|III|1III

IIllJ[III

l
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200
b [GeV]
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Summary

New measurement of jet cross sections in NC DIS [crsc77 (2017) 4, 215]
 Inclusive jet, dijet and trijet cross sections |
» Normalised jet cross sections with reduced experimental uncertainty &
« Data well described by (new) NNLO predictions
 NNLO corrections are important at lower scales

Strong coupling constant determined in NNLO [Hiprelim-17-031]
» Explore all H1 inclusive jet and dijet cross section measurements (1995 — 2007)

as(mz) = 0.1157(6) exp (156 ) theo

» High experimental precision & competitive theoretical precision &
« Probe running of a, over one order of magnitude with H1 jet data

» https://www-h1.desy.de/publications/H1preliminary.short_list.htm/
Preprint ready in 5-7 weeks

Precision QCD phenomenology with jets in NNLO accuracy
 Fruitful collaboration of theoreticians and experimentalists
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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 Si | Sj
= log — (Vexp + Vhaa + V3 - log —
X E@ j ) 0@'( p had PDF)gJ ) =]

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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Selection of data sets

Kinematic range of H1 jet data

Data set NG imt. L DIS kinematic Inclusive jets Dijets
[Ref]  [GeV] [pb™"] range Njets > 2
300GeV 300 33 150 = 02 < 5000GEN2 ~ T<= P’ < 50GeV PX* > 7GeV
1] 029 = (6 8.5 < (Pr) < 35GeV
FERAL 319 435 5 < Q% < 100 GeV? 5< P <80GeV  5< P <50GeV
2] 02<y=< 07 5 < (Pr) < 80GeV
((Pr) > 7GeV)*
mio > 18 GeV
HERA-I 319 654 150 < Q? < 15000GeV? 5 < PI* < 50GeV =
3] 02 <= 01
HERA-II 319 290 55 < Q2 <80GeV2: 4.5 < PI* < 50GeV Pt > 4GeV
(4] U2< <06 5 < (Pr) < 50GeV
HERA-II 319 351 150<Q?<15000QeV: 5< Pt <50GeV 5< P <B50GeV
5, 4] 0.2 << = 0.7 7 < (Pr) < 50GeV

mio > 16 GeV
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Inclusive jet cross sections by H1

Inclusive jet cross sections
. do/dQzdPiet
« 300 GeV, HERA-I & HERA-II
* low-Q2 (<100 GeVz) and
high-Q2 (>150 GeV2) regions

Consistency
 kt-algorithm, R=1
e -1.0<n<25
« P;ranges from 4.5 to 50 GeV

300 GeV high-Qz\\

150< 0" < 200GV 0007 <0GV 300<0F <600 GeV 600 < OF < 5000 GaV’
g : NLO @ (148,)
2 15 | { _l_ . cTECSW
3 SO i ) T Y e L mwiam
wi ' — — r—
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1.5
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Dijet cross section by H1

Dijet cross sections a HERA-| low-Q* D / HERA-Il low-Q* D

« do/dQ2d<p;> N -
« 300 GeV, HERA-I & HERA-I| Ep
« low-Qz and high-Q2 M e
Dijet definitions il
« <p;> greater than 5,7 or 8.5 GeV il - ]
- P jetgreater 4, 5or7 GeV e “‘"'
« Asymmetric cuts on p;iett and piet2 B - i | B e |
« M,, cut for two data sets \\ Eur.Phys.J.C67 (2010)1 a \\7arXiv:1611.0342l 7 /
Earlier studies / 300 GeV high-Q? \ HERA-I high-Q? / HERA-I] hlgh Q2 \
e All inclusive jet and < — Dijet cross sections not =
i 3 e statistically independent :
d”et data have been : | ——LT—L oGVt from HERA-II analysis £ 1
employed for a, 8 I L Eur.Phys.J.C65 (2010) 363 i
extractions in NLO i ¢
. k. nu?='=|=g‘w== g | )
previously = i e e
e " dleteain v
> Data and uncertainties ‘ i < [T il
| well-understood | Bl / \ IR CY /
\'i NNLO theory is new Y \\WEur.Phys.J.Clg (2001) 2897/ / \ | EurPhys.J.C75(2015)2 /
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Scale dependence of NNLO cross sections

