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INTRODUCTION J 7

= View SM as low-energy approximation of a more fundamental theory
= Search for BSM using precision measurements

Effective Field Theory Lagrangian
e Systematic way to parameterise deviations from SM in
measurements

A ~ O(TeV)

Using higher-dim operators Ol(d) suppressed by powers
of A
Constraints set on associated Wilson Coefficients cfd)
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A WIDE VARIETY OF RESULTS

Even when rejecting Baryon/Lepton-number-violating dim. 5 and 7 operators
Dim-6: 2499 operators for AB = 0 and Ny =3

Reduced to O(30) in flavour-universal scenarios
Main focus of current interpretations

Dim-8: 36971 operators...
= Non unique choice of operators — different choices of bases
= Each single measured observable depends on several coefficients

Warsaw basis

top EW

Fortunately (~ ——Diboson—— \

e Numerous measurements at our disposal W A%

e In particular, great interplay between Elec- chD O) Chs
troweak, Higgs boson and Top-quark measure- Chun Cuws C’f” Cu o, Cow
ments to probe the SMEFT o Cu. Cil Cil co || e
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J. Ellis et al, JHEP 04 (2021) 279
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https://arxiv.org/abs/2012.02779

TOP-QUARK MEASUREMENTS



SINGLE TOP-QUARK POLARIZATION
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PATLAS

EXPERIMENT

—
o ——

ATLAS-CONF-2021-027 (to appear), 139fb~"

Top and anti-top polarization in t-channel

e Unfolded differential measurements of lepton decay an-
gles in a top-quark reference frame

Normalized distributions of cos 6,,, and cos 6, sensitive
to cyy and Ciyy (Warsaw basis)

e Insensitive to other SMEFT operators
e Operators appearing in both production and decay
= Impact up to quartic terms

e Results compatible with SM within 2 o
e Very insensitive to quadratic / higher-order terms

Cew Citw
68% CL 95% CL | 68% CL 95% CL
Allterms | [0.2,09] [0.7, 1.5] | [05, 0.1] [0.7, 0.2]
Order 1/A* | [0.2,0.9] [0.7, 1.5] | [0.5,-0.1] [-0.7,0.2]
Order 1/A% | [0.2, 1.0] [-0.7, 1.7] | [0.5,-0.1] [-0.8,0.2]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-027/

ASSOCIATED PRODUCTIONS

Top quark + leptons

Differential tf -+ ~ cross-section CMS-TOP-19-001, 41.5fb ™"
3 o _ '
CMS-PAS-TOP-18-010, 137fb o Probes ttH, tteZ, ttlv, tefq and tHq topologies
e Unfolded pr(v) distributions in single-lepton o Direct SMEFT fit to event yields in 35 signal re-
events with 3 or > 4 jets gions
e Interpretation: SMEFT, operators ¢z and ¢, o Simultaneous measurement of 16 Wilson Coefs

sensitive to anomalous ty vertex o Simulated events weighted by w; (/\%)
e Induce top quark EW dipole moments ) ) o

] ] o e Results consistent with SM within 2 o
e Results consistent with SM within 2 o
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-18-010/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-19-001/index.html
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ASSOCIATED PRODUCTION tt + Z, ,!;\,,mmﬁ

CMS-PAS-TOP-21-001, 138fb "
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Dedicated EFT analysis
e Analysis optimised to probe 5 coefficients

e Signal regions with 3 or 4 leptons

e Multiclass NN classifiers to enhance sensitivity to SMEFT op-
erators

e Either for 1-D constraints or for 5-D constraints

e Includes linear + quadratic terms through MC weights

3
M/M//////W/W/ﬂjlﬂflﬂ////,*y///l//////t//ll/ﬂ/ﬂ//////ﬂ// él//////)(///ﬁ
) I

Data
Pred.

