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Introduction ﬂ(“

Karlsr

a as(Mz) among least well known fundamental physical parameters
— increased knowledge of o.s(Mz) needed for precision QCD

m inclusive jets in hadron-induced collisions
<— well defined observable for any process:

o0
70 = Y_od(uB) Y [ dxidre i, i) X 65508, 13, 12)
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Main “ingredients” of calculation

a hard matrix element — depends on as(Mz)

p
a convolution with PDFs — additional o.s(Mz)
dependence? Jets
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Experiments ﬂ(“

a abundance of experimental data from:
— ATLAS, CMS, DG, CDF, H1, ZEUS, ALICE, STAR, ...

m recent inclusive jet data used for ag extraction by CMS [3], D [1]
and H1 [2] collaborations

© collaborations provide template for using their data
@ large differences in ag fit methodology
— methods, data compatible with each other?

Focus of this work
a reproduce fit results in CMS, D@ and H1 fit methodologies
a redo fits with a unified fit method
m extract as(Mz) from inclusive jet data from multiple experiments
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as(M;z) extraction from inclusive jet data KIT

a data from H1, D& and CMS cover large
and complementary phase space

Inclusive jet samples
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@ extracted as(Mz) values compatible with
each other and with world average [4]
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A however, large differences in fit procedure

Introduction Reproduction

D. Britzger, K. Rabbertz, D. Savoiu, G. Sieber, M. Wobisch — o fit to jet data

I I I
4 World Average
KH  Original publication
H1 ——
DG| +—o—
CMS ——
—4—
| | | |
0.115 0.120 0.125 0.130
-  experimental uncertainty as(Mz)
Unified Procedure Results

August 25, 2016 4/16



Comparison of as(M;) extraction methods AT

Karlsruhe Institute of Technology.

H1 fit methodology 2 =Y (Inm—Int)[V..] (Inm —In¢
if (rel) 1 / /
m iterative %2 minimization (MINUIT)

m determine central value with experimental uncertainties only
m assume PDF without as(Mz) dependence; use MSTW2008nlo with as(Mz) = 0.118

m additional theory uncertainties: , PDF, PDF as(Mz), PDF set, w,, i

m obtained through additional fits / linear error propagation

PDF), 12

S(PDF; )

1+ +5165 "7 (o

mi—l Y, 55()

D@ fit methodology X3 = Y,
1

2 2
] stat +0i.uncorr

m iterative x2 minimization (MINUIT)

®m one nuisance parameter for each PDF eigenvector and
m interpolate cross section predictions obtained for PDFs assuming different values of
O(S(Mz)
® aNNLO (NLO predictions with threshold corrections + NNLO PDFs)
m 88 out of 110 data points excluded « correlations with MSTW2008 PDFs
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Comparison of as(M;) extraction methods AT

Karlsr

Xews — L j(mi = 1)[(Vexp + Veor) ™' ,(my — 1)

CMS fit methodology

m ? is evaluated for each PDF in an as(M;) series

u resulting (x2, as(Mz)) points are assumed to lie on
a parabola

m fit of second-degree polynomial function — central
value and uncertainty on as(Mz)

1
1
best a\(M/)i
1
1
1
1
|

m PDF: CT10nlo (results are also provided for MSTW2008

and NNPDF21)

] obtained by performing additional
fits with correlated variation of theory

PDF atg(Mz)

Fit methods differ significantly!
— “naive” combination of results (weighted average) not very conclusive

— need to extract as(Mz) using measurements from all experiments in a
unified fit procedure
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Alpos setup for o fits IT

Karlsruhe

Institute of Technology

a Alpos — new modular C++ based fitting framework
m used within H1 and CMS for PDF, electroweak and ocs(Myz) fits

¢ input format: experience with xFitter/HERAFitter

** Dataset 3 nested theory interfaces
Dataset 2

| LHAPDF6 Ry

) —
N/ D

N\, ROOT::Fit::Fitter for o fits
minimization in Alpos e QCDNUM B

x2-like functions [ Al CRunDec R

<— derived from likelihoods
< multiple models of measurement
probability distribution
[https://ekptrac.physik.uni-karlsruhe.de/svn/Alpos]
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Reproduction of published values in Alpos ﬂ( T

Karlsruhe Institute of Technology.

T T T
H1 4 World Average
= method as outlined in publication HH  Original publication
Reproduction with Alpos
m exact reproduction of published results
DO
H1 —{—
m two results: aNNLO and pure NLO
m exp. uncertainties only provided by D@ for DO| +—o—
aNNLO Lo
(error breakdown
CMS (pureEN)L%) D not published)
m original publication — PDF uncertainties
constant in Vppr CMS Lon B
m Alpos — PDF uncertainties are rescaled
with theory predictions
— original CMS code used for checks
=
Published as(Mz) results are repro- 0175 0920 0125 0130
duced within our framework
HH experimental uncertainty as(MZ)
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Unified fitting procedure ﬂ(“

Define fitting procedure for refitting all datasets:

m use iterative x? minimization method

m assume log-normal distribution of measurements — relative uncertainties
m central result with experimental, PDF and uncertainties

I —1
Xoniea = Ly (nm; =) (VE2 + VEL + Vi) ] (nmy—int)

[}

m x? is expressed in terms of nuisance parameters for PDF uncertainties
<— study compatibility of PDFs with data
A nuisance parameter representation not possible for NNPDF
keep restricted dataset for DG (22/110 points)
scale choice:  pp, pp: bp = F = Pr ep: ui = (Q° +p7)/2; pt =@
PDF sets studied: MSTW2008, MMHT2014, CT10, CT14

= ABM11 and HERAPDF20 also studied
— both sets exhibit issues describing data, in particular for CMS
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PDF as(Mz) dependence AT

Karlsruhe Institute of Technology.

