Compact Muon Solenoid

Hannes Mildner
on behalf of the ATLAS
and CMS collaborations

The
University
Of
Sheffield.

1/21



1. Short introduction to EFT (for diboson measurements)
2. Presentation of selected LHC Run 2 measurements

3. Discussion of possible improvements
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BSM Searches

Meavy Gauge Bosons

other.

Overview of CMS EXO results
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Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included).

» So far, no direct hints for new physics found at the LHC.

January 2019
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SM Precision Measurements

Standard Model Production Cross Section Measurements  sttws: sy 2019 [£dt
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» ...but wide range of SM precision measurements available
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The Standard Model Effective Field Theory

» Make best use of SM precision measurements to constrain new physics
» One possibility: constrain the SM Effective Field Theory
» SM EFT: expansion of new physics in inverse of energy scale 1/A

~ Introduces operators Q; of energy dimension n > 4, suppressed by
increasing powers of A > v (v: v.e.v., SM energy scale)

> Lagrangian (without lepton/baryon number violating operators):

Lsmerr = Lsm + Z A2 Q?'mé + Z e anms

~ SMEFT respects SM symmetries and assumes linear realisation of SU(2)
~ Captures low-energy effect of UV theory beyond A for V5 < A

> Can only measure ¢;/A", not ¢; or A separately

~ Operator basis not unique, different conventions in use

» Constrain EFT coefficients = constrain large classes of UV theories



Important Concepts

» Comparison of size of terms linear (« ¢/A") and quadratic (< ¢?/A?")
in EFT coefficients can be test of convergence of EFT expansion

Dimension six example

CiGj dlm 6-squared i
O =0sM+ AZO'd'mG'nterf+ZU - o qa A A40'2|m8mterf+...

» Naive expectation: SM < dim-6-interf < dim-6-squared ~
dim-8-interf
» Not always the case (e.g. if interference suppressed)

» Energy scale E probed by measurement relevant: A has to be larger
than directly probed energy scale (E given e.g. by V3)
— report (and potentially restrict) energy scaled probed

» Effect of operators typically growing with (E/A)" = measure in tails

» Growth of amplitude with § can violate unitarity, different
unitarisation schemes in use



Anomalous Gauge Coupling Measurements

» In SM precision measurements at the LHC: EFT
constraints almost exclusively from anomalous
gauge coupling measurements

» Anomalous triple gauge couplings (aTGCs): Dibosons
(WW, WZ, Wy) and VBF production (Zjj, Wjj)

» Neutral triple gauge couplings (nTGCs): ZZ and Zy

» Anomalous quartic gauge couplings (@QGCs): Triboson,
VBS production of boson pairs, exclusive WW

1.4

alGCs and EFT

» alGC operators at dimension six in EFT expansion, basis choice:
0s = (D,H)'B”D,H,

Ow = (D,H)'W'D,H,
Owww = Tr[W,, W W]

0y = (DH)WHD,H,
Oimw = Tr[W, Wi We]



WZ (CMS) 1/2

CMS 35.9 fb (13 TeV)
= L A I B A CMS SMP-18-002: WZ — tve'
= —e- Data N . .
£ o » Measurements in relatively
L%’ 10° éwscw 3 clean three-lepton channel
== » Low background
, i | » Can deduce neutrino
10 -V =
oo ] momentum
1 » Limits from tails of myy
————————— distribution, where impact of
alGC largest
» Order 2/TeV? constraints on
L S cuww/N* and cy/N?, hardly
3 2? R ““ér'_E_T"_"a' bhg. e | ] sensitive to ¢z
o e e/ |
3 : L__ ]
© 1atalte _EEE_:?_ | Parameter  95% CI (expected) [TeV 2] 95% CI (observed) [TeV 7]
[a) E ‘ ‘ ‘ ‘ ‘ ] cw/A? [-33,2.0] [—41,1.1]
0 500 1000 1500 2000 2500 3000 Cwwvg//\2 (-18,19] [-20,21]
M(WZ) [GeV] /A [-130,170] [-100,160]
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http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-18-002/index.html

WZ

| 3

C,/A?