F(C, /A% Gy 1A% Clyy A7) [TeV?) E

e All results compatible with SM g 8
L L W= 6F=(05,051)~(1,1,3)—tzq--Total pred.
e iz and cyy limited by stat uncertainties 2 3
. C?w' Coa and cg¢ limited by syst uncertainties 1T 2 3 4 5 6 7 8
. . . NN-5D-tZ
e Use of NN provides 20% to 75% improvement wrt counting ex- SD-2q output
periments )
1381b"' (13 TeV) 20 —~
& T T T T T S
> i — 68%CL.
Other WCs fixed to SM 5D fit 2 D Ry Tt :2 £
Expected  Observed Expected Observed % * Seilt oy
WC / A7T[TeV 7] 95% CL confi intervals ~ 10 1
¢z | [-097,096] [~0.76,0.71] [~124,117]  [-085,0.76] [$ 2
cav | [-0.76,0.74]  [~0.52,0.52] [~0.96,093]  [-0.69,0.70] 0 10
o | [F139,125] [-110,141] [~191,136]  [-1.26,143] 8
Cyq | [-286,233]  [-3.00,2.29] [~6.06,14.09]  [~7.09,14.76] 10| 6
ot | [-370,371]  [~21.65,~14.61]U[-2.06,2.69] [-16.18,10.46] [-19.15,10.34] 2 . 4
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0

-10 -5 0 5 10 152 20
Cpa/ A?[TeV?]

N. Morange (JCLab) 6/17


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-21-001/index.html

HIGGS BOSON MEASUREMENTS



HIGGS SIMPLIFIED TEMPLATE X-SECS MEASUREMENTS

{5; u} ATLAS Simulation 1
3 250 H-ZZ'—4l /0, B
5 “UF f5=13Tev (o -BY( -B), q
3 [ oeOeyHen (0B Ao B -A)]
e 2r \ / !
. . 2 \ / i
SMEFT interpretations of STXS measurements 2 s \ / 3
e Included in 139fb~"Higgs analyses £ )/ :
Z | swio N/ 5|
H — 4¢: ATL-HIGG-2018-28 |
VH H — bb: ATL-HIGG-2018-51 05

|
AT

VH H — bb in boosted topology: ATL-HIGG-2018-52 N
3 2 10 1 2 3

e o and B parameterised as function of SMEFT Wilson Coef- cn
ficients; acceptance effects included for H — ZZ* — 44

TR

o Using subset of relevant SMEFT operators 3 e T e
e VH H — bb in boosted topology: lower sensitivity to in- 3 F = samev, 1m0 *}J:Z::f’zz;mmm’
clusive WH and ZH measurements, but similar constraints AT B D ear- quacratio (0s) |
to SMEFT operators ¥ \ ; E

o . . . 2.5 i E

e SMEFT interpretations also possible from unfolded dif- 3 ]
ferential cross-section measurements: H — ~~ ATLAS- i 1
CONF-2019-029 1 ]
0.5 b
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-28/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-51/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-52/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-029/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-029/

COMBINATIONS OF HIGGS STXS MEASUREMENTS

ATLAS-CONF-2020-053, 139fb~"

e Combine STXS (1.2) measurements of H — 4+, H — 4£ and
VHH — bb

e o and B parameterised as function of SMEFT Wilson
Coefficients

o Acceptance effects included as additional corrections in
HZzZ

e Impacted by 32 operators

Cannot probe them all simultaneously
e Rotate into basis of physics-guided eigenvectors

e Simplify to 10 sensitive directions. No sensitivity to other

directions, coefficients can be set to 0.
e Results consistent with the SM

e Some differences when including the quadratic terms

ATLAS Preliminary 5= 137eV, 1301
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-053/

CMS-HIG-19-009, 137fb~"

Dedicated EFT measurementin H — 77 — 4/
channel
e Analysis optimised in each category using matrix el-
ement method
e Production and decay amplitudes parameterised in-
cluding anomalous effects
e Closely related to SMEFT in the Higgs basis under
SU(2) x U(1) assumption
e Results then translated into Warsaw basis

Study of Hgg and Htt couplings

o In combination with ttH results in H — ~~ decay

e Complementary information in ttH and ggH produc-
tions for k¢, point-like cgg and CP-odd counterparts

Study of HVV couplings

e Probes 4 couplings in Higgs basis, including CP-odd
term Czz

e Translated into linear combination of 9 terms in War-
saw basis

N. Morange (1)CLab)
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http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-009/index.html