Inclusive jets Dijets
H1 HERA-Il phase space = H1 HERA-II phase space
Scale dependence of NNLO cross BRI qgacPassee TR BecPzzeaep
SeCtionS :'g- [ \‘ 7<P.<11GeV T 7<{P;)<11GeV
 Study simultaneous multiplicative variation = 157 iE 5
of renormalisation and factorisation scale § '
& il s :
Scale dependence ©
* At lower scales DO i iy LT T i,
« NNLO reduced scale dependence W.r.t.  2[  40<q?<700Gev® T  400<Q?<700GeV?
N LO nﬁ; [ 30 < PT <50 GeV T 30 < (P;) <50 GeV
« Still relevant scale dependence in NNLO E 15} . ___Fgéo .
e At hlgher scales ; [ - u_variation 052) ]
 Scale dependence reduced w.r.t. NLO 2 ¢} e — -
e Y, dependence small E ; I ‘"*
* Inclusive jets with higher scale dependence o5} e
than dijets at lower scales TR R N TR
2x10 1 2 34 2540 1 2 34
n./ Q%+P2 uwF/VQ2+< P, )?
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a_dependencies separately fitted

Fits with two free a, parameters in calculation

o; = f(al(mz)) @ 6r(ad(mz)) - Chag

« Separate fits for low- and high-u data points
 Fits to Inclusive jet or dijet data

Results
« Most sensitivity arises from maitrix elements

» Best-fit a,-values in 's and ME's are

consistent

« Significant anti-correlation at lower scales

ol (m) from fit

of (m ) from fit

0.13

0.12

0.11

0.13

0.12

0.11

|

I
-

T T T 'l T T
u<15GeV

H1 inclusive jets

68% CL. + -- €X

T 1 1 1 1 T

H1 dijets

| Fits using in x?
— exp. uncertainty only
p., had. & PDF unc.

M I | I I I

1 1 1 1 U

T T
-
+
o

————
Kn>15GeV

H1 et al. (prelilminary)

T | T T
in>15GeV

| TR
0.13 0.1

0.12

cie . 0.11 0.12
-> [ncreased sensitivity if both a.-values . . . |
. . i i og (mz) from fit og (mz) from fit
identified to be identical
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Dependence on the PDF

PDF is external input NNLO calculation

Choice of PDF set

 Different PDF groups:
different input data sets, PDF parameterisations,
model parameters, fit methodology, etc...

» Different PDFs are consistent

Choice of a, as input to PDF
e a,(m,) important input parameter to PDF fit

» Relevant correlation with fitted results
» Differences among different PDF sets

Additional PDF uncertainties on result
* 'PDFset" 1/2*max(A(all PDFs))
« 'PDFay": 1/2 (Aa,=0.004)

@ 013
o]
T
IS
= 02
=
S
N
E -pid
ts(ﬁ
1.2
C-g
=10
0.8

H1 inclusive jets

H1 dijets

T

'PDF selection ofit NNLO

¢ 0o NNLO total unc.

- === NNPDF3.0
- - - ABMP

s CT14
HERA2.0 :
)

. MMHT Xf

-
-
st

L . - o 1 :
Mooy i e
I TN TR T T T

ol (mz) of PDF
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PDF dependence and scale choice

« Fits to 'H1 jets’' (inclusive jets & dijet data taken together)

n

1] 0.14 -
T i
S 013 i
-
g
N

E

= 0.11

[ I [ [ [
- Scale choice (xs-fit NNLO

® o -fit NNLO
| Scale uncertainty
O NLO

-
]
@
@

( |
cﬁl_ CE_ :rn_l— o -
+ + | + +

o o < o
g O o o

i 2
Scale choice (“R/F)

w 013
2
=
8 5
= 012
= I
2
N
=i 01
50’)

H1 jets

_ PDF selection a-fit NNLO

¢ O NNLO total unc.
— NNPDF3.0
--. ABMP

o H1 Iet al. (prelimlinary)

0.11 0.12
o (m_) of PDF

0.13
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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
« All fits with good x2

« Study assumes running to be valid only
within limited range covered by an interval

