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Determination of
the strong coupling constant

from inclusive jet cross sections

D. Britzger (DESY), K. Rabbertz (KIT), G. Sieber (KIT),
D. Savoiu (KIT), M. Wobisch (Louisiana Tech)
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Motivation
Why α

s
(M

Z
)?

Among least known SM parameters

Important for all processes in hadron-
induced collisions

Needed for QCD precision comparisons

How?

Start with inclusive jet data

Wide kinematic range

Measured in many experiments

Well defined in fiducial volume of detectors

Compare to theoretical prediction

Directly sensitive to α
s
(M

Z
)

Available at NLO in QCD+EW

QCD @ NNLO is under way

Less ambiguous with respect to scale choice

 α
s
(M

Z
) from inclusive jets
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Main ingredients
Data

Abundance of inclusive jet data from various experiments

ATLAS, CMS, CDF, D0, H1, ZEUS, STAR, …

Inclusive jet measurement

Phase space, experimental uncertainties, correlations

Theory

Partonic matrix element 

Sensitive to α
s
(M

Z
)

Convolution with PDFs

Dependence on α
s
(M

Z
)
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Strategy?

Good?
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Strategy?

Good?
Not really.
Many inconsistencies!
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Better strategy
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First look: α
s
(M

Z
) from CMS, D0, H1

Large and complementary

phase space covered

CMS, EPJC 75 (2015) 288.
D0, PRD 80 (2009) 111107.
H1, EPJC 75 (2015) 65.
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Comparison of fit setups

Could reproduce the original results with → Alpos.

Significant differences in procedures!

neglected in naïve combination of results

develop unified fit procedure
[4] PDG, ChPC 40 (2016) 100001.
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Fitting framework: Alpos

[https://ekptrac.ekp.kit.edu/svn/Alpos]

New modular C++ based fitting framework

used for α
s
(M

Z
), PDF, and electroweak fits within H1 and CMS
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Fitting framework: Alpos

[https://ekptrac.ekp.kit.edu/svn/Alpos]

New modular C++ based fitting framework

used for α
s
(M

Z
), PDF, and electroweak fits within H1 and CMS

→ D. Britzger: DIS jet fits @ NNLO, yesterday

→ E. Eren: CMS jet results, next talk

→ C. Gwenlan: Usage
@ NNLO, yesterday

→ F. Olness: xFitter, tomorrow
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Unified fit procedure (1)

Results using unified fit procedure:

compatible with published values

            within uncertainties

more consistent comparison

simultaneous fit
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Unified fit result (1)

Result of simultaneous fit:

D. Savoiu, Master's thesis, IEKP-KA/2016-25, KIT
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datasets
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more datasets
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Add more datasets
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Add more datasets

[1] D0, PRD 80 (2009) 111107,                                   [2] H1, EPJC 75 (2015) 65,
[3] CMS, EPJC 75 (2015) 288,                                   [4] ZEUS, NPB 765 (2007) 1,
[5] CDF, PRD 75 (2007) 092006,                                [6] ATLAS, JHEP 02 (2015) 153,
[7] STAR, PRL 97 (2006) 252001.
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Original fit procedures

H1 D0

CMS

Not really new:
ATLAS 7 TeV
do not fit well
for any method

→ J. Dandoy:
ATLAS 8TeV jets,
this session

Cannot be fitted
for these PDFs
with this method

Experimental
uncertainties
only
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Unified fit procedure (2)

Same issue with ATLAS 7 TeV here
→ final result without

Experimental & total uncertainties

Assumed correlations between datasets:
experimental: uncorrelated
theoretical:     correlated
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Unified fit result (2)
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Summary & Outlook

Reproduced published α
s
(M

Z
) fit results exactly

Developed a unified, more robust fit procedure

Implemented in flexible way within Alpos project

Open for further participation 

Use better theory, in  particular NNLO

Add further datasets & observables

Perform phenomenological studies on correlations, scales, NP 
corrections, ...

[https://ekptrac.ekp.kit.edu/svn/Alpos]

Thank you for your attention!
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Birmingham

Thank you
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Backup
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PDF dependence
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Additional “PDF” uncertainties
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Method comparison
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Method comparison
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