ELECTROWEAK MEASUREMENTS



DIBOSON MEASUREMENTS: W~y

EXPERIMENT

Differential W~ cross-section
CMS-SMP-20-005, 137fb "

g vy e 2D differential cross-section in pr(vy) and in
the azimuthal angle of the lepton in a center-

W+ of-mass frame of the W~ system

Vas e Sensitivity to the Owww operator

e Importance of the large ~ boost

e Significant enhancement from the ¢ mea-
q o surement: overcomes helicity suppression of
interference term

Fiducial W~ cross-section 13717 a3 TeV)
CMS-SMP-19-002, 137fb ™" T a0l g e s ]
. i iy = 9% CL Sieint. only
o Cross-section from my,, fit =2 v SMint. only, no gbinning
. ) . - 959% CL SMint. only, o gbinning
e High tail of pp(~) used to set limit on 4 SMEFT O 5 1
coefficients (HISZ basis)
Coefficient Exp. lower Exp. upper Obs. lower Obs. upper
cwww /A —085 087 ~0.90 091
cg/A? —46 45 —40 41
cww/N? —043 043 —045 045 51 1
/A 23 2 20 20
10 ]

. . .
500 1000 1500
p¥ cutoff (GeV)
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http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-19-002/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-20-005/index.html

DIBOSON MEASUREMENTS: ZZ

Inclusive pp — 4¢
ATL-STDM-2018-30, 139fb "

ATLAS full model
e Inclusive selection pp — 4€ to probe Z — 4, (5=13 TeV, 139 fy? === Expected 95% CL —— Observed 959% CL
Coeff. Observable Draw Scale Obs. 95% interval
H — 4¢ and Z2Z G ma = T X7 [-0.20,-0.033] 0 [-0011,0013]
B B B B G My i x5 [-0.033,0.033]
e Doubly differential cross-sections in mse Vs o Lot om)
other variables G Mot —e— (-0.29,013]
Cu Pry, — % 0.05 | [-2.6,8.4]
e Individual constraints to 22 coefficients in War- G B0 —— x0.05| [130,69] 0 [-15,44]
H Chie BPpiie e ———— [-0.70,0.20]
saw basis o ao, ——_— [-0.19,055]
. L . [ —c——— [-0.47,0.12]
e Most sensitive distribution chosen for each [T (R E— %05 [-16,045]
o) AP, — [-0.15,052]
one Cog My ——- [-051,042]
e 8 T _ Cee My ——— x0.01| [-33.0,41.0]
° §\gmﬁcant impact of quadratic terms for 4 - - [ewos
fermion operators g my [-041,037]
Co My — % 0.02 | [-21.0,26.0]
I 225Gev. G My —————— ¥ 0.02 | [-20.0,25.0]
3 o o a0, — [-0.18,049]
§ TR met. Ee B N oyt
2 V() wv oy my, —— x4 [-0.064,0.080]
2 Background G, my o —— % 2| [-0.16,0.20]
Coo  Ma — x2|[-0.11,0.14]
-1 —6,5 0 0‘.5 1
On-shell pp — 27
2 CMS-SMP-19-001, 137fb "
§ e See backup
]

50100 150 200°
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-30/
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-19-001/index.html

DIBOSON MEASUREMENTS: WZ

CMS_Preliminary 137.2 b (13 Tev)
L R (S
. . . .. d
WZ Differential cross-sections and polarization i E
angles i3 E
CMS-PAS-SMP-20-014, 137fb " i i
e Study of leptonic decays of WZ events s b
e Measurements of kinematic distributions, of charge i : i
asymmetry and of polarization coefficients L e T \0’{\5 5 rwwl;
. . . . . 1
e SMEFT interpretation uses my; observed distributions T[W}
Simultaneous fit to cw, cwww and ¢y
cMS preminary 13721 (13 Te

Large impact of quadratic terms on ¢, and cyww
Sensitivity coming from high-my;; regions

L]
e Simultaneous fit to CP-violating ¢y and Cyww
L]
L]