Results

« Theory uncertainty often larger than
experimental uncertainty

« Consistency of inclusive jets and dijets

« Consistency also down to lower scales

0.20
0.18

I]III[I]I]

0.16
0.14

IIIITI]I

0.12

T oo
5&0

! ! LN T |
lWorld average 2016

® H1 jets (NNLO]
O H1 inclusive jets [NNLO)

T1 H1 dijets [NNLO)

IIIIIII|III|III|III|III|I

0.10 —H1 et al. (preliminary) y

LBl |
LI

(while otherwise data with p<2mj is excluded) - lE B
. Scale uncertainty almost 'constant' atall £ 012 o =]
scales A | o ﬂ =
-> NNLO with small scale uncertainty (also) at Lol e IR IR e -
lower scales 10 20 30 100 200
) . u. [GeV]
~ Confirmation of ‘running’ between 7-90 GeV /\
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H1 inclusive jets

- 1.5 ||||||||| l' "I T T T T T T T T I-el la;ai T T T T T Js|=| T Iel Iil :& Id

NNLO Cross SecCtions passusflhst  gio™  =0e™e]
0'5 “I L L L L L L L L L L L L L L L L L l L L l L L Io L IEXIChTId Iedl dlatal. L L L L 1 L L 1 L L 1 l L 1 I-:

1 .5 _I L) L] T L) L] T L) L] T T L] L) T T L] T T T T T }-IIEIRAI.II Iolw:c# |j

- - - _ 5 | .. ” .:.I: I . | ir:! | .II:I.I. " II .:. IR (S R[S i R [ [ [N | (A ol o [N SO [ [ [0 | |E
Rat’o Of data to NNLO pred’ct’ons ; {1}5 L L . PR W [ B PR O 9 (R DN | rr1rT3rrertrerraTrrhnTrr IHIEF‘IA_I| Ihléhidz |j
. USing: GS(mZ) : 0.1157 % 0'51 -l L L L L L L L L L L L L I?f L L L L II++ITI L L L L L 1 L L 1 L L L L L L 1 L L 1 L L IE

D 1 .5 . .. . . T T T T T T T T T T T T L) T T L) L] T L) L] 1 T L] T T L] L) L T L] T T T T T IHIEHIA;-”I l Iw:@l -4

. Blue band: NNLO Scale uncertianties 0.51 .l -_--.---:_...::-':-'.._.'.”-_.- s B 3 I, v vy "-.__-:_:'--'.__.'-: ' Ta Y LY .,,-" =_,_--_ 1 _||. = ' "'T' H;
15 N +——+ l B e e e e S e S B B IS B e e e i ———————— }I-IERA-:II hici,h:Q:z |:

» Excluded data points (open symbols) 0_; i i ki ") " H1 ot L. (reliminan)]

e U<2m, e e, e . e . e e e

Bin ID (ordered in [i per data set)

« HERA-I low-Q2 dijets: 5 < <pT>< 7 GeV
-> pbecause of symmetric cuts

-> |ssues with NNLO H1 dijets
1.5 T T T T J Il il gl ot rngJj rrrrrrrrrrrrrr i-(1r 'e‘t aaia llllllll N0 GV | i T i T Y_
; E | | " | *i . NNILO ¥5=300GeV high-Q? ]
- * o Excluded data ]
ConCIUSlons 0'5 -l 1 L l l L l l l l l l L l l L L l L L 1 l L 'l l. L IDaltaJ eIXCIII.J(?edI irl"I ‘!-|1I ieltslI ﬁIt l 1 l l 1 il L 1 I-‘
5 B HERA-! low-GF ]

* 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 (NNLO)

*#n u+n_-
= }:~IE=RA.|I hi;h-Qz 1

.. Hletal reliminary;
30 35 40 45
Bin ID (ordered in [i per data set)
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Extended phase Cross section phase

space for unfolding space
NC DIS Q?>3 GeV? 5.5<0Q?<80GeV?
y > 0.08 02<y<06 Phase space of measurement
(inclusive) jets P >3 GeV P> 4.5 GeV and :
phase space of unfolding
-1.5<n® <275 -1.0<n®<25
Dijet and trijet P> 4 GeV
<P*>>3 GeV <P_> > 5 [5.5] GeV
Predictions NLO aNNLO NNLO
Program for jet cross sections nlojet++ JetViP NNLOJET
pQCD order NLO approximate NNLO NNLO
Calculation detail Dipole subtraction Phase space slicing Antenna subtraction