(CMS) 2/2

ms

Importance of quadratic term
studied
> Small effect for limit on ¢y
> Quadratic term dominant for
cwww and cg

35910 (13 TeV,
T T

---- Bestfit, expected
---- 95% CL, expected
Best fit, observed

——— 95% CL, observed

_'1?000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000
M(W2) cutoff [GeV]

Linear vs Quadratic

Limits using linear+quadratic terms

Parameter 95% CI (expected) [TeV 2]  95% CI (observed) [TeV 2]

cw/AN? [-3.3,2.0] [41,11]
cwww/ A? [-18,1.9] [-2.0,2.1]
cp/A? [—130,170] [—100, 160]

Linear terms only

Parameter 95% CI (expected) [TeV 2]  95% CI (observed) [TeV 2|

cw/N? [-23,34] [-22,27]
cwww/ A? [-33.2,28.6) [~13.8,41.2]
p/A? [—360,300] [—230,390]

» “Clipping” study performed as well
(ad-hoc unitarisation with sliding
cut-off)

» Restrict effect of aTGC up to a cut-off
value of M(WZ) (SM prediction and
data not affected)
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WW (ATLAS)
ATLAS STDM-2017-24: WW — evuy

S10°E 5 » More background than WZ, need to
[©) E ATLAS 4 Data2015+2016 El = A A
g o[ Vs =13 TeV, 36.1 fbo" [ Stat.® syst. uncertainty 7 suppress tt with Jet'VetO
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o n - NNLO + NLO gg— WW 7 . .
Eorob VPR » Two neutrinos in final state
s [ > Limits from unfolded leading p’
[+ E . . .
s oF fiducial cross section - validated BSM
] . .
1 terms behave as SM in unfolding
2L . .
" » Large EW correction to tail of p§
3 o,
" » Less sensitive to Oy, Oyww than WZ
ol
T
[=]

» Quadratic terms again important, in

§ articular for O
2 p www
. n n P | n
30 40 50 10° 2x10% -
Pr [GeV] Parameter ~ Observed 95% CL [TeV™2]  Expected 95% CL [TeV~2]
cwww/A? [-34,33] [-3.0,3.0]
Operator ~ 95% CL (linear and quadratic terms)  95% CL (linear terms only) cw/A? [-74,4.1] [-6.4,5.1]
cwww/A? [-34Tev2, 33 Tev 2] 79TV, 17 Tev?) B/A? [-21,18] [-18,17]
cw /A2 [-74TeV2, 4.1 Tev2] 131 Tev2, 71 Tev?]  Ciww /A’ [-16,16] [-1.5,15]
cp/A? [-21 TeV~2, 18 TeV2] [~104 TeV=2, 101 TeV2] ¢y /A2 [-76,761] [-91,91]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2017-24/

WV (CMS)

CMS SMP-18-008: WV — ¢v) (J = fat jet)
» Least clean channel - SM signal buried beneath tt and W+jets
» Higher statistics / energy reach for aTGCs
» Simultaneous unbinned fit of jet and diboson mass

CMS 35.9 fo’ (13 TeV) CMS 35.9 fb™ (13 TeV)
31400 Muon channel + oata Muon channel  oaa m
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50 5‘0 7‘0 ;El 9‘0 1(‘)0 110 12‘0 13‘0 11‘30 150 -3, 000 1500 2000 2500 3000 3500 4000 4500
mg, (GeV) m,,, (GeV)
Parametrization aTGC Expected limit ~ Observed limit
» Best sensitivity to all cwww /A2 (TV2) - [-144,147] [-1.58,1.59]
EFT cw/ A2 (TeV2) [-2.45,2.08] [-2.00,2.65]
three tested operators /A2 (TeV™2) [-8.38, 8.06] [-8.78, 8.54]

» No study on unitarity, energy scale probed, or quadratic terms
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http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-18-008/index.html

Summary of EFT Constraints from alTGC Measurement
Jduly 2019 gectar i %
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. . . . _2
aC summary plots at: http://cern.ch/go/8ghC aTGC LImItS @950/° CL [TeV ]

Presented results (highlighted) most sensitive ones, far surpassing LEP
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Beyond Dimension Six: nTGCs and aQGCs

Neutral Triple Gauge Couplings

» No neutral triple gauge couplings in SM or from dim-six operators

» nIGC operators only at dim-8 in EFT expansion
Ogy = iH'B WD, D'\H, Oww = iHW,W* (D, D'}H,
Osw iH B W {D,, D'} H,  Oss iH'B,,B* {D,, D"} H.

