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Introduction

® This report is based on experience in dedicated EFT-targeted analyses of LHC data
— but discuss concepts, do not expect numerical rigor

— biased by H — V'V targets due to personal experience, but ideas are general

® In EFT a set of Wilson coefficients (. appears in certain processes

® Essential to limit the set of 0, before building the analysis

— optimal observables are tuned to . - number of dimensions /V,

— number of templates /V;- grows quickly with the number of ¢,

— Np and N, may grow out of control with 0,

— particular issue in dedicated (full detector simulation of EFT) analyses

® Goal:

— determine sensitive ¢, in advance
— rotate operators to remove flat directions in advance (based on physics)
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Measurements and Observables

e | HC-EFT-WG-2022-001: Experimental Measurements and Observables
(1) relate operators and observables

Event t .
V;‘(?genfg)or (2) define observables and measurements
part I ¥
y_ ¥ R 3 E— :
00| 01| |0y LHE e.g. C¥WB: operators
Pythia, (fallleNT reco v
- p(xrecol xpart) eg VBS i processes
\5}4%---? full § 7
Matrix Element ~ 7o &) e.g. AD JJ observables :
—> e P(F a0 3 ;
T reco = (Tt AR yoo -
l//ﬂ/\\/ \\ e.g.0;(AD,;) measurements
M
\ s ; v
P(¥ reco| 0) global fit
(@('XTGCO ‘ 9) — dxpartp (XI'GCO ‘ xpart)‘qj(xpart | 9)
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https://arxiv.org/abs/2211.08353

EFT OperatO IS | operators

diagrams with page numbers from

® Higgs potential. SMEFT Feynman Rules arXiv:1704.03888

A

Lu = (Dup)'(DMp) +m*(g0) — S (o)

+ C?(pTp)® + C(Te)O(pl ) + C?P (o' D) (T D*y) . (3.1)

® Gauge bosons:

1 vV 1 1%
Low = — W, W — 2By, B + (D) (D)
+ CW (T )W, W + C?P(pT0) B, BM + C¥V B (ol ! o)W, B

+C?P(o'De) (9T D*g) (3.9)

1
Lqop = =Gk, GMY + C#C (gl )Gl G | (3.10)

® Target operators:  ceP, ceO, coW ceB c*WB cvG ceW coB coWB C¥G, |
and so on...

® Use Warsaw basis of SMEFT

most convenient for computation (e.g. min. derivatives)

operator “rotation” may be convenient in certain measurements (some call it “basis rotation”)

e.g. mass eigenstate “rotation” for direct map to observables (e.g. Z/y instead of BY/W?Y)
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Processes: ggH, VBF, VH and VBS | processes

(a) Signal (b) Interfering background (c) Non-interfering background

arXiv:2002.09888 . e AV
Gluon z’?};@"ﬁ |
\QQ00, e A VAVAVAVAV)

fusion

Vet E--‘i g M
fusion
arXiv:2203.02418
g .z
NS

arXiv:2306.09963

four-fermion:

q
l
L
14
14
q

arXiv:1708.02812

arXiv:2002.09888 o < -

(a) HVV (b) Hff (c) HVSf

® Left out (mostly) today: ttH, tqH, tWH, bbH, HH
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Observables | observables

‘@()—C)reco ‘ 5) — ’[d)—épart P ()—C)reco ‘ )—C)part) P ()_C)part ‘ 5)

i [ — typical SM observables (to suppress background)
i rec:obI ) EFT-sensitive observables (e.g. angular, qz, etc)
7 Zearr\:e; aes ] — optimized observables (matrix element, machine learning)
| — fullaccessible information ifg&, (e.g. all four-vectors)

0.05F

Example: VBF A®d,; (EFT-sensitive)

0.04F

SM - (60, O ) 0.03;

EFT: CP-odd — (0,6, oo
— new tensor structures +mix — (6,y,+6)) 001 0
— higher g dimensions - mix — (6y,—6,)
3 -2 -1 0 1 2 3
Ay,
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Optimized Observables
P(F e | 0) ¢ PoFroo) + Z ( i ) P Ok(xreco) + Z ( > P k(xreco) + 2 <2€9 ) P {(Xreco)

ss i<j
= full 1 P (7 tull
2Po1 (ZB ) . 1 (xreco)

reco

S,

@ Two types from first principles: Ropt,1 =

Ropt,2 = -
. Po(@fil) + ¢ Pu(Efl) P Po(ER) + - PL(ERE)
(matrix elements for models 6, 0,)