CollB [~2.05,1.27] [~2.52,0.33] 134

Coww/ A [~1.27,1.33] [~1.04,1.19] 0.15

cp/A? [—86.0,125.0] [—42.7,113.0] 43.6 ol ~— Best i, expected
Coww/ A [~0.76,0.65] [~0.62,0.53] 0.03 b T e e
Ew/A? [—46.1,46.1] [—45.9,45.9] 0.0 95% CL, observed

| L T T T
500 1000 1500 2000 2500

M(WZ) cut-off [GeV]

N. Morange (JCLab) 12/17


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-20-014/index.html

DIBOSON MEASUREMENTS: WW

Production of WW+ > 1 jet
ATL-STDM-2018-34, 139fb "

e Differential cross-sections measured for sev-

eral kinematic variables

e Unfolded me,, used to set constraints on cy co-

efficient

e Linked to aTGC
e Effect suppressed at interference-level

WW measurements

CMS-SMP-18-004, 36fb "

e Fiducial and differential measurements of kine-
matic variables

e SMEFT constraints from fit to observed me,, dis-
tribution in 0- and 1-jet categories
e Constraints on cyww, cw and cg
e Fitted individually or two at a time

e Hard jet requirement reduces the suppres-

sion
e Still dominated by quadratic term

—— ——
ATLAS —— 68% CL
Vs=13TeV, 139 fo™* 95% CL

L et —— Linear

PP Hvl —— Linear + Quadratic
p¥' > 30 Gev 1

pf‘ > 200 GeV 1

4
/N [Tev?]

N. Morange (JCLab)

Coefficients  68% confidence interval ~ 95% confidence interval
(TeV2) expected  observed  expected  observed
cwww/A? [~18,18] [-093,099] [-27,27] [-18,18]
cw/A? [-37,27] [-20,13] [-53,42] [-3.6,28]
g/ [~94,84] [-51,43] [~14,13] [-94,85)
CMs 359" (13 Te
£ Nonprompt +Data
= 10°F vz \Pred. unc. g
2" w w
g 10'E  Cy /N = 3.2 Tev 2 lH(125)
w wey N =49Tev? U
0 “CyA? = 15 Tev? Drell-Yan 7§
10°

Data/Pred.

200 400 600 800 1000 1200
m, [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-34/
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-18-004/index.html

DIBOSON + HIGGS: WW

Combination of WW and H — WW* measurements
ATL-PHYS-PUB-2021-010, 36fb "

e Combined fit of signal strengths of ggH and VBF in
H — WW* and of unfolded differential cross-sections
of piead-1eP-in WW events in the 0-jet channel.

e WW CR in HWW analysis removed (orthogonality)
e SMEFT measurement in Warsaw basis

Many operators affecting the measurements
Parameterise the signal strengths as function of EFT
coefficients

Acceptance effects included when needed

e Complementary sensitivity of WW and H — WW*

e Rotation to physics-guided eigenbasis to probe 8
sensitive directions

e Stepping stone for more global EFT combinations

ATLAS Preliminary —— HWW+SMWW
ST 381 i @ S
SMEFT A = 1 TeV. ——swww
@ ——
A 4
. o . S
-0.04 -0.02 0.02 0.04 -06 -04 -02 02 04 06

N. Morange (JCLab)

ATLAS Preliminary

— 68%CL
V5=13TeV, 36.1fb" s 95 % CL
SMEFT A =1Tev  BestFit
1
Pbucun
—0.04 -0.02 0 0.02 0.04
T T T T
1) S
CIHIW,//“)
C[l] .
Tl 1,1 HolHu, Hafh Hef®
&
g i1, el Hu, Hat™ Hg)
. . , |
-2 -1 0 1 2
ow —_—
2 N P—
B
513] ——— e
lu I, Igf) Il Hdl Hu, Hg(") Hg®)
di —
T It Igf) Il Hdl Hu, Ha(") Hg®)
-30 -20 -10 0 10 20 30
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-010/

ELECTROWEAK PRODUCTION OF DIBOSON AND DIJETS

Common approach for EW production of diboson + dijets

o Analyses sensitive to (anomalous) quartic gauge couplings

e Probe dimension-8 effective operators Sx (derivative of the Higgs
field), Tx (constructed from SUy,(2) gauge fields) and Mx (involving
both Higgs and SUy,(2) gauge fields)

