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Introduction

. . CMS Preliminary 2.3-138fb! (13TeV)
e Multi-boson processes are powerful probes of new physics, as they W, T ot
W'-WZ (vvqq, HVT model B) My [2109.08268 (138fb") 4.0
T4 M d f M bl BS M ff W'-WZ ({vqq, HVT model B) My [2109.06055 (138fb") 3.9
are sensitive to a wiae array or possible errects W2 e, 1T ol
W/-WH (qdbb, HVT model B) My [1707.01308 (35.9fb~") 3.1
W'-WH (l\)bB, HVT model B) M\ |2109.06055 (138 fb~") 4.0
W'-WH (gqtT, HVT model B) My [1808.01365 (35.9f0 1) 2.6
N W' (all final states, HVT model B) My [1906.00057 (35.9f0 1) 4.3
. N Ot Cove rEd tOd ay L d I re Ct Sea rC h es 0N Z-WW (qdqq, HVT model B) My |1206.05977 (7.3t~ ) 3.5
® 8 Z'-WW ({vgq, HVT model B) Mg [2109.06055 (13810~ ) 4.0
€ Z'-ZH ((£Z, w)bb, HVT model B) Mg |2102.08198 (1381b*) 3.7
° ° © Z'-ZH (qdbb, HVT model B) My [1707.01303 (359701 2.3
- ATLAS and CMS have extensive search programs covering many S 22 qqes, VT model
W 7' (all final states, HVT model B) Mz |1906.00057 (35.91b~") 3.7
| M b ﬁ | E V'-WV (qgqq, HVT model B) My |1906.05977 (77.310=") 3.9
multi-boson final states £ Vo (935, HVT model )
8 V'-VH (qqtT, HVT model B) M\ |1808.01365 (35.910~") 2.8
° ° . ° ° © V' (allfinal states, HVT model B) My |1906.00057 (35.910~") 4.5
- Sofar, no compelling indication of new physics 8 kG (1w s s
QO Bulk G»ZZ (Uvv) Mg |1711.04370 359 1) 0.8
Bulk G-»ZZ (££qq) Mg |1803.10003 (35.90~%) 0.9
Bulk G-ZZ (vvqq) Mg |2109.08268 (1381b~") 1.2
Bulk G—HH (bbbb) Mg |B2G-20-004 (13810~ 1.2
. ° . . Bulk G=HH (fvqdbb, £vivbb) Mg |B2G-20-007 (13810~ 1.4
e = How can we probe for indirect evidence of NP in our SM o
Radion R—»HH (qgttT, A=1TeV) Mg [1808.01365 (35.9f0~*) 2.7
Radion R—HH (bbbb, A = 3TeV) Mp, [B2G-20-004 (13810 2.6
m ea S u re m e n tS ? Radion R—HH (Zvqdbb, fvivbb, A = 3TeV) Mg |B2G-20-007 (138107 2.2
°
T — N
ATLAS Diboson Searches - 95% CL Exclusion Limits ATLAS Preliminary
I . f h . I k. Status: June 2021 £=(36.1—139) fb! Vs=13TeV
‘ O u t I n e O t I S ta ° Model Channel® Strategy” Limit Reference
Bulk RS (krre = 35, Ar = 3TeV) R — WW,ZZ - wqq, {vqq, (qq resolved, boosted I I I Eur. Phys. J. C 80 (2020) 1165
° ° ° ° Bulk RS (knre = 35, Ag = 3TeV) R— WW,ZZ - qqqq boosted JHEP 06 (2020) 042
- Introduction & motivation for EFT analysis g oo
ASBN  RS1 (k/Mp; = 0.05) Gik = vy resolved arXiv:2102.13405
é RS1 (k/Mp; = 0.1) Gk = vy resolved arXivi2102.13405
1 M E Bulk RS (k/Mp = 0.5) Gri — WW — evay resolved [ 0.20.75TeV] Eur. Phys. 4. G 78 (2018) 24
- Anomalous triple gauge couplings (aTGCs)
Bulk RS (k/Mp; = 1.0) Gk = WW — evuy resolved Eur. Phys. J. C 78 (2018) 24
Bulk RS (k/Mp; = 1.0) Gkk —» WW, ZZ — vvqq, tvqq, tlqq resolved, boosted Eur. Phys. J. C 80 (2020) 1165
° . Bulk RS (k/Mp; = 1.0) Gk > WW, ZZ — qqqq boosted JHEP 06 (2020) 042
- Neutral triple gauge couplings (nTGCs)
HVT (gr = —0.55, gy = —0.56) W' — WZ — vvqq,{vqq, tlqq resolved, boosted Eur. Phys. J. C 80 (2020) 1165
HVT (gr = —0.55, gy = —0.56) W’ — WH - {vbb resolved, boosted ATLAS-CONF-2021-026
- Quartic gauge couplings (QGCs)
HVT (gr = -0.55, gy = —0.56) W’ — WH — qqbb boosted Phys. Rev. D 102 (2020) 112008
HVT (gr = -0.55, gy = -0.56) Z' — WW — evuy resolved Eur. Phys. J. C 78 (2018) 24
. . . HVT (gr = ~0.55, gy = ~0.56) 7' WW - tvaq resolved, boosted Eur Phys. . C 80 (2020) 1165
- C O m b I n e d E FT I n te r p reta t I O n B VT (g =055 g = ~0.56) 2/ = ZH — yvbb, ¢Cbb resolved, boosted N ¥ T X5 Y] ATLAS.GONF 2020043
§ HVT (gr = -0.55, gy = -0.56) Z' > WW - qqqq boosted JHEP 06 (2020) 042
8 HVT (gr = -0.55, gy = —0.56) Z' - ZH — qqbb boosted Phys. Rev. D 102 (2020) 112008
% HVT (gr = 0.14, gy = -2.9) W' — WZ — o't resolved Phys. Lett. B 787 (2018) 68
V) HVT (gr = 0.14, gy = -2.9) W' — WZ - vvqq, {vqq, ttqq resolved, boosted Eur. Phys. J. C 80 (2020) 1165
HVT (gr = 0.14, gy = -2.9) W’ — WH — tvbb resolved, boosted ATLAS-CONF-2021-026
HVT (gr = 0.14, gy = —2.9) W’ — WZ - qqqq boosted JHEP 06 (2020) 042
HVT (gr = 0.14, gy = -2.9) W’ — WH — qqbb boosted Phys. Rev. D 102 (2020) 112008
HVT (gr = 0.14, gy = -2.9) Z' - WW — tvqq resolved, boosted Eur. Phys. J. C 80 (2020) 1165
HVT (gr = 0.14, gy = -2.9) Z' — ZH — vvbb, ttbb resolved, boosted ATLAS-CONF-2020-043
HVT (gr = 0.14, gy = —2.9) Z' - WW - qqqq boosted JHEP 06 (2020) 042
HVT (gr = 0.14, gy = -2.9) Z' — ZH — qqbb boosted | | | | | | | | Phys. Rev. D 102 (2020) 112008
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Excluded mass range [TeV]
Vs =13 TeV Vs =13 TeV
£=36.1fbt £=139fb!
*small-radius (large-radius) jets are used in resolved (boosted) events
Twitht =, e
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Effective field theory approach