NNLO contributions

from unified threshold

resummation formalism S u m m ary Of
Program for NC DIS QCDNUM APFEL APFEL pred ictions
Heavy quark scheme ZM-VENS FONLL-C FONLL-C
Order NLO NNLO NNLO
PDF set NNPDF3.0_NLO NNPDF3.0_NNLO NNPDF3.0_NNLO
ay(Mz) 0.118 0.118 0.118
Hadronisation corrections Djangoh and Rapgap

Available for

(Normalised) Inclusive jet vy v v
(Normalised) Dijet vy v v
(Normalised) Trijet v
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Regularised unfolding

Regularised unfolding using TUnfold

JINST 7 (2012) T10003

« Calculate unfolded distribution x by minimising } Dot leve
Vy Covariance matrix
A Migrati tri
% (x,T)=(y—Ax)'V '(y—Ax)+TL'L Wt Regularisation term
e Linear analytic soluton . M IgratlonMatrlx ___________ .
« Linear error propagation o T L R e
« Statistical correlations are considered in V, —
Trijet events which Trijet
. . are not“generated Qz, 25 Y,
Simultaneous unfolding of as Triet evert e
. Statistical correlations are considered o oo Al
« Matrix constituted from O(10¢) entries ol T Dijet-cuts
« Two generators used | I
« Difference between the two -> model uncertainty K |eswtmousmach) Incl. Jet

to generator level jet 2
Pt Q% yen

» Up to 6 variables considered for migrations
 'detector-level fake jets' (or events) are constrained
with NC DIS data NC DIS

%y EPY C75 (2015) 2
Hadron level
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Unfolding matrix and resulting correlations

Migration Matrix Statistical correlations
e o e e L b AT e S L i e Ty | B R e & | —
E tepPrPyPs ! £ : e i &, i - 2 H1 T"ler’__ 1
2 21}
= 17} ) ¥
Reconstructed L. e 1 g [ y - 0.8
Trijet évents which Trlj et 0 | .
are not generated . <p>ay, 1t § = —
as Trijet event Q'zl'rije%cjisy 43} ,. Dijet .< .~ 0.6 E_)
a7} ; i 'O
‘© | Reconstructed o SN f 4 %
> |Dijet events which Dijet S & 3 o+ 9
D |are not generated 0% <pr>p. £ 19¢ r
= )" R s m 13 | [ =
| ‘as Dijet event Dijet-cuts o
o 7 s B0.2 =
5 1 s
D | Reconstructed 43} Inclusive jet’ ] g
8 jets without match | |Ncl. Jet o 4l o g —0 o
to generator level i == - .
g PRy 4 Q2 31 oy =
@ o5 o
R 0.2
8 19F: 2 g " :
= 18f Q% Bin
| = - 5 4
NC DIS I 0.4
0%y N 7 131925313743 1 7131925313743 15913 21 29
Bin inclusive jet Bin dijet Bin trijet

Hadron level
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Dijet cross sections

Dijet cross sections
« as a function of Q2 and <p;>,
o <P>,= (PTjetl + PTjetZ)/2
with: Piet > 4 GeV

Comparison to Predictions
 NLO (nlojet++, NNPDF30_nlo)
« approximate NNLO (JetVip, NNPDF30_nnlo)
e NNLO (NNLOJET, NNPDF30_nnlo)

Predictions provide overall good
description of data

3 102k 55<Q%<8GeV? 1 (2L  8<QP<11GeV?
o o
ﬁ 10 : "é 10
= 1
< 107 1 S 107
g10° { G102
S10°F { 5107 3
107 ' T '
6 40 20 8040 8 10 20 3040
(P,),[GeV] (P,), [GeV]
> otk 16<QP<22GeV? 13 j02b  22<QP<30GeV?
5] 0] :
2 2
=3 5
A

6 10

10

20 30 40 6 20 30 40
(Py), [GeV] (Pp), [GeV]

T 42<QP<60GeVZ ] > 2k 60<Q2<80GeV?