Measurements in many final states by CMS
WZjj and WWjj: CMS-SMP-19-012, 137fb "
Wrjj: CMS-SMP-19-008, 36fb "

ZZjj: CMS-SMP-20-001, 137fb~" Parameters  Obs. limit Exp. limit  Upoyng
4 — —
Z~jj: CMS-PAS-SMP-20-016, 137fb " %.%4 [[_“é'fﬁl [[_ﬁfﬁl "
1 s ’ .
e Fits to myy distributions (sometimes 2-D with mj;) §M1§22 {—ii,ii} {—ig,iﬂ }g
o Limits usually with/without cut-off at unitarity limit of 1.5 TeV Pu/At [-5050] [-47.47] 15
4 _
e Different final states probe complementary operators %’:”4 [[*%2:?53]] [[*71?:?57]] i:g
fuz/A* [-21,200  [-19,19] 13
CMS Preliminary 137 b (13 TeV) fro/A* [-0.6,06] [-06,06] 14
5 T v R frai/A* [-04,04] [-03,04] 15
3 Mveszy onertig. fra/A* [-10,12] [-10,12] 15
5 Mocozy  —F0drTer! frs/A* [-05,05] [-04,04] 18
w — F;g=0.91 TeV"
fre/A*  [-04,04] [-03,04] 17
frz/A* [-09,09] [-08,09] 18
N. N\orange (IJCLab) 0.15-01. 0.4-0.6 ' 0.6-0.8 ’ 0.8-1.0 : 1012 12 ,‘5/17
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http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-19-012/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-19-008/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-20-001/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-20-016/index.html

TRIPLE GAUGE BOSON MEASUREMENTS

EXPERIMENT

CMS Preiiminary 137 b (13 Tev)
° . Data
2 Zyy
[ Others
I Misid. jets
— f/A*=10 Tev*

Events / bin

JVA

M f W dz ///
easurements o Yy éq 7y processes /////%W///////////////////////////
CMS-PAS-SMP-19-013, 137fb V 7727777

Utrisninsstn A

e Measurements of fiducial cross-sections

e Observed p7” distributions fitted to extract g W‘E I
aQGC constraints R S e
Pl [Gev]
Constraints on aQGC
e Nice complementarity of all EW VVjj and of Wy (T Ty (T
trip[e gauge boson measurements Parameter  Expected Observed Expected Observed
. X fup/ N [-57.3,571] [-39.9,39.5] - -

o All results consistent with SM Fua/A* [-91.8,926] [—6338,65.0] - -
fro/A*  [~1.86,1.86] [-130,130] [-4.86,4.66] [-5.70,5.46]
fra/A* [-2.38,2.38] [-170,1.66] [-4.86,4.66] [-5.70,5.46]
fra/A*  [-5.16,5.16] [-3.64,364] [-9.72,932] [-114,109]
frs/At [-076,0.84] [-0.52,060] [-2.44,2.52] [-2.92,292]
fre/A* [-092,1.00] [-0.60,0.68] [-3.24,3.24] [-3.80,3.88]
fro/At [-164,172] [-1.16,1.16] [—6.68, 6.60] [-7.88,7.72]
fra/At - - [~0.90,0.94] [~1.06, 1.10]
fro/A* - [~1.54,1.54] [-1.82,1.82]
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-19-013/index.html

CONCLUSIONS J 7

EFT measurements are becoming more and more common in Electroweak, Higgs
boson and Top-quark analyses
e Wealth of measurements, complementary to probe subtle effects of higher-energy BSM physics
e All results compatible with the SM so far
e Getting a more complete picture would involve interpreting all these measurement simultane-
ously
e Notasmall task!
o Diversity of SMEFT measurements: unfolded distributions vs Higgs STXS vs reconstructed dis-
tributions
Diversity of interpretation frameworks, of EFT basis, methodologies, profiled vs constrained
parameters
Treatment of higher-order effects (quadratic terms) ? Dimension-8 operators ?
= Hot topics for LHC EFT WG'!

