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The strong coupling and the RGE @
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- test the predictions for its running

April 18, 2018 ATLAS jet correlations and the strong coupling 3



Why we care

RGE of pQCD may not tell the full story
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Jet production at a hadron collider @
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Jet production at a hadron collider @

Standard Model or New Physics?
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Jet production at a hadron collider @

Standard Model or New Physics?

Parton distribution
functions

Values? Evolution?
Universality?
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Jet production at a hadron collider @

Standard Model or New Physics?

Parton distribution
functions

Values? Evolution?
Universality?

Strong coupling o

Value? Evolution? Universality?
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Ratios of Multi-Jet Cross Sections @

antiproton

- sensitive to a_ (3-jets:a’ | 2-jets: a?)

- less sensitive to PDFs & exp. uncertainties (cancellations)
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Transverse Energy-Energy Correlati

ATLAS Collab. Eur.Phys.J. C77 (2017) 12, 872

Transverse enery-energy correlations (TEEC)
Associated asymmetry (ATEEC)

Energy-Energy Correlations = Energy-weighted angular correlations
Event shape - independent of thrust axis or sphericity tensor
Transverse version — use at hadron colliders

Calculated to NLO pQCD

TEEC:
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Sum: over all pairs of jets i,
D, : azimuthal angle between i,

ATEEC: [
=g de¢ o do
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Normalized distribution in cos(¢) and H_,

Distributions unfolded to particle level
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TEEC / ATEEC Syst. Uncertainties
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Systematic uncertainties for TEEC are always below 5%

- Jet energy calibration uncertainties cancel partially in ratio
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Measurement Results TEEC @
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Measurement Results TEEC

Data vs. Monte Carlo
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Data vs. Monte Carlo

Well described by PYTHIAS8

April 18, 2018
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Data vs. Monte Carlo
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Theory Predictions

NLO pQCD

NLOjet++ (massless quarks, n.=5)
renormalization scale: H_, / 2 factorization scale: H_/4

PDFs: MMHT2014, CT14, NNPDF3.0, HERAPDF2.0

Non-perturbative corrections

PYTHIA8 tunes: AU2 (nominal), 4C
HERWIG++ tunes: LHC-UE-EE-3-CTEQ6L1, LHC-UE-EE-3-LOMOD
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Data / pQCD Theory Comparison @
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Good agreement within theoretical uncertainty from scale dependence

- <10% for |cos ¢| >0.7 - up to 20% for |cos ¢| <0.3
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Determination of o,

Minimize %2 function Hessian approach

2 O (i = Fi(as, D) > |
X ((}!S’ /_i) B Z szz + Aflz t ; /lk'-' Fi(as, 7{) =Yi(as) | 1 + ;ﬂko'}(:)

bins
Combine data within each HT2 range — 6 sets = 6 o_results

TEEC ATEEC
(0) (GeV) @(0%) value (NNPDF 3.0) (0) (GeV) a,(0?) value (NNPDF 3.0)

412 0.0966 = 0.0014 (exp.) *000% (scale) + 0.0009 (PDF) + 0.0001 (NP) 412 0.0992 + 0.0024 (exp.) *00056 (scale) = 0.0009 (PDF) = 0.0002 (NP)
437 0.0964 +0.0012 (exp.) {01} (scale) + 0.0009 (PDF) + 0.0002 (NP) 437 0.0986 + 0.0017 (exp.) *0:0941 (scale) + 0.0010 (PDF) + 0.0007 (NP)
472 0.0955 £ 0.0011 (exp.) *;5 (scale) +0.0009 (PDF) + 0.0001 (NP) 472 0.0973 + 0.0018 (exp.) +g %g (scale) = 0.0010 (PDF) + 0.0001 (NP)
522 0.0936 = 0.0011 (exp.) *0.9043 (scale) + 0.0010 (PDF) = 0.0001 (NP) 50 0.0957 + 0.0016 (exp.) *0 +0.0034 0034 (<cale) + 0.0011 (PDE)  0.0003 (NP)
604 0.0933 £ 0.0011 (exp.) +§%§ (scale) + 0.0011 (PDF) + 0.0003 (NP) 604 0.0930 + 0.0019 (exp) *8 %ﬁ (scale) + 0.0012 (PDF) + 0.0003 (NP)