Anomalous Quartic Gauge Couplings

» Only at dim-8 (or higher) operators with quartic vertices but no two
or three-boson couplings

» Assumption: aQGC due to dim-6 already constrained elsewhere
» Operators affect all quartic boson couplings

Lso-1 o (D)4, Lyo-7 « (F*)2(D,P)?, Lrog o (F)*



Events/bin

Data/Pred.

ATLAS STDM-201

7-18: Z(vv)y

10* g

ATLAS
Vs=13 TeV,

jets

N =0

e
e Data
mzwy
Wjet-y
We-y
Wy
mwy, Z(ly
Ystat.0] syst.

36.1fb*

nTGCs constrained in ZZ and Zy
EFT constraints from Zy tighter

Best channel: Z — vv (large
branching ratio, no FSR)

Limits extracted from £7 > 600
GeV events, in 0-jet category

s — » Constraints of order 1/TeV*
1:2 l Parameter Limit 95% CL
l&\%\“w% %ww%w Measured [TerA] Expected [TerA]
0.8 1 [ [N (=11, 1.1) (-1.3,1.3)
0.6, ; ; : ; ; : : : Cpw /A (—0.65, 0.64) (~0.74, 0.74)
200 300 400 500 600 700 800 900 1000 1100 Cyw /A (-2.3, 2.3) (-2.7,2.7)
Cpp/A (—0.24, 0.24) (—0.28, 0.27)

Ef [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2017-18/

VBS WV/ZV (CMS)

CMS SMP-18-006: WV — ¢vJand ZV — €]
» Lepton(s) + fat jet + VBS jets final state

» As in semi-leptonic aTGC analysis: no
attempt to discover SM process, only
constraints of new physics

» Fit of myy distribution, binning as
aggressive as MC statistics permits

CMS 35.9 b (13 TeV)
2 108F T T T ]
S . —s— Observed - V + jets
> 10°¢ E
w - Top quark l:l QCD WV
4 ]
10 [ Jsmewwv  []Bkg. uncertainty
3L ]
0% sz//\‘* =-0.5 TeV*----- M. = 1000 GeV, 5n=0'5

X
» World-best limits for all operators % :
. . . o 05 ; ‘+‘
tested (no unitarisation) 050 500 2000 2500
my,, (GeV)
Observed (WV) Expected (WV) Observed (ZV) Expected (ZV)  Observed Expected
(TeV—) (TeV—) (TeV—) (TeV—) (TeV—) (TeV—)
fso/ A [~27,27] [—42,42] [—40,40] [-31,31] [F27,27] [-42,42]
for/A* [-3.3,34] [-52,52] [-32,32] [~24,24] [-3.4,34]  [-52,52]
fwo/A* [—0.69,0.69] [~1.0,1.0] [~7.5,7.5] [-53,53]  [-0.69,0.70] [-1.0,1.0]
A/ At [~2.0,2.0] [-3.0,3.0] [-22,23] [~16,16] [-2,0,21]  [-3.0,3.0]
fute/ A* [~14,14] [~2.0,2.0] [~15,15] [-11,11] [-13,1.3]  [-14,14]
v/ A* [~3.4,3.4] [-5.1,5.1] [-35,36] [—25,26] [-34,34]  [-51,5.]
fro/A* [-0.12,0.11) [~0.17,0.16] [~14,14] [-1.0,1.0]  [-0.12,0.11] [-0.17,0.16]
fri/A* [-0.12,013] [~0.18,0.18] [~1.5,1.5] [-1.0,1.00  [-0.12,0.13] [-0.18,0.18]
fra/A* [-0.28,0.28] [-041,041] [-34,34] [-24,24]  [-028,028] [-0.41,041]

15/21


http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-18-006/index.html

Summary, Comments

» All presented measurements constrain new physics in tails of
kinematic distributions (myy, pty or proxies)

» No excesses observed

» Across the board: limits greatly improved compared to Run 1
» Tightest limits from semi-leptonic measurements

» Usually limited by statistics — sensitivity will improve

» Many full Run 2 measurements ongoing: good time to think about
improvements
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Possible Improvements for EFT Interpretations (1/2)

Allow Reinterpretation of Analyses

Model independent measurements, publish HEPdata + Rivet routine

Restrict Energy Scale Probed

Barely done so far - difficult in WW, otherwise Vs (indirectly) measurable

Study importance of quadratic term

Fit without quadratic component not always performed — trivial to do!