) 102 < < e D 1025 < < e

3 g "1

o] 0

2 2

o o

g

2

©

6: 10

20 30 40
(P;), [GeV]

20 30 40
(P;),[GeV]

‘"E 102k 11<@<16GeV? ]
ﬁ 10
oy
CI..- -1
5102
g'm3
S 10

107 '

6 10 20 3040

(P;), [GeV]

- 102k 30<Q@P<42GeV? ]

6 10

20 30 40
(Pp), [GeV]
H1 Dijets
¢ H1 HERA-I

\\ Systematic uncertainty
B NLO ® hadr. corr.

— aNNLO ® hadr. corr.
#ZNNLO ® hadr. corr.
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Normalised dijet cross sections

 Normalisation w.r.t. NC DIS cross
section in given Q2 range

o

!

* (partial) cancellation of exp.

uncertainties

smaller benefit at lower Q2

« Overall good description by
NLO, aNNLO and NNLO predictions

* NNLO slightly overshoots data
-> Probably caused by normalisation of
NC DIS predictions in NNLO

norm __

S e

6 10 20 3040 6 10 20 3040
(P,), [GeV] (P,), [GeV]
E E
5§23 §2 2F  22.Q%30Ge\?
b o 1.8F
- e 1.6
] -]
I:b ':b _'.-'
L

6 10 20 3040 6 10 20 3040
(P,), [GeV] (P,), [GeV]
E E
§°§ 42 < Q%< 60 GeV2 §b§ g: 60 < Q%< 80 GeV2
S N AF
2
1

6 10 20 30 40
(Pp), [GeV]

6 10 20 30 40
(Pp), [GeV]

(P,),[GeV]

norm
NLO

O.nomi ‘|f I3

é . .10 26 3.0 4;0
(P2, [GeV]
H1 Normalised dijets
$ H1HERA-I
§ Systematic uncertainty
. NLO @ hadr. corr.

—— aNNLO ® hadr. corr.

% NNLO ® hadr. corr.
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Normalised jet cross sections

Inclusive neutral-current DIS

Normalised jet cross sections cross sections

 Normalised to:
'Inclusive neutral-current DIS cross
section' in respective Q2 bin

T T THI

o
A—
S

oo/ AQ? [pb/GeV?]

e E
Advantages i CERE i
* Reduced experimental uncertainties o s N
27z Syst. uncertainties

T IIlIII|

e Cancellation of normalisation uncertainty 'NLO (ZM-VFNS,NNPDF3.0)

Li

-4- NNLO (FONLL-C,NNPDF3.0)
NC DIS predictions - 1.1;— | :
. NLO_(Z_M-VFNS_) and NNLO (FO!\IL_L-C) Y
predictions provide a good description of s I I
the data T P :
 PDFs are fitted to NC DIS cross sections L. , SN
6 7 10 20 30 40 5060

Q? [GeV?]
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Reminder: inclusive jets @ high-Q?

H1 Data NLO ® c" @ ¢c®¥
® 150 <Q° <200 GeV” (i=16) O 400 <Q®< 700 GeV? (i=1) NLOJet++ with fastNLO
Eur.HFI hl—%/ ESI.Q,‘AI\IIIC75 (2015) 2 Hiah © 200<Q2<270GeV? (=11) A 700<Q2<5000GeV? =) ~ MOTW2008,0,=0.118
. -1l jet cross sections at high-Qz2 m 270 <Q° <400 GeV? =6) A 5000 <G < 15000 GeV? (i-0)
. |ln\l__::(|)u5|ve2 Jeti gléeotoacr;'ld \}EZIJEt Cross sections A A Dijet Trijet
L4 < < e () .
Q g 104 & .
- - - B 103 PY B -
Inclusive jets in range = . a .
o« 7 <p;<50GeV N g2 ° . = :
; D_|_ 10 - i o g °
Recent studies showed g : . : Fd ,
« Inclusive jets are well measurable down to p+ = . g i
~ 4 GeV il ! ; i
« The original 'high-Qz '-analysis contained a il o : & , c
cross section bin for inclusive jets for o = . : :
S5<p;<7GeV ol — O _— -
i . A A 7 . <
Extension to low-p;: 5 < p, <7 GeV 10 H1 s =
- for each Q2 range jCpERE ] e
» Absolute and normalised cross sections 710 2030 50 710 2030 50 7 10 20 30
P [GeV] (P.), [GeV] (P.), [GeV]
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Normalised inclusive jet cross sections