N. Morange (JCLab) 1707
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PRECISION TOP-QUARK STUDIES PATLAS

[ ATLAS Preliminary  (s=13Tev, 139 fb™ |

. . - [ . it
Differential measurements of tt charge asymmetry jd'“‘,"e”“a'lAC"S;NzNiOfC'f *NLOEW
ATLAS-CONF-2019-026, 139fb4 m, interval N? —AT4 AT 68% C.L. limits

> 1500 Gev ——,

e Unfolded tt central-forward charge asymmetry Ac in

single-lepton channel: 1000 - 1500 Gev oy
N(|Deltaly| > 0) — N(Aly| < 0) 750 - 1000 Gev
= 500 - 750 GeV' —%

N(Aly| > 0) + N(Aly| < 0)
with Aly| = |yt] — Iyl

0-500GeV e

e Interpretation: SMEFT, difference between octet and sin- [ etete i
; - _ A 2 : t J
glet ATferm|on operators C~ = C' — C* (assuming equal [ L1 combination 1
couplings to up- and down-type quarks) [ PP TeY, HEP 1801 (2019 099 —
X ) X F Tevatron i 1 4
e Strong constraints from high-mg bins t “""%"‘V“”“’Z""‘“‘“’“""’m‘ . | —

AT RN SR AN SNAVANEN AR

e Results consistent with SM -8 -6 -4 -2 0 2 4
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-026/

DIBOSON MEASUREMENTS: ZZ ATLAS

CMs 137 fb” (13 TeV)

,_g T T T T T T T E

— —e— Data 1

2 w222 1

Q i B g0 222y E

w Bl 2z 2jets EW E|

[ Jdzvw ]

-Z+X 1

¢ EH-2zz i

Lo =0,if=00015

On-shellpp -2z [ L e 1
CMS-SMP-19-001, 137fb " " 3
e pp — ZZ — 4€ analysis with on-shell Zs ]
e Differential mz7 distribution used to set limits 500 o [ésg\‘}]

zz
on aTGC parametrers
e Results also expressed in terms of SMEFT pa- Expected 95% CL_ Observed 95% CL

rameters aTGC parameter x10~F x107%
Jrz 88,83 -6.6;6.0

2 -8.0;9.9 55;75

o -9.9;95 7.8;7.1

f 9298 6.8;7.5

EFT parameter Tev—* Tev

Cow/A* -3.1;33 23,25

Cyww/A* -1.7;16 -14;12

Cpw/A* -1.8;19 1413

Cpp/A* -16;1.6 -1.2;12
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http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-19-001/index.html

ELECTROWEAK PRODUCTION OF DIJETS AND OF A Z BOSON

Electroweak Zjj analysis
ATL-STDM-2017-27, 139fb~"

e Topology with central Z — ¢¢ and forward jets

. N . . . N ATLAS Simulation VE=13TeV, EW Zjj-/ljf
e Unfolded 1D differential measurements in kinematic vari- § Ml - ZRe(abuta) Ml + ZRe(ubte)
ables é 0.3 |EF=0zTev ]
. . E 0.0 —’:J,— ﬁ
e SMEFT Interpretation: Warsaw basis TH
-03
o Large sensitivity of cw, Cw, Chws and Chwe to Agy; dis- o3 [Erm=oreer]
tribution 00 Y MHJ L
e Test of CP invariance of gauge boson self-interaction 08 =
e Lower sensitivity to cyww (in HISZ basis) than other oa Bt =rae] 1
analyses, but very small impact of quadratic terms 00 s
03
Wilson  Includes 95% confidence interval [TeV—2]  p-value (SM) 0 Bea IR L
coefficient | Mgg|? Expected Observed
cw/N no [-0.30, 0.30]  [-0.19, 0.41] 45.9%
yes  [-0.31,0.29] [-0.19, 0.41] 43.2%
Zw/A? no [-0.12, 0.12]  [-0.11, 0.14] 82.0% =
yes  [=0.12,0.12]  [0.11, 0.14] 81.8% my eV [yl pr.i (Gev] a4
cawg/A? no [-2.45, 2.45] [-3.78, 1.13] 29.0%
yes [-3.11, 2.10] [-6.31, 1.01] 25.0%
Cuwg/A? no [-1.06, 1.06] [0.23, 2.34] 1.7%
yes [-1.06, 1.06] [0.23, 2.35] 1.6%
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2017-27/