006:— ] 0.351 .
. . . . E = E 0.3F - (90’ 0 ) E
@ Machine learning equivalent 0.05] ' (0.0 g
- 1 0.25 ]
(parton shower, detector effects) 0.04; oo Goto) £
0.03f 1 — (6p.—0)) :
: : - 0.15F :
R opt.1 - train +mix vs -mix ooz, o -
] . 0.01F 0.05F
R opt.2 - train 0 vs 6, (SM) T B
-1-0.8-06-04-02 0 02040608 1 % 010203040506070809 1
“%opt,l 1 -%

opt,2

® Essential to limit the set of 0,

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

P(6))

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

.......... 2 04 06 o8 0 02 04 o6 08 1
P(6,)
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LHC EFT Analysis

C(pW, C(pB, C(pWB N ny

e Feynman rules for SMEFT

N cov,coB coVE ¢,
—_— 4'—/2 ] \
relate processes and operators +g27i ;QI.C@WX‘]O,;W 1 pamn)  rotate operators
0 419V .
A'UQ + gg _'g_ I 2 CSOB‘gpllmpgl —P1 'p277,u1u2)
diggw :
. Y CEWE (D" — D1~ P2y o)
page 62 STIVAYAYA S h 94,_,2@ - IR
tg Wk tgv a
arXiv:1704.03888 " WCSOWP: 11751 Hpze i §2 + §/; C“PB 11]951 Cuip2a B
A\ 3 Y 4
4igg'v® v H o -
- #‘gapv‘/f’ml 1pg1€,u1u20¢151
- ]
® In the end relate to observables x ‘o

reco S

— kinematic effects affect sensitivity to EFT parameters ¢/

— experimental choice

® For an optimal analysis — optimize target set of operators in advance

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

. — determine sensitive 0, in advance
. — rotate operators to remove flat directions

-------------------------------------------------------
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Target set of operators

Main HVV:

0
Ay,

page 62 n

0

A AN Z),

B

+
W,

ho----- W,

0
Z,,

page 63

14 B WB
coW CvB ¢
c*W coB,co"B ¢
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g% oW B ~eWB
gQ +g,2 ceW (plfgpgl — D1 'p277u1u2) C 9 C o C — C}/}/
4ig*v oW B ~oWB ~
7y 207 PP = P o) c?",C7, C = Gy
4igg/v eWB H2, 1
2120 PR PP rotate operators
4igv 4ig%v 5
chwp?lpgl €pipzon fr + WC@BP?IPQI €uipaan B
4igg'v
o 72 +g/2 CQDWBp(lllpglemmoqﬁl
. coW ceB coWB 5 ¢
tggv W, ps, p ? ? V44
+ cP( — Py - 5) ~ ~ ~
§2+§,2 b1 Ps P1 - P3Muqps QDW qu ¢WB -
4igg'v C ’ C ’ C - CZ
_ B (phapht — p; - ) 4
72 +§/2 p1 P3 P1 - DP3Mpaps
2iv <§’2 B 92) W B
* ch (plll?’pgl — P 'p377u1M3)
4igg"v o o B 4iGFY B generate:
7+ g2 1 P3 €urpzanpr P+7° 1 P3 €uipzanpr
2iv (g’2 — 92) _
WB B
N §2 + §’2 c p(lllpi%leulu?,alﬁl
L., 1. 5 3 oo 1. 93 oD
+§zg Vpops + §zg VN CF — gzg VN oz C

+ 4ivC?" (php5? — pa - Py, ) + 4i0CY

w [/ 2 W [ _ )
+o (92 +g, > Nuaps T —5~ (92 +g, > anSC«pD

W, a1, B

70y

2 2
3ivd (5 4ig%v ,
Ty (92+g/ ) UW’BC@D—F.@Q 7 C? (ph° P5* — P2 PaTljiops
4@,2” @B (13 H2
+ gQ +g12 (pZ b3y — D2 'p377u2u3)
o)
1gg v _ ) .
72 + g2 Chdi (77M2u3 (—4]?2 p3+ g +7 1)2) + 4pg3p§2>
42'@21} ’W" 4'L'g,2’0 E
g%+ §’2 : pglp§16“2“3a161 T g2 + §/2 e pglpgleﬂﬂlﬁalﬁl
4igg'v s
g2 + ng ¢ pglpgl €popzon Br
10

