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Introduction

HERA was the worlds only e*p collider

Status: 1-July-2007
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Deep Inelastic Scattering (DIS)

Deep Inelastic Scattering (DIS) at HERA
— provides unigue opportunity to study the structure of the proton

Neutral Current (NC): ep—eX

Charged Current (CC): ep—v X Kinematics:

Q? - virtuality of exchanged boson
X - Bjorken scaling variable
y - inelasticity

2 = sxy (Vs centre-of-mass energy)

Cross section: a convolution of the
PDFs and perturbatively calculable
hard-scattering coefficients

c = 6 ® PDF
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ep Scattering at HERA

DIS Neutral and Charged Current cross sections:

Neutral Currents
d2 eip 2 2
T InC _ AT Y, FE T Y aFE — o
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important at high Q2
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S0 ¢ Lo _
LO: F, = xZeZq(q+q) (in NLO («_g) appears)

Charged Currents XF, = Xzzeqaq(Q-a)

In LO e*/e” charged current cross sections
| are sensitive to different quark densities:
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Jet production in NC DIS
Jet production in leading order pQCD:

-; Jet:
B ETD===IT
g 101 =—— |
! R %,
S jet et .
boson-gluon fusion QCD Compton scattering let reconstruction:

proton’s longitudinal momentum fraction & = x(1 + M,/ (¥) k. and anti-k, algorithms

H1 measurements performed in Breit frame
- virtual boson collides head on with a parton form the proton

Inclusive jets: »
AN\ VN measure transverse momentum P{f

Born process Jet ducti . .
P P St procuction Dijet and trijets:

average of two/three leading jets

(Pr); = %(Pﬁ?tl + Pﬁ?tz)

A rr
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Multijet Production at High Q?

Simultaneous measurement (351 pb™) of:

- inclusive jet, dijet and trijet cross sections
and
- normalized inclusive jet, dijet and trijet cross sections

normalization w.r.t. inclusive NC DIS (partial cancellation of experimental
uncertainties)

Extended analysis phase space =~ Measurement phase space
for jet cross sections
NC DIS phase space 100 < (® < 40000 GeV? 150 < (* < 15000 GeV?
0.08 < y< 0.7 02<y<0.7
Jet polar angular range ~1.5<nly <2.75 ~1.0 <yl <25
Inclusive jets P’;[ > 3GeV 7< Pfl < 30 GeV
Dijets and trijets 3 < P < 50GeV 5< P < 50GeV
Mz > 16 GeV

Note: the extended phase space is used to quantify migration effect in this
way improving the precision of the measurement
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Multijets at High Q*: Measurement Procedure

Jet cross sections obtained using a regularised unfolding procedure

Multidimensional Regularised Unfolding:

4 double-differential measurements unfolded simultaneously

- NC DIS, inclusive jet, dijet and trijet
Mlgratlon Matrlx

§lap bbbyl oo 4 e &
. Reconstructed 1.
USIﬂg TUﬂfO|d tOOI Trijetevents which TrIJet
are not generated 2, <pr>3 ¥,
L . . as Trijet event TrUet-cSts
— statistical correlations considered
- enlarged phase space for migrations & | fermre™, Dijet
. Q d
- up to 7 observables are considered = . QSU‘;{_TCTE’;‘
for migrations s
9 Reconstructed
@ |jets without match | |Ncl. Jet
(O | to generator level Jet &y
NC DIS
&y
Hadron level

R. Placakyte, DIS 2015, Apr 27 - May 1



Multijets at High Q*: Uncertainties

Main experimental uncertainties of the measurement:

- improved electron calibration and the energy flow algorithm

Inclusive Jet Dijet Trijet
I - |1‘5‘O< Q2<|200 (‘;eV‘I2 1 I

« Hadronic Final State (HFS):
- jet energy scale and

- energy of HFS ,, e e R e
i I Statisti F 200 < Q?<270 GeV? i 1

1% (up to 4% for trijets) 200 e | |
10~ Model /| L — | ]

’—,__TL N T r — e 1

« model uncertainty

- taking into account differences
in migration matrices between
data and theory (Django, Rapgap)