810 0.0907 = 0.0013 (exp.) *29%%9 (scale) = 0.0011 (PDF) = 0.0002 (NP) 20.0005
810 0.0899 + 0.0021 (exp.) *0-003! (scale) + 0.0013 (PDF) + 0.0001 (NP)
(Q) (GeV) a,(mz) value (NNPDF 3.0) X INaot (@) (GeV) a(mz) value (NNPDF 3.0) Y2/ Naos
412 0.1171 +0.0021 (exp.) *508! (scale) + 0.0013 (PDF) + 0.0001 (NP) 24.3/21 412 0.1209 + 0.0036 (exp.) gggﬁ (scale) + 0.0013 (PDF) + 0.0004 (NP) 10.6/ 10
437 0.1178 +£0.0017 (exp.) 40013 (scale) + 0.0014 (PDF) +0.0002 (NP) ~ 28.3/21 437 0.1211 +0.0026 (exp.) *] oot 0064 (scale) + 0.0015 (PDF) + 0.0010 (NP) 6.8/ 10
472 0.1177 £ 0.0017 (exp. ) 00023 (scale) +0.0015 (PDF) + 0.0001 (NP) 27.7/21 472 0.1203 + 0.0028 (exp. ) +0.0060 (Scale) +0.0016 (PDF) + 0.0002 (NP) 8.8/10
522 0.1163 +0.0017 (exp.) *j 07 (scale) = 0.0016 (PDF) + 0.0001 (NP)  22.8/21 522 0.1196 +0.0025 (exp.) *090% (scale) +0.0017 (PDF) + 0.0004 (NP) 109/ 10

604 0.1181 + 0.0017 (exp.) 30082 (scale) + 0.0017 (PDF) + 0.0005 (NP)  24.3/21

604 0.1176 + 0.0031 (exp.) *D00% (scale) + 0.0020 (PDF) + 0.0005 (NP) 6.4 /10
810 0.1186 + 0.0023 (exp.) mg (scale) + 0.0020 (PDF) + 0.0004 (NP) 23.7/21

810 0.1172 £ 0.0037 (exp.) ) 0005 0053 (scale) + 0.0022 (PDF) + 0.0001 (NP) 9.8 /10
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Determination of o (Q)

TEEC

= N t =
0_14:— ATLAS —— TEEC2012Gicbalfit  [L World Average 2016 —:
i; =de= TEEC 2012 k= TEEC 2011 ]

0 13_ == CMSH,, ~¥— (MS 3-jet mass ]
E == CMS inclusive jets 7 TeV === CMS inclusive jets 8 TeV ]
L —5= CMS fcoss section  =—#— D0 angular correlafons
0.12 :_ === DO inclusive jets _:
0.1 —
0.1 o~
0.09F -
0.08f— Y
- L | —
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Consistency with RGE predictions
& with results from other experiments
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Determination of o (m,)

TE EC PDF a,(mz) value v /Nuaot
MMHT 2014 0.1151 = 0.0008 (exp.) * 22 (scale) = 0.0012 (PDF)  0.0002 (NP) 173/ 131
CT14 0.1165 % 0.0010 (exp.) *99%7 (scale) = 0.0016 (PDF)  0.0003 (NP) 161/ 131
NNPDF3.0  0.1162 = 0.0011 (exp.) *?%7 (scale) + 0.0018 (PDF) = 0.0003 (NP) 174/ 131

HERAPDF 2.0  0.1177 + 0.0008 (exp.) *2%%* (scale) + 0.0005 (PDF) + 0.0002 (NP) *9%9% (mod) 169/ 131

as(mz) = 0.1162 + 0.0011 (exp.) *5ooes (scale) + 0.0018 (PDF) + 0.0003 (NP),

PDF a (my) value X [Nyot ATE EC
MMHT 2014 0.1185 + 0.0012 (exp.) *J o0t/ (scale) + 0.0010 (PDF) = 0.0004 (NP) 57.0/65
CT14 0.1203 + 0.0013 (exp.) 00033 (scale) + 0.0015 (PDF) + 0.0004 (NP) 55.4/65
NNPDF 3.0 0.1196 + 0.0013 (exp.) *90%! (scale) + 0.0017 (PDF) = 0.0004 (NP) 60.3 /65
HERAPDF 2.0 0.1206 + 0.0012 (exp.) * 000 (scale) + 0.0005 (PDF) + 0.0002 (NP) + 0.0007 (mod) ~ 54.2/65

as(myz) = 0.1196 + 0.0013 (exp.) ’_’gﬁﬁ (scale) + 0.0017 (PDF) + 0.0004 (NP)

Consistent with each other & with world average (0.1181 +- 0.0011)
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sSummary

ATLAS, Eur.Phys.). C77 (2017) 12, 872

Measurement of transverse energy-energy correlations & asymmetry

2012 ATLAS data, sqrt(s)=8TeV, L=20.2fb"
Small experimental uncertainties for TEEC
Reasonably well described by different MCs & NLO pQCD + non-pert.

Determinations of o, (Q) and o (m,)

Fits, combining all different H_, regions:

ag(mz) = 0.1162 + 0.0011 (exp.) "0 00e (scale) + 0.0018 (PDF) + 0.0003 (NP),
as(mz) = 0.1196 + 0.0013 (exp.) 9003 (scale) + 0.0017 (PDF) + 0.0004 (NP),

Good agreement with previous results, world average

and RGE predictions
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