Events

e Strong motivation for new physics at the TeV scale

. . Beyond the
- Energy scale of new physics (A) may be beyond our direct reach Standard Model
e Construct an effective field theory starting from the known SM fields Standard
and symmetries :
- No specific high-energy (UV complete) theory required
- Provides a renormalisable quantum field theory
---------- A
- Universal - can connect to other experiments >
Energy ~1TeV 10-100 TeV
e Expand in powers of (1/A\):
l l l l
Leptf)n-nymber Violates B-L , , ,
violating o Firstrelevant order at dimension 6
O, : operators = interaction terms at a given expansion order - Multi-boson: connection to anomalous triple gauge
couplings

C, : operators = Wilson coefficients, free parameters

e Dimension 8 also important
- Tree-level neutral triple gauge coupling
- Quartic gauge couplings
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Effective field theory approach

e Dim-6: up to 2499 distinct operators [1312.2014], reduced to 85 with flavour assumptions

X3 08 and *D? P23
] ] . . Qo | fAPCGIGEGoH || Q, (¢Tp)® Qey (et o) (lperp)
e Cross section in the presence of a single dim-6 operator: o | pEmame | Q| (onee) | Qw | (eGud
Qw | eEWEWIPWEr | Qup | ("D 0)" (¢'Dyuep) || Qap (10) (Godrep)

. IJKA7 IviasJpia/ K i
QW € Wu |4% Wp

X2(,02 ¢2X(,0 77b28021)

PloGL G |l Qaw | (o™ e)T WL, || Q
~ _ <> _

Qo plo Gl G4 Qep | (Lo er)pByu, QY | (piDIp)(lyryHl,)

| M) %ZM +>Mdi

Operators involving bosonic fields
O
&

2 2 Qow ol W;nyIW Que (QPJﬂVTAur)a Gﬁy Qe (‘PTiDu e)(ep'er)
Qv | HeWLWH | Quw | @o™u)r'eW,, | QR | (¢iD,9)@"e)
QB ‘PT‘P B, B* QuB (QPUWUT)&BMV gq) (SDJ%D;{ ©) (ijTI'YNQr)
o(c) +|[2Re X + Qus | #eBuB" | Quo | (G0 Td)eGl, | Qou | (P10 @y u)
Qows | e WLBY | Quv | (@0 d ) oW, | Qui | (11D, 0)(d"dy)
i ] Quws | #T'oWiB™ | Qus | (@0 d)9 B || Qeua | 1P Dug) (@ dy)
_ (LL)(LL) (RR)(RR) (LL)(RR)
C C2 % Qu (qu )( 7Lt Qee (éPVuer)(éSVM€t) Qle (ZPVMZT)(557M€t)
. . v (1) " _ _ - o
SM SM_d|m6 |nterference ~N —— . ~ S : a4 (@Y )(@s7" ) Quu (Upyuur) (TsyHue) Quu (Lpvule) (@syHuy)
A2 d|m6 Squared A4 % E ((]?(’1) (@Y™ ) (@ T qr) || Qua (dpy,dr) (dsy*dy) Qua (pYulr) (dsy™de)
a g Ql(;) (PFVM ) (7" ) Qe (ép’mer)(ﬂsfyuut) Qye (@D’Yﬂ%)(éﬂ’ﬂet)
& Y| 0¥ | Gt @ e | Qu | Emen)dard) W (@) (@)
. . . . . c 35 QW | @) (diydy) W | (@I (@A "TAu,)
® _2 - . o) s ud p fu jm -
Gives all A2terms = linear in dim-6 coefficients (cj) 23 o0 | @y @rziay | 00 | (oo
5 o 0O | @ T4a) @ T4d)
;'.' "g' (LR)(RL) and (LR)(LR) B-violating
o With multiple operators also have cicj/A* interference terms £ | Goad | e [ Cuf] () Cl]
Qi | @u)en(@dr) || Qugu ey [(g57)TC ] [(u3)TCel]
QWi | (@THu)ein(@ETAdr) | Qaug e juerm [(457)7Caf*] ()7 CI7]
e . . Q. | @een@u) | Quu e [(d2)TCuf] [(u7)"Cer]
e But A4incomplete = neglects SM-dim8 interference at the same order o0 | oreren(gior
_ : : : . 5 _
In practice parameterisations may neglect quadratic c2 terms “Warsaw” basis [1008.4884]

- ldeally: dim-6 squared small, but for many measurements not the case
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https://arxiv.org/abs/1312.2014
https://arxiv.org/abs/1008.4884

Anomalous triple gauge couplings
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Anomalous triple gauge couplings

e Long history of constraining BSM effects in the WWV triple gauge coupling:

—J
‘ Lige = ie (WL W, — W, WI)A, + 268— (1406g1.) (WL W, =W, W) Z,
0
ie(1 4+ 0k~) AL W+W +ze—( +0K2) Z, W+W_
[ 56 [1609.06312]
+ 1 WL W, A +— W+ W Zou| s

W/Z/y My,
| ALEPH  DELPHI L3 OPAL LEP
'L | | | 3 | | |

e EFT interpretation now more common

- For historical reasons, many LHC interpretations have used HISZ basis [PRD 48 (1993) 2182]

- Gradual move to towards Warsaw basis [1008.4884] (as in Higgs & top)

