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Motivation

* QGCD predicts that as becomes

weaker at higher energies:

Qg (MQ) a(Q) from jet and event shape data
AL o a5
2 incl. jets
ey b() In (E) £s (MT) ' ALEPH evt. shape
JADE evl. shapes
3 ZEUS incl. jets
* 'T'he value of ayQ)1s not fixed by & i VL ok jete
theory ;
- Needs to be determined by |
. —— RGE for |
experiment o (M,) = 0.1184 +0.0007

10 20 50 100 200 500
Q (GeV)

* First measurement of as 1n the
TeV regime
- Test of QCGD over wide energy

2 DY Collaboration, Phys. Lett. B
dLBY 718, 56 (2012)
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Measurement of the Strong Coupling
Vs (Q)

P4

Extra factor of as for 3-jet event compared to 2-jet event

inclusive 3 jet cross section

s ot=—

inclusive 2 jet cross section

Many uncertainties (PDF evolution, jet energy scale, luminosity)
mostly cancel 1n the ratio
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Choosing the Scales

« Scale Q of process not exactly NGRS
known

-  Reasonable estimate:

DA e
Q = (pr12) = :
* Renormalization scale pr and
factorization scale pr must be
chosen

- Impact on final result 02 04 06 08 10 12 14 16 18 3

11/ Qus

e Constrain pr = pr = Q = {pT1,2)

Z.. Nagy, Phys. Rev. D68 (2003)
094002
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T'he GMS Detector
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Hadronic
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Event Selection

e Use 5 fb! of CMS data with
Vs = 7 TeV recorded in 2011

* Jets are reconstructed using
anti-kt (R=0.7) clustering
algorithm

* DSelect events with =22 or =23
calibrated jets with

- High ethciency / high
rejection 1D criteria for
quark/gluon jets (>99%

etficient) Jet 1 p : 671 GeV

- pr > 150 GeV
& s
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'Theoretical Predictions

 NLOJET++ used to calculate R39 using difterent as and parton
distribution functions (PDFs)

- Compare to unfolded data
* as(Mz)1s a parameter for the PDFs

* Using four PDFs for comparison:

- NNPDF 2.1
- ABMI11
e S RIE(
- MSTWO08
* LEvery PDF has different detault as(Mgz)
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Sources of Systematic Uncertainties

* Experimental
- Jet Energy Scale (JES)
- Unfolding:
* Insuthcient knowledge of the simulation of jet {pr1,2) spectra

* Observed difference between MC and data in {pr1,2) resolution

e Theoretical
- NNPDF 2.1 uncertainties

- Renormalization and factorization scales

* Systematics established with 0.51 and 2p variations

Group C ESHEP 2013 - Group Presentations

11



Extracting as(My)

* asMyz) predictions varied

using NNPDF2.1

* as(Myz) variations fit to
data to minimize y*/Ndof

Oés(Mz) =— A
Worl

Group C

148 -

CMS

\s=7TeV
anti-kT R=07

Data (Int. Lumi. = 5.0 fb™)
— — NNPDF2.1ay(M,) = 0.106 - Min. Value

NNPDF2.1 (M) = 0.119
— - — NNPDF2.1a (M) =0.124 - Max. Value

1000 1200 1400
(P, ) (GEV)

i 0.0014(6Xp.) =

- 0.0018(PDF) 100050 (scale)

1 Average: ag(Mz) = 0.1184 £ 0.0007
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Conclusion

Group C

. _ +0.0055
CMSR,, : aS(MZ)_O.1148_O.0023
CMS R,,

DO inclusive jets
DO angular correlation
H1

ZEUS

* Extrapolated as(Q) plotted against
- as(Q) measurements at GMS at high Q

- D@, H1 & ZEUS measurements of ayQ) at lower Q

* Prowvides ay(Q)) measurement at unexplored scales
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Bayesian Unfolding

* Method to separate the detector
response from the distribution to
oet a spectrum that 1s closest to
the true one

* Corrects for detector smearing
effects

e Particle-level results

BEEEEE

100

Group C ESHEP 2013 - Group Presentations

15


http://arxiv.org/abs/hep-ph/9509307
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Renormalization Scale

* (Quarks have masses
- Approximate symmetry
- Need renormalization of divergences
2 Q°
R(Q%) = R| —
PR
* Renormalization scale pr 1s an
arbitrary, non-physical parameter
- Measurement cannot depend on pr

- (alculations in pQCD will depend

on choice of pr

- Systematic uncertainty
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Factorization Scale

* In mitial state, soft and collinear
oluon radiation 1s not cancelled
by extra loop diagrams

- Need another arbitrary scale
b
* Daivergences can be factorized

into PDFs

* Factorization theorem:
- Long distance physics 1n
PDF's depends on pr

- Short distance physics
depends on pr and pr
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Irggers

* 3 single-jet triggers used at various pr ranges

* 'T'he highest threshold trigger used 1s unprescaled
through 2011

* All tniggers tully efhicient above indicated offline cut

HLT pT threshold (GeV) 190 240 370
Luminosity (1/fb) 0.15

Offline (pr1 ») cut (GeV) 215
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