)

P2 P3 €uspsarpr

expect Z£¢ and
Z.qq with light g
to be well
constrained
elsewhere
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Quark-gauge couplings:

page 40

ufl

i , 2
Ofi fa ((§’2 - 3?/2) 3 Pp + 4g'* 1 PR)

P (C}g/}/l*UuSVPL + 0?1%0#3VPR>

2g'v , )
YOI (Cf0" P + CJl0 Pr)

N

Lo [ o 2 % 1
+ St 32+7 Kflg2KfzglC;’;qgl*y“3PL

1. 2 /- —2 * 3
- 5“’ 92 +9 Kflgsz291C;’;(1917u3PL

1, _ _ u
+ 5@02\/92 + g’QC}lezfy“SPR

Expect the following to be better constrained elsewhere:

A.8 Quark-gluon vertices

Umo

f1

page 58 tm
b,

it
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—iGs0f, £, T

—iGs0 1, 1, T iy 1 — V20 T3, (CYSG o3 P, + C4G, 05 Pp)

1

3/2 5f1f20g0WB ((39/2 - §2> v Pr, — 4§27“3PR>

e = VI T, (CH 0 P+ O, 0" P

generate: Zit coupling

wd L

consider C#', C&'" 7

“operator rotation”
to remove blind directions
(or “eigenvectors”)

need to check if other processes, like ttZ, constrain it better...

(assuming no flavor symmetry for the top)

generate:

:Zj‘m
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Contact terms with gluons:

ul?,
page 59 h . Ius L VI TS (CFG0" Py + CJG,0% Pr) generate:

Umy

.
------------------------------------------------------

oA
g A

2,
page 60 ) g “: dlpole Operator
R VT, (Cf P+ Cf 0 )

.
-----------------------------------------------------

(also helicity structure
and suppression may
make linear terms vanish)

Constrained by:

(expecting these operators to be much better constrained in processes without Higgs)

A.8 Quark-gluon vertices

ul?,
s as _igséflﬁmimzfyusi_ \/ﬁvpgmimz (C}chj”TU%UPL + C}Llcj‘zauSVPR)
) :
gu3 " K]

page 58 wm TTRERRD GG et

iz,
f as 7ig$6f1f27—ﬂ%?m27u357 ﬂvpng%?mQ (C}igqUNSVPL + C?S2O-H3VPR) g
dﬂ’lbl g;U'S -‘t ,:

. *
-----------------------------------------------------
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Contact terms with leptons:

ef?

page 29 eh

Constrained by:

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

JECIR
- (O3l P+ Ot R
+%P2 (CRy o™ PL+ Cfp, 0" Pr)
! \/% P (CR7, 0" P + C§},0"" Pr)
+ZUWC’(’D” “4PL+iv\/g+70¢1f2 Ha pr
+1UWC’“”1f2 Ha pp ;

.
-----------------------------------------------------------------

generate H(125) — 4¢:

(expecting these operators to be much better constrained in processes without Higgs outside of LHC)

efl

page 25

efQ
efl ZO

M3
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/ Z929/202

---------------------------------------------------------
.

:t 2]?3 (CJ%:‘]{:U%VPL + OflfzoﬂusVPR) -E

V@' +7
— — ===} (C§I}i 0" P + C§[},0" Pr) i

.
---------------------------------------------------------

i 2
RN Tl ((g’ —g> V3P + 29 7’“PR)
G +g
igg'v? WB 2 o 2
s (7)o
g +g

20v ’
VRV (o gnor py 4 Ot ) ':

V27

+ pg (CeB*U#WPL + Cf1f2U#SVPR)

Vit +3”
1 1 I 13 :
A\ G+ g2 CF P+ w V@ +g°Chp P
2, /g + g/2c¢’ #SPR .