0 L1 | SNt
-0.1 -0.05 0 0.05 0.1

e alGC parameters can be related to coefficients in HISZ and Warsaw bases: % 2023475 M
CMS 19.6 tb™' (8 TeV) .
2 /2 2 2 2 3 ’U2 NS’F »l —‘— Ex;aectec; 68%‘CL | —L Ex;:)ectet; 99%‘o|_ lA
L g =+ g v _ g_ /U_ )\ - i [ Expected95%CL  —— Observed 95%CL | N — 0-25:
5912 = 8 fW— 5/17 — 8 (fW —l_ fB) A27 z 8 fWWW A27 i o +  Bosti | & ()2§_I)®,L= 86 fb-l C.) ﬁ?gggfgnMOdel
e i 0155 — 95% Contour
/ // = \\\\\\ ] = 68% Contour
L N\ 0.1F
\ N\ -
2 2 2 ! L 00sE
v gr T 9y (3) (3) o\ B I
001, = A2 4(9% — g%) (4g—Lw¢WB + wep — |Werl1221 + 2w oy ]11 + Q[w(M loa | : \ii\ L //// | 0025
9 9 L 1\\1\\?:1///1/1 o] '0-1_ LEP parameterlzatlon [1208.5458]
v gL v° 3 P05 0 0.5 015 01005 0005 07 015 03
Oy = o wews | A= ooy [LHCHXSWG-INT-2015-001] )
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.48.2182
https://arxiv.org/abs/1609.06312
https://cds.cern.ch/record/2001958/files/LHCHXSWG-INT-2015-001_2.pdf
https://arxiv.org/abs/1302.3415
https://arxiv.org/pdf/1208.5458.pdf

W+W-

e Both experiments set EFT constraints in the HISZ basis

e CMS: direct fit to my distribution
e ATLAS: constraints set via unfolded leading lepton pr,

CMS 35.9 fb (13 TeV)
on both CP-even and CP-odd operators c F T =
o) - Nonprompt ¢ Data ]
; 10° = Bvz N Pred. unc.=
> 1o :_IATLIASI - ¢ D tl 2015 I2016 | E E 4 E WW WY E
% 2L /5=13TeV, 36.1 f! I:I[Sh:ath(syS;t ’:grta')?gNLO(EW) N g 10 = ' www/A =3.2 Te2V2.H(1 25) =
= qq)+NLO(gg : = .
s : = PP — eV BF5 Powheg-Box+Pythia8, k=1.13* 3 . 1 03 0 CW/ A*=4.9 TeV tt ]
S 10 L - %7 Powheg-Box+Herwig++, k=1.13* _| = ¥ -CB/A2 =15 TeV? Drell-Yan =
S E el Sherpa 2.2.2, k=1.0 * 3 = =
2 oAy - * comb. w. Sherpa+OL gg—»WW, k=1.7 ] o [ ! -
3 g s E 10° & =
- *- ] ;ZT IIIIIIIII _ =
i L iy = : .
e e E 10 B il*wL =
C Fobgh T 7 CLEEELE T REY .'.; . o P P P P P P P TR
102 E “““.'.".'a".'a"q.,,.,,.,,; \ i
- e Limits with and without quadric EFT terms 1 i'.T'a k- ? =
10 = ——————+—+ : WMMW} 3 E
I 45: E Operator  95% CL (linear and quadratic terms) 95% CL (linear terms only) . l —
LS , %%2 5 - 1.5 .
=z Q—m% s e cwww /A2 (3.4 TeV2, 33 TeV2] (179 TeV=2 , =17 TeV~2] &’ S
> ?jj — - - cw | A? [-7.4 TeV™2, 4.1 TeV 2] [-13.1 TeV™2, 7.1 TeV 2] 3 | L -
8 1ot e - cp /N2 (<21 TeV=2 , 18 TeV2] [—104 TeV=2 , 101 Tev-2] g 0.5 ¢
LN e e e s e 2 S B | 3888838@888885 """ % . S SN U VRRID G B AR AU N U B
ggE" . — 200 400 600 800 1000 1200
30 40 50 60 T A0 3107 m, [GeV]
Iead 4 [GeV]
-2 -2 . . . . .

Parameter  Observed 95% CL [TeV~2] Expected 95% CL [TeV~2] Coefficients 68% confidence interval 95% confidence interval

cwww /A [-3.4,3.3] [-3.0,3.0] (TeV~—2) expected observed expected  observed

cw /A2 [-7.4,4.1] [-6.4,5.1] : - : )

I o1 18] 18 171 cwww/A*  [-1.8,1.8] [-0.93,0.99] [-27,27] [-18,18

9 9 2 - - - -

CWWW/A2 [—1.6, 16] [_1.5, 15] CW/A2 :_3.7, 2.7: [_2.0, 1.3] [_5.3,4.2] :_3.6, 2.8:

ey /A2 [-76,76] [-91,91] cg/ A\ —9.4,84] |-5.1,4.3] —14,13] [—94,8.5]

[Eur. Phys. J. C79(2019) 884] [Phys. Rev. D 102 (2020) 092001]
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https://inspirehep.net/literature/1734263
https://inspirehep.net/literature/1814328

WZ (3 I) [JHEP 07 (2022) 032]

e Also sets limits in the HISZ basis coefficients

-1

- Best sensitivity for Cw 0 CMS 137" (13TeV)

= - SR Post Fit s

_C?J) 10’ & —¢- Data — SM+c,=4 — SM+c,,,,,=3 =

0 —2 0 —2 : —2 Il - — SM+c, =150  — SMHT,,,,,, =1 SM+c, =100 7

Pararrzleter 95% C_I, exp. (TeV ) 95% C_I, obs. (TeV ) Best fit, obs. (TeV™7) c 10°L w2 mizenk Wy -

Cw/ A\ —2.0,1.3] —2.5,0.3] —1.3 g) " X zq = E

Cwww /AZ __1-3; 13 _—1.0, 12 0.1 LL] 105 §- \YAVAY/ Xy Nonprompt 5

Ch //\2 :—86, 125: :—43, 113: 44 10% ;_% Total SM unc. _i

Coww / A\ [—0.76,0.65] [—0.62,0.53] —0.03 :

Co /N2 |—46, 46 |—32,32] 0 = 5

102 i =
e Limits given as a function of maximum M(WZ) included in the fit 104
1}
e And with and without the inclusion of the quadratic EFT term !