Study Unitarisation

Unitarisation applied only sporadically

Clipping scans nowadays most popular method - useful?



Possible Improvements for EFT Interpretations (2/2)

Measure Better Observables
Improve sensitivity, in particular to interference effect
CP-odd observables for CP-odd operators?

Improve Statistical Interpretation
Combine measurements

Perform multi-parameter fits

Use Additional Models

Include more operators, e.g. in Warsaw basis?
NLO models available, too
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In the Future: (More) Global Fits?

» UV theories introduce large number of non-zero EFT coefficients,
affecting many processes = should constrain SM EFT in global fit

» Initial scope of global fit not entirely clear

» Measurements to be included: where to go from aTGCs?
~ What is a good set of operators to constrain? Which can be neglected?
~ Where do we gain when combining with top or Higgs measurements?

> How to include EW precision data? Where can we improve on it?

» Models and tools exist to start endeavour

~ Warsaw basis includes all dimension six operators

~ Implemented in SMEFTsim, partially also in SMEFT@NLO, Powheg

» Useful MC generator features make simulation feasible: e.g.
MadGraph reweighting and interference integration
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Possible Global Fit Strategy (for SM measurements)

» Use LO SMEFT implementation
» Focus on dimension six, include as many operators as feasible/useful
> LO: Keep things simple, apply k-factors as appropriate

» Rely on unfolded measurements where possible
» Standard way to present SM physics results anyway
~ Reduces need for CPU expensive detector simulation

» Fit both linear and linear+quadratic terms
~ Both seems to be of interest, quadratic effect at least as uncertainty
> Quadratic terms increase simulation effort significantly

Case for Fit by Experimental Collaborations

If published unfolded measurements used, why EFT fits in
experimental collaborations? (all information available outside)

» We know our measurements best

» Resources available

» Fits can help guide measurements strategy

» Makes sure all relevant information is published



Conclusion

» At the LHC: EFT fits in EW precision measurements (so far)
synonymous with anomalous gauge coupling measurements

» Many measurements with 2015+16 data published, much improved
sensitivity to anomalous couplings w.r.t. LHC Run 1 (and LEP)

» Analysis of full Run 2 dataset in progress

» Some obvious points where measurements and their
interpretations can be improved

» Longer term: should move towards combinations and perform more
global EFT fits (also within experimental collaborations)
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Oct 2018 cMs —

Channel Limits JLdt s

hv — Zy(lly,vvy) [-9.5e-04, 9.9e-04] 203 1b* 8Tev
3 H 2Zy(wvy) [-3.7e-04, 3.7e-04] 36.1 b7 13 Tev

_— 2Zy(llyvvy) [-2.9¢-03, 2.9¢-03] 5.0 7Tev

[ i Zy(ly) [-4.6e-03, 4.6¢-03] 19.51b* 8Tev

— 2Zy(uvy) [1.1€-03, 9.0e-04] 19.61b* 8Tev

hz — Zy(lly,vvy) [-7.8-04, 8.6e-04] 203 1b* 8Tev
3 H Zy(vvy) [-3.2¢-04, 3.3¢-04] 36.1fb" 13 Tev

— Zy(lly,vvy) [-2.7e-03, 2.7e-03] 5.0 7Tev

L i Zy(ly) [-3.8e-03, 3.7e-03] 1951 8Tev

— 2Zy(vvy) [1.5e-03, 1.6e-03] 19.6 b 8Tev

W H 2Zy(llyvvy) [-3.2€-06, 3.2€-06] 203 1" 8Tev
4 [] 2Zy(wvy) [-4.4€-07, 4.3¢-07] 36.1fb" 13 Tev

[ — 2Zy(llyvvy) [-1.5e-05, 1.5¢-05] 50" 7Tev

k ! Zy(ly) [-3.6e-05, 3.5€-05] 195" 8Tev

| 2Zy(wvy) [-3.8e-06, 4.3¢-06] 19.6 fb™ 8Tev

hZ H Zy(lly,wvy) [-3.0e-06, 2.9e-06] 203" 8Tev
4 L] Zy(wvy) [-4.5€-07, 4.4e-07] 36.1fb" 13 TeV