. *
----------------------------------------------------------------------

note 1/2...
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Contact terms with up quarks:

uf?
.'.‘ =1 .“:
LY (Ot P+ O P
0 PV = t VH:
f A : generate e.g. VH:

H3 =
: \/§_ * v v .
P ok (O™ P+ Cfff,0" Pr)

3 +g*

page 45 e, .

fa V2
u g Wk v v
N Py (Chop o™ Pp+ Cp, 0" Pr)

é fg Bx v B v g

fi ——e----- h Pt N Dy (C?Qfl o™ P + C}AlfQUM4 PR) :
P Vg tg :
P i\ g%+ 5K g, K, Col Y P

0 : [y : 7T —>
Zu4 é —iv\/ g2 + g/QKfngK;Mlcwzqg?;,yMPL +ivy/ g% + g/QCSO M4 PR : (aISO qq Hy)

g 7

Constrained by vt eeatateeeteerrasaeatat et eeenaeanateeeeeeeanananaeenneeenannnananns®® ’
(expecting these operators to be much better constrained in processes without Higgs outside of LHC)

299 5 2ig°g *v? s _
(see Ztt earlier)

-: \/iglv W w ."'
AD g%+ ng (C};ﬁ o' P, + C}Llfzaml/PR)

ufl 113 :
E uBx uB v
P — ———=f (C}, 0" PL + C}},0"" Pr)

page 40

+72 Of1 f2 ((§’2 — 39 ) Y1 P+ 4g' 'YMPR)
2+ g’

Zgg v? 2 _
g+ g

---------------------------------------------------------
*>
t

" g uW sk uW v .
P g%+ g’Q (Cf2f1 o' P+ C 1f20”u3 PR) .

\/ig v B )
Z,Ss 2T 2 +g7 p3 (C};ﬁO_MVPL + Cf1f2UM3VPR) é

Lo [ o 2 * 1
+§w 3+7 Ky g, K5, Coil A" P

:
:
:
:
:
:

:

: :

“ -

.........................................................

ufl

1 3
_5“) g +d Kflgsz291C£%17H3PL
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Contact terms with down quarks:

B eeeeeee e ne et e e s nanen,

57
: +7fg Y (C?!Vﬁ*a’*S”PL + Cj‘%(f"?’”PR)

: 5 208 .
n A0, IV ;g generate e.g. VH:
: : 2-@ 4 * 14 3V E
: L (e p o)
it —————— /
h /
/
/
page 45 e, .
de E \/ig v dW % v dW v :
! \/WPA‘ <Cf2f1 oM P + O p,0™ PR)
: \/ig/ v dBx v dB v
dft —<—&----- h " 72+ g/2p4 ( o P+ Cpi o™ PR)

+iv\/ g% + g’zCﬁ%'y“‘lPL +iv\/ g% + g’QC;flqgfy““PL
0 H
Zua +ivy/ g% + g’zCﬁ%'y“‘lPR

Constrained by Ot 3

(expecting these operators to be much better constrained in processes without Higgs outside of LHC)

o) =212 2
19g g g v WB
df2 +3\/W6.f1f27 - 3(72+7/2)3/2 f1f20 yHe
g
B
page 40 S VY (e, | oW i
" 0 . =27 (s it
u3 H
E \/ig’l) v dBx v dB 3V
- g2+g/2p3( popo P+ Cpppo™ PR)
L >+ g% v P — 294" P,
5 i 39°+9" )" PL— 29" Pp
g
sl .2
tggv _ ) . _9 4
i 6 (2 —/2)3/‘2 05 12 CFP ((92 + 3¢ )WPL - 2927#3PR)
a0 LN 0 U
.: \/ng . A ‘e
page 41 } : +T+g/2pg( Wty 4 O, o Pr)
df Z9

V27 dBx dB
g%+ §/2p§ ( fzflaHSVPL + Cf1f20#3VPR>

: 1. 1,

P+ §zv2\/§2 + g/Qijlq]}ny/‘SPL + §zv2\/§2 + g’QCﬁqu’wa#SPL
: 1. ., d

P+ §w2\/92 + g’QC’;ﬁ’lfoy““PR

Andrei Gritsan’JHU T aassssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssast’ ) November |5’ 2023



Gluon fusion with loop O and point-like O interactions:

i .
—0npma, — s pCPmay,

iv?

=

v D dpx dep
+ 00O My, + (PLszfl + PRCflfz)

() .
_;5f1f2m“f1 — WOy Csmm“fl

. . 2
(4 D (4% Up* uUP
T 00RO My, + (PeCf + PaCy?,)

generate:

consider (Kt’ ﬁt), (Kb’ ”z‘b)

“operator rotation”
to remove blind directions

(or “eigenvectors”)

------------------------------------------------------------------------
.