10°

p CMS 137t (13 TeV) 5 Y _

— — 1|37fb - (|13 TeV) g E— Linear + quadratic terms, exp. O 8t || Total SM unc. =

1> ; 2| Linear terms only, exp. o 6F =

> E L 0 Linear + quadratic terms, obs. I 3 E

o E N Linear terms only, obs. e 22-.-.+ ——— - E

2 ‘ e g A Y 500 {000 1500 2000 2500 3000
: S S . o M(WZ) [GeV]

————— Best fit, expected
————— 95% CL, expected
— Best fit, observed
—— 95% CL, observed -
500 1000 1800 2000 2500 3000

M(WZ) cut-off [GeV]
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https://inspirehep.net/literature/1949191

Wy: interference resurrection

[Phys. Rev. D 105 (2022) 052003] w " - !
e CMS analysis of the Wx(lv)y channel ) L Vo }

o Focus on the O, operator: Osy = €W WIPWH ,  CMS Simuiation Supplementary __13 Tev

< 102? Wy _Csw i 0.0 —

- with Wilson coefficient Csw in the Warsaw basis (also denoted Cw) 10} :8%;81;

 LO2—>2 —Cyy =04 ]

1k 3W 3

e Start with standard approach: s 2 | 10'f =

_ : : 0 = OgMm 3WOint 3WOBS 102 |

Exploit energy growth of BSM = measure high prv 10 | %

10'4;‘ E

e |ssue: pure BSM term drives current sensitivity = R R

- We neglect SM-dim8 interference which also enters at 1/A4- validity becomes N —
model dependent & T s do00 1500

Photon P, (GeV)

o AtLO, SM-dimé6 interference not observable in inclusive quantities like prY CMS simuiation Supplementary __13 Tev

3 0% Wy —C,,=0.0 1
o Effect due to helicity suppression [ L0202 —Coy=04 -
10-1;— -
SM BSM [Azatov, Contino, Machado, Riva, 2016] SM + int. only ]
7 o = oo + Carvw/ O 102 :
dr..R4L.R — VLVL(h) ~ 1 ~ E2/M2 . BSM enhanced Where SM 3W%¥Int 10_3; _
qr.rAr,r — VeVi(h) | ~mw/E | ~ mwE/M? SM suppressed.
qr,RAL.R — ViV ~ 77’L1/Vi /E’2 ~ f?z/]\f2 1 NO energy grOWth at the 10'4?— —
wriin AViVe | ~1 | ~1 H interference level I : : _
O 15;_ .................................................................................................................................................. =
.g 052_ ................................ o S T e =

& 500 1000 1500

Phot GeV
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https://inspirehep.net/literature/1978840

W o o f e _ CMS simulation Supplementary 13 TeV
> 1% 1~ _Aan
V: Interterence suppression 3, —G,,-00
1OF —Co=02
 LO2—=2 —C,y =04 ]
h: . i .QM.S Simulation _ 13TeVv
e “Interference resurrection” technique proposed (pis776 2018 473, JHep 04 2019) 0751 107 s 13 9wy Can =00 -
: : : 102¢ : 3 W~
- Measure decay angle ¢ of the final state fermions in a special reference : : 05 oo Jow =02
1073 : . - — aw = Y
frame ‘I_I_‘—|_‘ N :
107k : :
- Interference causes characteristic modulation s s i S ; |
(g 15 _ ................................ L — E i .
“— 1E 1+ — —
. . . _g 05 z_ ................................ i 3 - —
e To constrain interference make a simultaneous measurement of prv 5 500 . T j
and ‘(Pf‘ Photon P, (GeV) < O_I | |
D oysE— T T B —
- 1:_ .................................................................................................................... E
R _.C:) 05;_. ........................ e | S 3
X & ) 2
f+ = positive helicity - d
.ems 138 fb” (13 TeV)
X=Z plane ;\ | WE(Ev)y 0<lpl<Z 2 <lol< o 3=l0)<3
O 10°F 3 W(ivy 3
(5 [ Nonprompt/misid. y
~ 102 @l Nonprompt/misid. |
2 ity
c 3 Zhv"(ee) (e =)
) 10 1 Ziv*(liyy E
> [ Single-t +v
v __ -
> 2 v |:- Cu = 0)./2 Tev? 7
10~ —— C,, =-0.2TeVv? ]
e e T 1 T L 2 = (R N
1072 s 3
1078 E ———————————— l """ 3
§<)'_ 10 - :
Lu 1.5 _______________
C\U 1101 - ey g L L L L L A A T L _
® 05 b o e B T
o 200 400 600 800 1000 1200 1400200 400 600 800 1000 1200 1400200 400 600 800 1000 1200 1400
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https://inspirehep.net/literature/1620056
https://inspirehep.net/literature/1713823

Wy: interference suppression

e Extract 95% CL intervals on Gsw vs. maximum pr(y) bin included in fit

o Overall sensitivity still dominated by pure BSM contribution...

- ... but with increasing integrated luminosity, probe smaller values of Csw where interference term will come to dominate

e Binning in @ significantly improves sensitivity to SM-BSM interference, up to a factor of 10

> 2
-
5
O
_1:
_2:
23/8/22

- Improves the validity of the constraints

- Significant gain in fits where only the leading interference effects are included

138 fb™' (13 TeV)
T T T ]

' ' ' ' ' ' ' [
i —— SM+int. only T
N CMS — 95% CL SM+int. only |

—— SM+int.+BSM
— 95% CL SM+int.+BSM |
N O
Se : ——
./ — —_‘b. ———————— =9 o |
- - —
O —
~
=
(¢ T i
/
/
/
|/ |
I | I I I I | I I I I |

500 1000 1500
pYT cutoff (GeV)

C,, (TeV?)

10

138 b (13 TeV)
T T T ]

— —e— SM-+int. onl -
. CMS Y -

— — 95% CL SM+int. only

R EEEETEEI—————————————————————————_—

SM+int. only, no ¢ binning i
95% CL SM+int. only, no ¢ binning 1

-10

o000 1500
pYr cutoff (GeV)

< Events / GeV >

Data/Exp.
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E

E

WYYy

S 0slpl<

E T

6

|

T T 3
5 = Iq)fl < E 3
—e— Data 1
3 W(iv)y
[ Nonprompt/misid. y
B Nonprompt/misid. |
B tty
1 Ziv*(ee) (e —v) ]
= Ziy(ly E
[ Single-t +v ]
3 VVy ]
[ Stat.+Syst. Uncertainty 3
-- C,,=02TeV? :
—— G, =-0.2TeV?

p; (GeV)
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WW + 1 jet: interference suppression

e Another way to break the helicity suppression

- Additional jet requirement introduces different helicity configurations = reduced suppression

e Parameterisation of most sensitive observable (mey)