_ 2Zy(llyvvy) [1.3¢-05, 1.3¢-05] 501" 7Tev

_ Zy(ly) [-3.1e-05, 3.0e-05] 195" 8Tev

— Zy(vvy) [-3.9e-06, 4.5e-06] 19617 8TeV

1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 1 1 1 1
-0.5 0 0.5 1 15 x10%(h),

aTGC Limits @95% C.L.  xw0*h)
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Summary of nTGC constraints - ZZV

cMs —
May 2019 ATLAS
ATLAS+CMS — Channel Limits JLdt s
I i 77 (41,212v) 15602, 1.56-02 467 7TeV
fy | — | ZZ (41,212v) -3.8e-03, 3.8e-03] 20.3fb* 8TeV
4 — 27 (4)) -1.8e-03, 1.8e-03 36.1 b 13 Tev
— 27 (212v) -1.2e-03, 1.2e-03 36.1 fb" 13 TeV
—_ 27 (41) -5.0e-03, 5.0e-03 19.6 fb* 8Tev
[ — 27 (212v) -3.6e-03, 3.2¢-03 24.7 fo* 7,8 Tev
— 22 (41,212v) -3.0e-03, 2.6e-03 247" 7.8 TeV
— 27 (4)) -1.2e-03, 1.3e-03 35.9 b 13 Tev
— ZZ (41,212v) -1.0e-02, 1.0e-02] 9.6 7TeV
F ' 27 (@1,212v) -1.3e-02, 1.36-02 4617 7TeV
# — 2z (4,212v) -3.3e-03, 3.2¢-03] 203 fb* 8Tev
4 — 27 (4)) -1.5e-03, 1.5€-03 36.1 fb 13 TeV
— 27 (212v) -1.0e-03, 1.0e-03 36.1 fb" 13 TeV
— 27 (41) -4.0e-03, 4.0e-03 19.6 b 8TeV
— 27 (212v) -2.7¢-03, 3.2¢-03 24.7 fo* 7,8 Tev
— 22 (41,212v) -2.1e-03, 2.6e-03 247" 7.8 TeV
— 27 (4)) -1.2e-03, 1.0e-03 35.9 fb 13 Tev
| — ZZ (41,212v) -8.7e-03, 9.1e-03] 9.6 7 TeV.
F ] 27 (41,212v) 1.66-02, 1.56-02 467 7TeV
fid [ T 27 (41,212v) -3.8¢-03, 3.8¢-03] 203 b 8Tev
5 — ZZ (4) -1.8e-03, 1.8e-03] 36.1fb" 13 TeV
- ZZ (212v) -1.2e-03, 1.2e-03] 36.1fb" 13 Tev
—_ 27 (4l) -5.0e-03, 5.0e-03 19.6 fb™* 8TeV
[ I 27(212v) -3.3¢-03, 3.66-03 247 b 7,8 Tev
— 27(41,212v) -2.66-03, 2.7€-03] 247 1b" 7,8 Tev
— 27 (4)) -1.2e-03, 1.3e-03 35.9 fb" 13 TeV
_— 27 (41,212v) -1.1e-02, 1.1e-02) 9.6 fo 7 Tev
I i 77 (@1,212v) 1.3e-02, 1.3e-02 467 7TeV
# — 27 (41,212v) -3.3¢-03, 3.3¢-03 20.3 fb* 8Tev
5 | e | ZZ (4) -1.5e-03, 1.5e-03] 36.1fb" 13 TeV
H ZZ (212v) -1.0e-03, 1.0e-03] 36.1fb" 13 Tev
| S| 27 (41) -4.0e-03, 4.0e-03 10.61b* 8Tev
— 27 (212v) -2.9e-03, 3.0e-03 24.7 fo* 7,8 Tev
— 27 (41,212v) -2.26-03, 2.3¢-03 247 10" 7,8 Tev
— 27 (4)) -1.0e-03, 1.3¢-03 35.9 fb* 13 Tev
I }—'—{ FZ (41,212v) -9.1e-03, 8.9&71)3 9.6 7 ]'eV
L L L 1 1 L L 1 L 1 L I L L
-0.02 0 0.02 0.04 0.06

aTGC Limits @95% C.L.
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Summary of aQGC constraints - scalar parameters