1 2 2
sModel _ sModel  sModel sModel sModel
5 =+ \/2 (max(od_R , Medel )" + max (o} . Mo ) )

Relative Systematic Uncertainty [%]

« E of scattered electron (0.5 - 2%)
and identification (0.5 - 2%)

« luminosity (2.5%)

. etc
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Multijets at High Q*: Cross Sections

Theory (NLO) calculations: H1Data 2 2 2 NLO @ ™ & o™
® 150<Q°<200GeV* (-16) O 400<Q°<700GeV* (-1 ~ NLOJet++ with fastNLO .
0 200<Q? <270 GeV? (=11) A 700<Q?<5000GeV? -o) . M>TW2008,0,=0.118
NLOjet++ Corrected for m 270<Q%<400GeV? (=6 4 5000 < Q%< 15000 GeV? (i-0) ' o -
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0 3;_ . * )
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Multijets at High Q*: Cross Sections

: : : t H1Data ~ NLO ® c™ ® ™"
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Multijets at High Q*: Cross Sections

Ratio of NLO predictions
with various PDF sets to
MSTW?2008 as function of
Q% and P_

— small differences observed
between predictions for
different choices of PDF sets

(compared to the theory
uncertainty from scale variations)
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Multijets at High Q*: Normalised Cross Sections

+ H1Data —— NLO ® chad

o treraiy O e cconn
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Extraction of Strong Coupling Constant o,_

lterative x* minimisation procedure is used to extract o)

- fit theory (t) to data (m) taking statistical correlations into account:

Mys Nsys
C=FVEeY s ith pilogm-logi- Y Eu
k k

a (M.) and € are free parameters in the fit

Uncertainties 6 of m are considered as log-normal distributed with:

k,+ k,— k,+ k,—
5m,1‘ - 5m,1‘ 61[1,1‘ T 51[1,1‘ 2
Ejp= [/ f°

nuisance parameters ¢, for each source of systematic uncertainty k are free parameters

— consistent treatment of all measurement uncertainties
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Extraction of Strong Coupling Constant o : Results
Jet cross sections are directly sensitive to o

The best experimental precision on o is obtained from a fit to normalised
multijet cross sections:

(YS(MZ)UT = 0.1165 (8)exp (O)ppr (7)PDFset (S)PDF(aS) (8) had (36)y,-
= 0.1165 (S)exp (38)pdf,theo .

Experimental uncertainty significantly smaller than theoretical one
— higher order calculations mandatory

- value consistent with value extracted using anti-k, jets

The most precise value of a (M) from jet cross sections
— can be used in PDF fit together with inclusive data
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Extraction of Strong Coupling Constant o : Results

Determination of a_at various scales (running)

- H1 multijet cross sections with

superior precision =
. . . <]
- consistency with other jet data
- agreement with the theory
prediction over more than two
orders of magnitude
- better than recent CMS results
on inclusive jet measurements
arXiv:1410.6765  arXiv:1410.6765
N
=
5@
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http://arxiv.org/abs/1410.6765
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Extraction of Strong Coupling Constant o : Results

Comparison of a_values extracted from different jet measurements

(separately and simultaneously) H1 Collaboration

| | L | T ‘ I
— compared to the world average nclsejet e T
Dijet .
value of a (M.) )
S z Trijet .
— values consistent within total o
; . Normalised inclusive jet e I
uncertainties -
Normalised dijjet . ..
Normalised trijet ———
Multjet e
Normalised multijet .- .
World average -
PDG, Phys. Rev. D 86 (2012) 010001 (2014 update) | | | | | | | | | ! ! ‘ | |

0.11  0.115 0.2

Ol (I\/IZ)

— value of o (M_) from dijet cross sections is smaller than from inclusive jet or trijets

(most likely attributed to higher order contributions in phase space regions which are
different in the dijet and the inclusive jet measurement)
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Summary

New QCD results from H1 were presented

Multijet (inclusive, dijet and trijet) cross sections in DIS

— final results with superior experimental precision
(supersede previously published H1 measurements)

used to determine the strong coupling constant o

— obtained value is consistent with the world average
— most precise value from jet cross sections!
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