Raising jet pr cut to 200 GeV improves sensitivity to the interference part

- Overall sensitivity remains dominated by pure BSM part

S
()
O]
2 10
ECD
S
5
©
107"
©
e
()
=
IS
©
©
©
(a
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- PP — ey |

Linear EFT Prediction, cW=1 ]
Lin.+Quad. EFT Pred., cW=1 i

* plus Sherpa+OL gg — WW -

' | ' I o)

- ATLAS ¢  Data and Stat. Uncertainty "'g'

_ -1 Total Uncertainty P
 (s=13TeV, 139 fb oo 18

o o —h —
0O 0O o N b
T T T T 111

do/dm,, [fo/GeV]

Prediction/Data

—

—h
<

1.4
1.2

0.8
0.6

[JHEP 06 (2021) 003]
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ATLAS ¢  Data and Stat. Uncertainty "'g'
| _ -1 Total Uncertainty 1402 S
§=13 TGY’ _1 39 b Sherpa2.2.2 * 510
[ _DDh_— e*vy Linear EFT Prediction, ¢, =1 1
- | plead- jet 200 GeVl ------- Lin.+Quad. EFT Pred., c, =1 |
B pT > e . . Y i
I * plus Sherpa+OL gg — WW |
N

¢ b oo
¢
- —10
¢
¥
t
| | |
B ! | |
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=
B I
B . I . | | |
90 10° 2x10° 3x10° >4x10°
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q W=
Al
9 +
q 4%

[ [ | [ | |
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i Ty —— Linear
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Neutral triple gauge couplings

o Neutral triple gauge couplings forbidden at tree level (ZZy, Zyy)

e Traditional anomalous vertex parameterisation:
- AllfY, hV=0in the SM

p— —e(a3 — ™M) [, q o 0
77 production «—— €5 (dy, da,ds) = o |fa (459" + d3g") — [3 PP (q; - q2)p} (11
z _
o —e(q2 —m2) [ i} } o CP violating
ieT% 4 (dy, dg, d3) = oy (g™ = a3g"?) + T asl(asaz) gt - dhds)
S . cp i
Zy production €e—— . hY ; ) cOnserving
— hg el pQQp — quée“ paquq20- > (1.2)
Z ) whereV = Z,y (off-shell)
. JHEP 02 (2014) 101]
e Related to dim-8 EFT operators: . | . . -
— y MZv? (—cwsw Ar- + = (cw2 — Sw2) + 4cwsw%)
OBW:ZH BMVW’M’O{Dp,D }H, hlZ:
. y Ay Sw
Oww = tH'W,WH{D, D"} H, hZ -
Opp = i H'ByB* {D,, D} H. Mz (508 — 20,5, S + 40, 20
Oz, = i H' B, W {D,, D"} H, 1 Ay 520
hy = 0.
23/8/22 A. Gilbert (NWU) NB: new modified form factors proposed: [Ellis, He, Xiao '22] ,,
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Z(VV)Y

o nTGC sensitivity will be in statistically limited

- = benefit from Z— vv branching ratio vs. Z—

e Strongest constraints to date

[JHEP 12 (2018) 010]

.E 105 —EF I I L I L I |||||||||||||||| I L I |||||||| §
= = ATLAS . [Z)(atf) a
- p VV _
T 10'L s=13 TeV, 36.1 fb WV R
0 - Bl jet—y -
L . Njets=0 B e—y .
10° g 2y Wsx10® Y E
4 -WY, Z(Iy 3
]stat.® syst. -~
10° | =
I -
\\\\\ ‘\\\\\ _
10 S il =

1
e, IR e R e R

@ 1.4
0 L —
C\U | SN N
= A f A R R R I
0 0.8 s ¥ --------------------------------------------------------------------------------- —

500 300 400 500 600 700 800 900 1000 1100

E! [GeV]
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nigh prY region

(CP-violating not distinguishable)

Limits on CP-conserving couplings:

Parameter Limit 95% CL
Measured Expected
hl (=3.7x107%,3.7x107%) (—4.2x10%,4.3x107%)
hy (—3.2x107%,33x107%) (—3.8x107%3.8x10" %)
h) (—4.4x 107,43 %x107") (=5.1x107",5.0x 107 ")
hy (—4.5x1077,44%x107") (=53 x10"",5.1x 10" ")
152100 | . N 15X10° |
- pp = Z(vW) ATLAS e - pp — Z(VWW) ATLAS ]
1 Vs=13 TeV, 36.1 fb” - 1 s=13 TeV, 36.1 fb” -
05 - 050 -
o~ - o -
s (L - 050 =
E ----------------- Observed ellipses of 95% CL E E ----------------- Observed ellipses of 95% CL ;
_1_— -------- Expected ellipses of 95% CL ] _1—_ ________ Expected ellipses of 95% CL i
N X Observed best-fit value i N X Observed best-fit value .
B ] -3 L i
1.5 0% 0 0.5 < 15— 0 0.5 H107
Y
h; h§
Parameter Limit 95% CL
Translated to dim-8 EFT: Measured [TeV™*]  Expected [TeV "]
BW/A4 (—1.1, 1.1) (—1.3, 1.3)
Cay /A (—0.65, 0.64) (—0.74, 0.74)
Corw /A (—2.3, 2.3) (—2.7, 2.7)
Cpp/A* (—0.24, 0.24) (—0.28, 0.27)
A. Gilbert (NWU) 15
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Z(I)Z(vv), ZZ(4)

o ATLAS analysis of 2015+16 data in llvv channel

e Interpretation via unfolded pt' distribution

Ao [fb]
w

ATLAS

T S

---------------------------------------------------

—— Data
(s=13 TeV, 36.1 fb" g oM 2z

----- f2=1.5x107

--------- f2=1.0x107

- 12=0.5x107

2 Theo. Uncer.

200 300 400 500 600 1000
Pl [GeV]
1 i 2 fe
Expected [x107°%] | [-1.3, 1.3] | [~1.1, 1.1] | [-1.3, 1.3] | [-1.1, 1.1]
Observed [x107%] | [-1.2,1.2] | [-1.0, 1.0] | [-1.2, 1.2] | [~1.0, 1.0]

23/8/22

[JHEP 10 (2019) 127]

]
N

aTGC

Both analyses require good
control of SM process:
qq-induced:

NNLO QCD + NLO EW
gg-induced:
NLO QCD

Comparable sensitivity,
with trade-offs in:
- Integrated lumi

- Observable sensitivity
- v vs |l branching ratio

A. Gilbert (NWU)

[EPJC 81 (2021) 200]

e Fit to mzz distribution

o CMS analysis of full Run 2 in 41 channels

- CMS 137 fb'|1 (13 TeV)
a5 | ]
~ - —e— Data n
2 0 o6 — ZZ.Zy -
O ek B o222y -
w e B ZZ + 2 jets EW .
. R A\ i
. ] z+X -
0P [ JH>2zz |
L. f/=0,f=0.0015 1
10 —
I 4

500 1000 1500
My, [GeV

Expected 95% CL  Observed 95% CL

aTGC parameter x10~* x10™%
Z -8.8,8.3 -6.6 ;6.0
z -8.0;9.9 -5.5;7.5
4 99,95 -7.8,;7.1
4 9.2;9.8 -6.8;7.5

EFT parameter Tev™* Tev—*
Caw/A* -3.1;3.3 23;25
Cww /A* -1.7:1.6 -14:1.2
Cpw /A* -1.8;1.9 -14;1.3
Cpg/A* -1.6;1.6 12;1.2
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EFT parameterisation

o Represented by dim-8 operators:

e Set of 20 CP-conserving operators built from covariant derivate of the
Higgs doublet and the SU(2) gauge fields strength tensors

e Primarily studied in vector boson scattering processes:

o Typical signature:
- Exploit both leptonic and hadronicV decays
- Large pseudo-rapidity separation and invariant mass of the jets
- Strong cross section growth with energy for non-zero Wilson coeff.

23/8/22 A. Gilbert (NWU)

Longitudinal

Lso=[(D,P)D,P] X [(D*P)I D" D],

L, =[(D,P)'D*®] X [(D, D)D" P].

Mixed

Transverse

18



WiWi /WZ [PLB 809 (2020) 135710]

137 fo” (13 TeV)
— 1

137 fo' (13 TeV)
—_—

F = N c10° = =
o 10° - cMmS I tvx ¢ Data __ 0O . CMS Vy _ ¢\ Data
e W:WH* final state with much reduced 5 105 Wongsign  Lowear 5 0F Soteroe mmewkws
[= | I Other bkg. EEWKWZ I= — t,/A*=2.9TeV* I WZ —
. T ) — =29 Tev* B ® — ‘= ev™
background compared with W+*W= 2 el ez - 201 Wt Sz
= ° . ‘ Nonprompt | B tvx
e Transverse di-boson mass as sensitive 101 e — _ 10
observable: : “‘“T““—_
10_1 [ ] 10_1
2 2 1073 |- —] 1073
_ = 2F — = -
mT (VV) o ZZ El - ZZ pZ,i / D 15 F —~ D 2
M = = © n
'ES' 1 o= = -ES' B
O o5 [ = | -
0 - . . - o L
0) 500 1000 0)
m"V [GeV] m¥¥4 [GeV]

e Limits recomputed after applying unitarity constraint
- No enhancement when M(VV) above unitarity limit (~ 1.5 TeV) - calculated with VBFNLO 1.4.0
- Sensitivity worsens by factor ~ 5

Observed (W=W=) Expected (WTW=*) Observed (WZ) Expected (WZ) Observed  Expected Observed (W=W=) Expected (W=W=) Observed (WZ) Expected (WZ) Observed Expected

(TeV™%) (TeV~%) (TeV~%) (TeV—%) (TeV™?) (TeV~4) Apply (TeV™4) (TeV™4) (TeV™4) (TeV ) (TeV ™) (TeV™%)
: [-2.1,2.7] 6, 1. [-2.0, 2.2] [-1.1,1.6] [-1.6,2.0]

[-0.81, 1.2] [-0.98, 1.4] 3,1. [-1.6, 1.8] [-0.69,0.97] [-0.94,1.3
[-4.4, 5.5] [-1.6,3.1] [-2.3,3.8]

[-0.28, 0.31] [-0.36, 0.39] [-0.62, 0.65] [-0.82,0.85]  [-0.25,0.28] [-0.35, 0.37]
[-0.12, 0.15] [-0.16, 0.19] [-0.37, 0.41] [-0.49,0.55]  [-0.12,0.14] [-0.16,0.19]
[-0.38, 0.50] [-0.50, 0.63] [-1.0, 1.3] [-1.4,1.7] [-0.35,0.48] [-0.49, 0.63]

-0. - -2.0, J.0 -/.0, /.0

unitarity
constraint

(23, 24] [15, 14] 18, 20]
[-39, 39] [-22, 25] [-31, 30]

-5.4, 5.8] [-8.2, 8.3] [-11, 11] [-4.1,4.2] [-5.2, 5.5]

[-7.5,7.6] [-12, 12] [-15, 15] [-5.4, 5.8] [-7.2,7.3]

[-31, 31] [-83, 85] [-88, 91]
-100, 110 -110, 110

23/8/22 A. Gilbert (NWU)
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138 b (13 TeV)

13767 (13 TeV) <
| | ( | )_ f 10°E CMS IVBSWy QCD Wy ITop, VV, Zy
0 C
NOnprOmpt Y _E g E Prellmlnary IDoubIe MisID MisID photon MisID lepton [CMS_PAS_SMP-Z 1-01 7]
ST,TTy,VV O
i - —e- Data — Fy /A" =8 Tev*
—F/A* = 0.47 TeV"* _| ca_ ¢
T8 eV 10°F Unitarity:

—F,/A*=0.91 Tev* ]

- No explicit clipping

- Ubound reported:
scattering energy, given
coupling of observed
limit at which unitarity
violated

| | | | |
[150,400] [400,600] [600,800] [800,1000]  [1000,1500]