May 2019

foo IN

[N

—200

Channel Limits JLdt s

s WW [-3.8+01, 4.0e+01] 19.4 1" 8Tev
55 WW [-7.7e+00, 7.7e+00] 35917 13 Tev
wz [-2.6e+01, 2.8e+01] 3590 13 Tev
WV ZV [-2.7e+00, 2.7e+00] 35.9 b7 13 Tev
ss WW [-1.2e+02, 1.2e+02] 19.4fb™ 8 TeV
ss WW [-2.2e+01, 2.2e+01] 35.9fb™ 13 Tev
Wz [-4.1e+01, 4.3e+01] 35.9fb™ 13 Tev
WV ZV [-3.4e+00, 3.4e+00] 35.91fb™ 13 TeV
. | . . . | .

200 400
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Summary of aQGC constraints - mixed parameters

MS
July 2019 ATLAS ':l Channel Limits SLdt s
A — WVy -7.76+01, 8.1e+01] 19307 B TeV
MO — zy -7.1e+01, 7.5e+01 197 fb* Tev
— zy -1.9e+01, 2.0e+01] 35910" 13 TeV.
— 2 -7.6e+01, 6.9e+01 202 fb* 8TeV
— -7.7e+01, 7.4e+01 19.7 fo* 8Tev
H 55 WW -6.0e+00, 5.9¢+00) 359 b 13 TeV
H wz -9.1e+00, 9.1€+00) 359fb* 13 Tev
— Yy —Ww -2.8e+01, 2.8e+01, 202 fb* 8Tev
H Yy —WW -4.2e+00, 4.26+00) 24.7b* 7,8 Tev
1 wy -6.9e-01, 7.0e-01] 5.9 bt 13 TeV.
£ INE | e ——— WVy' -1.3e+02, 1.2e+02] 19.3fb " 8TeV
M1 I 1 zy -1.9e+02, 1.8+02] 19.7 by 8 Tev
— zy 4.86+01, 4.7e+01 359 fp* 13 Tev
7y -1.5e+02, 1.56+02] 20.2 fb* 8TeV
—_——— Wy -1.2e+02, 1.3¢+02] 19.7 fb* 8Tev
[=] 58 WW -8.7e+00, 9.1e+00] 35.9fb* 13 TeVv
H WZ -9.1e+00, 9.4e+0( 35.9fb* 13 TeVv
_— Yy —WW -1.1e+02, 1.0e+02] 20.2 b 8Tev
i Yy - WW -1.6e+01, 1.6e+01] 247 fb* 7.8Tev
] WV ZV. -2.0e+00, 2.1e+00) 359fb* 13 TeV
INe — WVY 5.76+01, 5.76+01] 20207 8TeV
M2 [ a— 2y -3.2e+01, 3.1e+01] 19.7 b 8 TeV
HH 2y -8.2e+00, 8.0e+00] 35917 13 TeV
— 2y -2.7e+01, 2.7€+01] 20217 8 TeV
— Wy -2.6e+01, 2.6e+01] 19.7 fo* 8TeV
£ INY — WVy -9.5e+01, 9.8e+01] 20.2fb " 8TeV
M3 [ zy -5.8+01, 5.9+01, 197" 8Tev
— zy -2.1e+01, 2.1e+01] 359" 13 TeV.
] zy -5.2+01, 5.2+01, 202 fb* 8Tev
— Wy -4.3e+01, 4.4e+01] o’ 8TeV
£ INY | ————————m—] WVy -1.3e+02, 1.3e+02 20.2fb TeV
M4 — zy -1.5e+01, 1. 6e+01] 359" 13 TeV.
— Wy -4.0e+01, ] 1970 8TeV
I F 1 WVy 2.0e+02, 2. Ge+as 20207 8TeV
M5 — zy -2.5e+01, 2.4e+01 359" 13 TeV.
| | Wy -6.5e+01, 6.5e+01 197" TeV
I — Zy -3.96+01, 4.06+01 3597 13TeV
M6 —_— Wy -1.3e+02, 1.3e+02] 197 fb* 8Tev
H 55 WW -1.2e+01, 1.2e+01] 3591 13 TeV
1 WV ZV. -1.3e+00, 1.3e+00) 359 fp* 13 TeV
I — y 6.16+01, 6.36+01 35910 13TeV
M7 wy -1.6e+02, 1.6e+02] 19.7 17 eV
[ ssWW -1.3e+01, 1.3e+01] 35910 13 TeV.
1 1 | 1 1 " 1 1 | wvzv, 3|49+00| Q'AE*PO 1 | 359b 13 Tev |

aC summary plots at: http://cern.ch/go/8ghC

aQGC Limits @95% C.L. [TeV™]