ELECTROWEAK PRODUCTION OF DIBOSON AND DIJETS |

Observation of W~jj
CMS-SMP-19-008, 36fb "

e Stricter selections compared to the measure-
ment to enhance aQGC contributions
Measurement of WZjj and same-sign WWjj

T it e Fit of the my, distribution to constrain the co-

efficients
e Fits to 2-D distributions of mr(VV) and mj;
L . . . L Parameters Exp. limit Obs. limit U,
e Limits with/without cut-off at unitarity limit of a0/ AT [_gl 80] [=77,76] TN
15TeV fua/A [-12,12] [-1L,11] 12
_ _ , fuz/A* [-2.8,28] [-27,27] 13
B~ e Sl i fMyg/A: [-44,44] [-40,41] 15
s lawan (1514 [1e1m  tosomn fasiin fM,4/A4 [-50,5.0] [-47,47] 15
/At 27, [27, 44, 5. -1.6, 3. 23, - —
L
Jorns 571 Ee N et S - v fws/ A [-16,16]  [-1515] 1.0
o P 127,29 (2,221 258 L6822 faz/ A [-21,20] [-19,19] 1.3
fool A 135,36] 131,31] 83,85 (ol (4,3 31,31 N . !
[T P P pme Lsesl 919l fuo/A* [-06,06] [-06,06] 14

]
fui/A* [-04,04] [-03,04] 15
fuz/A* [-10,12] [-10,12] 15
fus/A* [-05,05] [-04,04] 1.8
fue/At [-04,04] [-03,04] 17
fuz/A* [09,09] [-08,09] 18
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http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-19-012/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-19-008/index.html

ELECTROWEAK PRODUCTION OF DIBOSON AND DIJETS Il ATLAS

EXPERIMENT

Evidence for ZZjj

CMS-SMP-20-001, 137fb "

e Use matrix element method to separate from
QCD production

e Fit to the my; distribution. Yield dependence
quadratic in anomalous couplings

Measurement of EW Zjj
CMS-PAS-SMP-20-016, 137fb "

e Unfolded distributions of kinematic variables

e Constraints from fit to mz, distribution in
phase space with higher p7. requirement

“Operator cocfficionts Fxpected [ToV 1] Observed [TeV—"] Froeze all syst eV Uritarty bound [TeV]
Fun/A 123,128 158,160 152,154 1T

Coupling Exp. lower Exp. upper _Obs. lower _Obs. upper _Unitarity bound Fun/AY 281,270 350,347 338,33 12
Fro/ AT —037 035 —024 022 24 fe/ ] jalle asel wen A
fr/Af —0.49 0.49 —031 031 26 R/ J300127 Q250123 an
ra/ A —098 0.95 ~0.63 059 25 Fus/Ad 22,213 214,204 18
Fuao/ A 317,320 304,308 11
frs/ &Y —0.68 068 —043 043 18 Fap/Ad 566,559 4358 a5
fro/ A4 -15 15 —0.92 092 18 Fn/A 4 620055 14
Fr/AY 081,090 0.78,0.77 15
Fra/A* 168,154 163,148 14
Fr/ns 058,06 05508 15
Fre/AY 130,133 125,129 17
1 Fro/AY 215,243 206,236 18
c B e ley P/t 047,047 46,046 15
5 + Data 3 Fro/AY 091,091 088,088 16
> mzZX
@2 a4
© >100Gev JftZ VvZ
o M 4522 CMS preliminary 137 fb (13 TeV)
i 99—2Z i " o " non-prompt
27 Wveszy Other bk

EW 2Zj
Clfr /A" =2TeV* Bcozy  — Frg047Tev*
— Fp =091 Tev*

Events / bin

01504 0406 0608 0810 1012 124

0 200 400 600 800 1000 1200 1400 m;, [Tev]
m, [GeV]
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http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-20-001/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-20-016/index.html
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