0.15-04 0.4-06 0.6-0.8 0.8-1.0 1.0-1.2 1.2-» My, [GeV]

mz, [TeV]
Expected. limit Observed. limit Upound
Coupling Exp. lower Exp. upper Obs. lower Obs. upper Unitarity bound 5.1 < fMO / A* < 5.1 —5.6 < fMO / A* <55 1.7
Fuo/ A* —125 12.8 ~15.8 16.0 1.3 71< fin/AN* <74 —78< fun/A* <81 21
Fvi / A* —28.1 27.0 —35.0 34.7 1.5 M : limi T3 TAT=13 —5 TAT =10
F/A*  —521 5.12 —6.55 6.49 1.5 ost stringent limits on -1.8 < far ) < L. 9 < fmo ) < L
FM3/ﬁj —13; 18?2) —.38 Sg 12; T8/T9 25 < fuz/NF <25 =27 < fus/ N <27
Bw/A - 10 ° 13 - - 33 < fuu/A* <33 =37 < fuu/A* <36
Fus/ A ~17.6 16.8 —222 213 1.7 4 A
/A —447 45.0 _56.6 55.9 1.6 34 < fus/AN* <36 =39 < fis/A* < 3. 9
Fro/A* —0.52 0.44 —0.64 0.57 1.9 ‘ ‘ .
4 _ — . . .
T e o Ry o e Most stringent limits on 043 < frg/A* <051 —047 < fro/A* <051 1.9
Frs/A*  —045 0.52 —0.58 0.64 2.2 M2-5, T6-7 0.27 < fr1/A* <031 —031< fr;/A* <034 25
Fre/ A% —102 1.07 ~130 1.33 2.0 072 < frp/A* <092 —085< frp/A*<1.0 23

029 < fre /A* <031 —-031< fe/A* <033 26
-0.23 < frg/A* <025 —0.25 < frq/A* < 0.27

-0.60 < frr/A* <0.68 —0.67 < frr/A* < 0.73 :
23/8/22 A. Gilbert (NWU) 20
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Tri-boson production

o Analysis target W(lv)yy and Z(ll)yy channels

e Complementary to VBS processes

- Several parameter constraints competitive

q 4
Z(W)
Y
q ¥
Wy (Tev™) Zyy (TeV™)
Parameter = Expected Observed Expected Observed
fwve/A* [-57.3,57.1] [—39.9, 39.5] — —
fvs/A* [-91.8,92.6] [—63.8, 65.0 — —
fro/A*  [-1.86,1.86] [-1.30,1.30] [—4.86, 4.66] [—5.70, 5.46
fri/A*  [-2.38,2.38] [-1.70,1.66] [—4.86,4.66] [—5.70,5.46
fro/A*  [=5.16,5.16] [—3.64,3.64] [-9.72,9.32] [-11.4, 10.9]
frs/A*  [-0.76,0.84] [—0.52,0.60] [—2.44,252] [-2.92,2.92
fre/A*  [-0.92,1.00] [-0.60,0.68] [-3.24,3.24] [-3.80, 3.88]
fr7/A* [-1.64,1.72] [-1.16,1.16] [—6.68,6.60] [—7.88,7.72
fra/ A* — — —0.90, 0.94] [-1.06,1.10
fro/ A* — — —1.54,1.54] [-1.82,1.82
23/8/22

IN

Events /b

Data / Pred.

Events / bin

Data / Pred.

1200(_:MS 137 b (13 TeV)
- W(—evlyy Data
1000— . ) Wyy
u [ ] Misid. electrons
8001 [ Others
600 =7 [ ] Misid. jets
C — fy/A* =100 TeV™
4oo__ﬁ——| %
200
1.5 =
15
05EF | | | | "
0 50 100 150 200 250 300
DYTY [GeV]
809MS 137 b (13 TeV)
= 777 Zyy
60 [ Others
50E [ 1 Misid. jets
4 -4
40% | — £ JA* =10 TeV
307 %
20
10E- 9%
Eu I I I ] I I ] I I I I ] I I N LA //}' /////
1.5F
: : ;
0.5F | s | |
0 50 100 150 200 250 300
P, [GeV]
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Events / bin

Data / Pred.

Events / bin

Data / Pred.

CMS 137 b7 (13 TeV)
1200 W(— w)yy —t— Data
1000—+— 71 Wyy
¢ .
%/ [ ] Misid. electrons
800E Others
- [ 1 Misid. jets
600 1= — /A% =100 TeV*
400 i
15
1 .
0.5F | | | | ¢ |
0 50 100 150 200 250 300
IOYTY [GeV]
CMS 137 b (13 TeV)
1605_ Z(— uuyy Data
1207 Others
100 / [ Misid. jets
80 — f /A" =10 TeV
60E
05 7
20
_:"'-' - | P I //V////A*//V///
1.5E
1 h ¢
05E | | | | |
0 50 100 150 200 250 300

1Y
P, [GeV]
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pp—4l

o Analysis considers all possible EFT contributions to 4l final state at dim-6

- Not only triple gauge couplings

e Fit to the optimal unfolded observable for each operator, e.g. msa:

> ATLAS p-val (Sherpa)=0.22 == Data.
Q 10:Vs=13 TeV, 139 fo! p-val (Powheg)=0.09xx Powheg qgq—4l + X_
=, § wiy, Sherpa qq—4l + X 3
S X=gg—>4l+H—>41+VVV+TV (V)]
S -
e, H—4l E
3 gg9—>4| ;
— t#tV(V)+VVV =
10~%E Y —
ZH— HHiggd > On-shell ZZ .
®©
®©
0O
c
O
©
©
2 |
D- 05|||| ] ] ] ] ] 1
50 100 150 200 300 500 700 1000
m, [GeV]
23/0/ 22

[JHEP 07 (2021) 005]

CHg =-0.13
HG — °
6 T T T T
| s |
* 2
< ATLAS ’ —— SM+2Re(MZ,Mys) + [Mos|
0] Vs =13 TeV, 139 be] .
~ 5¢ , —— SM + 2Re(Mg,,My¢)
O
o —— SM + |[Mgg|?
Sl | | i dé
| | |
g 4 i | I I - SM
| | |
E | | ¢ Data (tot.)
| |
g 3 - | |
| |
o i | $
| |
| | [—]
2F |
| |
| |
| |
| |
1r | |
|
W
|
0F M
i | I
| | |
100 : ; : : e : : :
0.75 * + i *
oS o + - |
— @) - LLIL =0 ” ,_-d-.lh-—rar Ll L [ PENE XY
CU 0.00 . e o : ‘ﬂ’#ﬁ- - Co bl S SN S SSS
|
(C O -0 + + |
+— I |
-0.50 ! + !
| |
-0.75 ! - Obs fit pull BSM QCD Scale SM theory
_100 llllllllllllllllllllllllllllllllllllllllllllllll N R N U O D i I
PP RNSCE NSNS NC NSNS A C NS CE N RN eSO NP PP NS BN DS EN O SN AN AR e ES NN TETcRNES
AS T H AINNNNMARA RN MR AL NN ARG MR RRER AL LS A A NN MANS FNNEERERARASHANMEIN BN o S
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN WNMN
.............................................................................................................................................................................. BEggaddidadRgaddy
ms34 [GeV]

e Many operators would create a similar pattern in the data
- Not possible to determine all coefficients simultaneously

o Others are more strongly constrained elsewhere

- E.g. Z— Il constraints from LEP precision measurements

e Strong motivation for combined EFT fits of multiple processes

A. Gilbert (NWU)
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pp—4l

o Analysis considers all possible EFT contributions to 4l final state at dim-6
- Not only triple gauge couplings

e Fit to the optimal unfolded observable for each operator, e.g. msa:

Higgs couplings

Gauge boson couplings

Z =l vertex

4-fermion interactions

23/8/22

ATLAS
\/§=1 3 TeV, 139 fb-1 Expected 95% CL
Coeff. Observable Draw Scale
Che  May | x 4
Cuc My x5
Cip Mz
Chws  Mas  ——
Crq pmz x 0.05
c,, AP, —r— x 0.05
Che AP pairs
) 60,0,
cﬁl) A,
Chy My x 0.5
S A0,
Cea My
Cee My, x 0.01
Cow My —
Ca My
c, m,, x 0.02
c, My, x 0.02
) a0,
cf;) m,, — x 2
cf:) m,, x 4
Cu My x 2
Cqe m,, x 2
T 05 0.5

full model
= (Observed 95% CL

Obs. 95% interval Or

[JHEP 07 (2021) 005]

A

CHg =-0.13
r— 6 J i i T T
> ATLAS i | | —— SM +2Re(Mgy,Mys) + [Mos|?
O] Vs =13 TeV, 139 fb1! i | \
9 5l i | —— SM +2Re(M;,,My6)
— : j i —— SM + |Mgg|?
3 4 ; i i i
E i i | ¢ Data (tot.)
0 3l | | |
B | = |
© | i i

[-0.20,-0.029 ] U [-0.010, 0.012 ] 500 . . . . . . . .

[ -0.033, 0.033 ] 075 - B + + | *

[ -0.60, 0.29 | 050 ; + i + +H ﬂ f * H+ +
[-0.29,0.13] S= MTRANCTIR SoavuiR USTLSS cnSNt (! A YITYN

[-2.6,8.3] T Q s } + . = : }

[-13.0,-6.9] U [-1.5,4.4] ~0.50 - + +

[ -0.70, 0.21 ] -0.75 1 ! ---= 0Obs fit pull BSM QCD Scale SM theory

(015, 0.5 N R T T T
[-1.6,0.43 ]

[-0.15, 0.52 ] msy4 [GeV]
[-0.51, 0.41 ] . . .

(330, 42.0] e Many operators would create a similar pattern in the data

-0.14, 0.21 . . . )

E_O_M,O_%: - Not possible to determine all coefficients simultaneously

[-21.0,26.0]

[-20.0, 25.0] .

[-0.17,0.50] o Others are more strongly constrained elsewhere

[ -0.086, 0.17 ]
[ -0.064, 0.081 ]
[-0.16,0.20 ]
[-0.11,0.14 ]

- E.g. Z— Il constraints from LEP precision measurements

e Strong motivation for combined EFT fits of multiple processes

A. Gilbert (NWU)
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WW, WZ, 4] and Z+2-jet combination

e Combined likelihood fit to multiple channels and observables
- Takes correlation of expt. & theory systematics into account

e Includes effect of 33 operators
- Input analyses considered different subsets / bases / or no EFT at all = reinterpretation possible by

intermediate unfolding step

Linear Effect of Wilson Coefficient

——r . —— ATLAS Preliminary

8102 3 ATLAS Pre“mmary Prediction E E =13 TeV, 36-139 fb-1 """""""" Lin+Quad Effect of Wilson Coefficient
S [ Vs=13TeV, 361" 72227} Theory Uncertainty ] Relative Effect of Wilson Coefficient, for A = 1 TeV Experimental Uncertainty
= WW - Measurement 1 0.4 : : ; :
[oX 1 O - i _ 0.3 CW=029 ________
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o - <4 1 Py 3 g
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N H 0.3
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[ATL-PHYS-PUB-2021-022]

Wilson coefficient and operator

Final state affected at leading order

e*vuty T (Fy 4¢ (e jj
cG fabc GZV Gfp Gf,'“ v
W eV KWW Pw v v v
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WW, WZ, 4] and Z+2-jet combination

e Not possible to constrain all parameters simultaneously

e One solution is to identify a set of linear combinations

23/8/22

Eigenvector decomposition of the EFT approx. Hessian, from propagating linearised EFT parameterisation to measurement Hessian

Drop poorly constrained directions with small eigenvalues - impact on fitted ones verified to be negligible
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WW, WZ, 4] and Z+2-jet combination

e Result: fit for 15 linear combinations of operators, both one at a time, and all profiled together

- In many case sensitivity is similar = justifies eigenvector approach

- Limits also given with and without quadratic terms
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One step further

e Combination of multiboson, LEP EWPOs and Higgs simplified template cross section
measurements = fit for 28 linear combinations

- Clear complementarity for many of the operators considered
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(Some) open issues for the EFT interpretation

o Isthe way in which we make our EFT measurements useful for future (re-)interpretation?
- If not, what additional steps or approaches should we use?
- |Is there additional information we need to publish, e.qg. full likelihoods? Unfolded distributions?

e Distinction between signal and background? Should consider EFT effects in both

e What should be the default presentation of results - include dim62 or not?

- If neglected, take care of fitting regions where o\ + C;0;,, < 0

- 1nt

o EFT validity: a BSM model including a new state with mass M naturally limits validity to E <M

- Should also verify that unitarity not violated at probed \/§ for given c//\2

- (Can necessitate “clipping” of the data (or the prediction) - no completely standard approach for this
e Truncation uncertainty: how to estimate impact of missing dim8 terms?

e Combined fits with dim-6 and dim-8 a possibility?

23/8/22 A. Gilbert (NWU)
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Summary

e ATLAS and CMS have performed extensive measurements of multi-boson processes, with strong constraints on:
- Anomalous (neutral) triple gauge couplings and anomalous quartic gauge couplings

e SMEFT becoming a common tool for the interpretation of these measurements
- Consistently includes all possible NP effects at a given order in the EFT expansion

o EFT operators typically affect multiple processes, and any given process is affected by multiple operators
- Strong motivation for global fits
- Close collaboration between experiments and theory required
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