Summary of aQGC constraints - transverse parameters

cMs
July 2019 ATLAS I:| Channel Limits JLdt is
A —— WWW -1.26+00, 1.26+00) 35977 13TeV
o0 —_ zy -3.8e+00, 3.4€+00) 19.7 fo 8Tev
[ zy -7.4e-01, 6.9e-01] 35910" 13 TeV.
— 2 -3.4e+00, 2.9e+00) 292 0" 8TeV
_ -5.4e+00, 5.66+00) 19.7 fo* 8TeV
—_ sSWW -4.2e+00, 4.6€+00) 19.4 fo* 8Tev
HH ss WW -6.2e-01, 6.5e-01] 35.91fb* 13 TeV
— wz -7.5e-01, 8.1e-01] 359" 13 Tev
H 7z -4.6e-01, 4.4e-01] 35917 13 TeV
i wy -1.2e-01, 1.1e-01] ' 13 TeV.
N —- WWW -3.3e+00, 3.3e+00] 35.9fbT 13TeV
T _ zy -4.4e+00, 4.46+00) 19.7 fb* 8Tev
— zy -1.2e+00, 1.16+00) 359 fp* 13 Tev
_ -3.7e+00, 4.06+00] 197" 8TeV
— sSWW -2.1+00, 2.4e+00] 194" 8TeV
H S5 WW. -2.8¢-01, 3.1e-01] 359" 13 TeV
H wz -4.9e-01, 5.56-01] 359fb" 13 TeV
H 2z -6.1e-01, 6.1e-01] 3591h" 13 TeV
] WV ZV -1.2e-01, 1.3e-01] 359 b 13 TeV.
A — WWW -2.7e+00, 2.66+00) 35917  13TeV
T2 I 1 zy -9.9¢+00, 9.0e+00] 19.7 fb 8Tev
[ — | 2y -2.0e+00, 1.9e+00] 35917 13 TeV
[} ] Wy -1.1e+01, 1.2e+01] 19.7 b 8 TeV
_ ss WW. -5.9e+00, 7.1e+00] 19.4fb™ 8Tev
[ | ss WW -8.9e-01, 1.0e+00] 35.9 fb* 13 TeV
— wz -1.5e+00, 1.9e+00] 359" 13 TeV.
| 7z 2e+00] 35.9fb” 13Tev
H WV ZV 01 01 35.91h" 13 TeV
f_INY F i Yy e+ 20.3 b 8TeV
s [} zy -7.0e-01, 7.4e-01] 359" 13 TeV
e | Wy -3.8e+00, 3.8¢+00) 197 b TeV
In — Zy ~1.66+00, 1.76+00 35907 13TeV
6 | Wy -2.8e+00, 3.0e+0 1970 Tev
A — Zy -2.66+00, 2.86+0 35907 13TeV
T7 | ————— Wy -7.3e+00, 7.7e+0( 19.7fb™ 8 TeV
A — 7 -1.86+00, 1.86+0 197 fo” 8TeV
T8 H 12 -4.7e-01, 4.7e-01] 35910" 13 TeV
— 2 -1.8e+00, 1.8e+00] 202 fo* 8Tev
— -8.4e-01, 8.4e-01] 359 o 13 TeV.
N I——— | 7.4e+00, 7.46+00) 203107 8TeV
To [ J2 -4.0e+00, 4.06+00) 19.7 fo* 8Tev
— 2 -1.3e+00, 1.3e+00] 359fb* 13 Tev
—_ I2 -3.9e+00, 3.9e+00] 2021b 8Tev
| , , . —— . . z | 1.8p+00, 1.8¢100] L 359p 13 Tev
aC summary plots at: http://cern.ch/go/8ghC aQGC Limits @ 95% C.L [TeV 4]
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