How to express the as(Mz) dependence of the cross section?

® how to account for as(Mz) dependence in PDFs?

Two methods are studied:

“Fixed PDF” (O) “PDF Interpolation” ()
(method used in H1 publication) (method used in D@ publication)
0.008 0.008
.‘Ql el
<0007 20007
" S
H T
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ﬂ 3
o 0.00 - 8 0.004} -
o ‘* CT10nlo_as_118 (Simple evolution) ‘ S ‘ CT10nlo_as 112-127 (Interpolation) ‘
O 010 ois o010 015 0130 013 O ol 0in ol 015 013 01%
as(Mz) (M)
m calculate cross section using PDF for m calculate cross section using PDF for
one chosen as(Mz) each available as(Mz)
m prediction o(os(Mz)) directly from u prediction o(as(Mz)) from
fastNLO interpolation between the points
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Method comparison ﬂ(“

“Fixed PDF” “PDF Interpolation”
© as(Mz) dependence is quadratic, @ provides a way to include the
as expected for inclusive jet cross uncertainty due to the choice of
sections PDF as(Mz) in the fit
© well-defined theory interpolation method needs to be

© clear breakdown of PDF defined (e.g. fit or splines)

uncertainties A spline interpolation not well suited
» for some PDFs (e.g. NNPDF)
@ introduces an additional procedural

uncertainty due to as(Mz) used in © spline extrapolation may give
PDF fit unphysical results

© possible bias towards assumed PDF © does procedure reproduce PDF as
as(Mz) dependence?

In most cases, both methods yield comparable results
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Method comparison

“Fixed PDF”

© os(Mz) dependence is quadratic,
as expected for inclusive jet cross
sections

© well-defined theory

© clear breakdown of PDF
uncertainties

@ introduces an additional procedural
uncertainty due to o.s(Mz) used in
PDF fit

@ possible bias towards assumed PDF
as(MZ)

choose this as main method

“PDF Interpolation”

© provides a way to include the
uncertainty due to the choice of
PDF as(Mz) in the fit

interpolation method needs to be
defined (e.g. fit or splines)

A spline interpolation not well suited
for some PDFs (e.g. NNPDF)

© spline extrapolation may give
unphysical results

@ does procedure reproduce PDF o
dependence?

In most cases, both methods yield comparable results
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Procedural PDF uncertainties AT

Karlsruhe Institute of Technoloy

m additional PDF-related procedural uncertainties arise in addition to “PDF
uncertainties” themselves:

(1) choice of PDF set
(2) choice of as(Mz) assumed when fitting PDF

MSTW2008nlo
CT10nlo
vary PDF set
MMHT2014nlo (discrete)
CT14nlo — “PDF set

uncertainty”
0.116  ag(Mz)=0.118  0.120
6 _ o(fsmax) - o‘(Smln)
vary ag(Mz) within PDF set procedural >
(discrete, +0.002)
— “PDF ag(Mz) uncertainty”
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Refits with unified procedure A[{]]

Karlsruhe Institute of Technology.

T T T

4 World Average

KH  Original publication
Unified method

Refit results

a all refits have reasonable x?/ndf and
compatible with each other

. +—{—+
® x?/ndf values at minimum: Hi
H1 x2/ndf = 23.1/23 = 1.004 Do —
D@ x2/ndf = 17.2/21 = 0.819 (pureNLO)
CMS x?2/ndf = 110/132 = 0.832 oMS el

Comparison to published values

m good agreement

H1 method similar, but Vppr and Vi in X2 ™

.
“original” errors taken from Alpos reproduction

CMS, D@ change of fitting method — changes of fit Method: Fixed PDF
values and uncertainties + PR TEO 0o
| | | |
Final results remain comparable with each other 0.115 0.120 0.125 0.130
and with original publication experimental uncertainty as(Mz)
— Can proceed with combination ota) uncertainty
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Combined fit

Input to combined fit

m choose H1, D@ (pure NLO) and CMS

m no correlations assumed for exp. uncertainties
across experiments

m PDF choice: MMHT2014nlo (others very similar)
Result
as(Mz) = 0.1172 (15)exp (5)np (9)poF MuHT
(8)pDF set (5)PoF as (50)scale
= 0.1172 (15)exp (14)theo (except scale) (50)scale
X2n/ndf = 152.2/178 = 0.855
Conclusions

m combined fit shows reasonable x?/ndf
m combined result compatible with individual fits
m uncertainties reduced
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Beyond the first combination AT

Karlsruhe Institute of Technology.

T T T T

4 World Average
Additional studies with available data Unified method

m H1 inclusive jets, normalized to NC DIS
— reduced overall uncertainty
a D@ unrestricted dataset H1

© necessary to remove 88 data points? H1

(normalized NC DIS)
Data from other experiments

DO
m data available (ATLAS, CDF, ZEUS, ...)

m no template provided how to use data in fit
m experimental correlations important

(all data points)

Fit of PDFs together with as(M) oS
Method: Fixed PDF
© correlation of PDF parameters with as(Mz) + POF: MMHT201nlo
© observed issues with HERA DIS + CMS jets o_1l15 o,1l20 o,1l25 o,1l30
as(Mz)
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Conclusions ﬂ(“

a os(Mz) was determined from a fit to inclusive jet data from the H1, CMS and D&
experiments

m Alpos: recently developed, public fitting code
m results consistent among themselves and with the current world average for ocs(Mz)
m experimental uncertainties are reduced

m scale uncertainties remain the largest single contribution to the total uncertainty

as(Mz) fits ideally suited to deepen understanding of jet data and prepare them
for PDF fits
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Comblnatlon result by PDF ‘ ‘ ‘ ‘ ‘
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Data-Theory agr
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Data-Theory agreement
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