é 1 55<Q<8GeV* g ni 8<Q’<11GeV? ;: 4 11<Q?<16GeV* ] é ’ 16 < Q%< 22 GeV?
=10 =10 =10 1 =10
- - - - o 2 o 2 a 2 o 2
Normalised inclusive jets , o Lo =
. . . . R 3104 Eﬂ)‘r 13104
 Normalisation w.r.t. inclusive NC 1 e

. . . 10° : 10°k : 10°k . 1 10°k .
DIS cross section In respective Q2 5710 2030 5710 230 57 10 2030 5710 20
. Py [GeV] P [GeV] Py [GeV] Py [GeV)
b|n ;: | 22<0<30Gev? g (b 30<Q%<42Gev E: b 42<0<60GeV g b 60<Q<80GeV:
« Significant reduction of ” ”

uncertainties at higher values of Q2

[

[

L

10° : 10° : 10° : 10° .
§ 7 10 20 30 5 7 10 20 30 § 7 10 20 30 5 7 10 20 30
PY [GeV] P [GeV) P [GeV] Py [GeV)
H1INQrm§l“tsed g | 150<Q<200GeV? 3: b 200<Q<270GeV? 1§ | 270<Q<400GeV?
. . - inclusive jets £ . e 1 £l

Normalised jet cross sections S ST -H—'—|_ "'—L.l_l_
. Y 1 H}’ it o Hiz’ L =
 Increase as a function of Q2 for a wivERal S e sl _
1 1 - 10°°F i 107} i 10° 1

g|Ven PT Interval -§Sy§tematic uncertainty 10°8 : 1 10k : 105k .
: 6 10 20 3040 6 10 20 3040 6 10 20 3040
Py [GeV) P} [GeV] P [GeV)
= = s NS g = 2 2
) ey 3 4} 400<QP<700GeV' 1§ | 700<Q'<5000GeV: § B | 5000<Gi<15000GeV?
« Q2 and p; are both important scales l = 10 e =0 1
. . . . %NNLO@hadr_corr. %10 QW %103% %m Z?H—Lﬂm.-'
210} i 10} 210} :
for inclusive jet production e :
10°°F ; 10°°F 1 10°°F 1
10°° L P 10°%k ' b 107k L R
6 10 20 3040 6 10 20 3040 6 10 20 3040
Py [GeV) P}’ [GeV] Py [GeV)
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Determination of the strong coupling a_(M,)

a,(M,) from H1 HERA-II jets - 0.30F
* Normalised jet cross sections = ;
correlations of uncertainties considered o =l
Low- and high-Q2 data i
e Low-Q2 jets [arxiv:1611.03421]
* high-Q2 jets (Eur.Phys.J.C75 (2015) 2) 0.20 -
a (M) in NLO ik
X2 fit to all data points together: a,(M,) e
as(Mz) = 0.1173 (@) exp (3)ppF (7)pDE@y) (11)pDEset (Ohad (F33)scate. 0.10
» Very high experimental precision —~,0.13 .
« Future improvements on dominating = 012
theory uncertainties in NNLO = 0.11
0.10

World average (PDG2016)
a (M) =0.1181 + 0.0011

T { [ | T ¥ T T LI I
B World average 2016
¢ H1 normalised jets HERA-II [NLO]

ZEUS inclusive jets in yp [NLO]
» ALEPH y3 [NNLO] (Dissertori, et al.)
+ JADE 4-jet rate [NLO+NLLA]
# OPAL Y 55 INNLOJ
+ CMS inclusive jets 8TeV [NLO]
¥ DO R,y INLO}

" "‘*‘*‘m

II|IIII|III1|FIII|IIII|

o =

/

- L L L L | -l |
10_. 20 30 100 200 1000
b, [GeV]

EPS17, July 2017, Venice Daniel Britzger — H1 jets and a_ at NNLO 40



	Slide 1
	Slide 3
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 20
	Slide 21
	Slide 22
	Slide 25
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 39
	Slide 40