: use common NNNLO K factor?

(including off-shell H*+box)

.
------------------------------------------------------------------------

F4i00,4,05 CPC (DD — D1 - Doy ia) + 40080103 CFEDY Dy €t pren 1

no CP-odd contribution, further suppressed by asz

dfz
page 42 dft ———%----- h
w2
page 43
uft —<—e -~ h
A.11 Higgs-gluon vertices
Iz
page 99
Juy “OTOOW -~~~ - h
page 101
9ui3 g
9 . g
Andrei Gritsan, JHU N

(like NNLO in QCD for the t loop)

N e

—4divg; Cc” ((77#111477!12#3 - 77#1#377/@#4) fa1a261 fa3a4b1
+ (77M1u477u2u3 — Npape 77u3u4) Jarasby fazasby
+ (77M1u377u2u4 - 77u1u277u3u4) Jarasby fazasb1)

16

generate:

generate:
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-----------------------------------------------------------------------------------------------------------------------------
. 3
S 3

3 K., K, K, K ~ s
More on the loops 2o So> Bb Kp:Kgp & %0 %0

. *
« .
.............................................................................................................................

at 125 GeV, and when kinematic distributions not tested (e.g. no 2 jets):
arXiv:2109.13363

Ry = 1.1068 k7 + 0.0082 k7 — 0.1150 rigkp, + 2.5717 &7 + 0.0091 &7 — 0.1982 & iy
+1.0298 (N./3)°k% + 2.1357 (N, /3) gkt — 0.1109 (N, /3) kg ki
+2.3170 (N, /3)?72% + 4.8821 (N,./3)k Ry — 0.1880 (N./3)& oy - (13)

where k), K, from heavy particle in the loop, equivalent to c?G, c?C (relationship in arXiv)

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

Similarly: }//Z }//Z ....................................................................

---ng }/ —--szz/ }/ KQ,IA(:Q = va, EV}/

gWW2 gvw gvw gvw
Ry, = 1.60932( 12 ) —0.69064( 12 >nt+0.00912 ( 12 )mb—0.49725 ( 12 )(NCQ2 KQ)

40.07404 k2 4 0.00002 7 — 0.00186 ¢ iy,

+0.03841 (N, Q? kg)” +0.10666 1, (N. Q* i) — 0.00136 iy (N Q° ko)
+0.20533 &7 4 0.00006 75 — 0.00300 &, s

+0.10252 (N. Q2 Rg)” + 0.29018 7 (N, Q fo) — 0.00202 /% (N. Qg -

gWW2 gvw gvw gvw
Rz, = 1.11965 ( 12 ) —0.12652 ( 12 >mt+0.00348 < 12 >/€b—0.13021 ( 12 )(NCRQKQ)

40.00357 k2 + 0.000003 s — 0.00018 Ky,

+0.00377 (N, Rokg)® +0.00734 k; (N. Rorg) — 0.00019 £y (N. Roko)
40.00849 72 + 0.000004 &7 — 0.00025 & &y,

+0.00883 (N, Roig)” + 0.01723 &, (N, Rofo) — 0.00024 &, (N, RoRg) -
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“VBS”: gluon fusion with off-shell H* ~ §0G C.QDCN;
’

JE— s e
k.k i @ off-shell H* is one possible place Iz
ZZI:} to disentangle 7
6
Kos Ko — point-like interacti'on Ko ~ c?C ;
— loop K, ’ T
................................ ~ —neglect k, ! )
! e combination of i
arXiv:2002.09888 ttH,tH, ggH
A B L S I at 125 GeV
1E CJx [JH -
- * L E IS the way to go
= [ I, gg—4l S e mmmmmsmsmssm==== >
~ ) f_ CCDG |:| Kq " _f .
Em ; 1 arXiv:i2104.12152
) ] ! E
AN, ]
S 10 =
= F - @ no CP structure
Eﬁh _; - in H — bb
S Jw=  but constrain
E = 2 ~2
© = || LHC, 13 Tev s Kb + Kb
107° E JHUGen+MCFM+HNNLO E
| 2(|)0 — 4(|)O — 6(|)0 B 8_00

m,,[GeV]
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https://arxiv.org/abs/2002.09888
https://arxiv.org/abs/2104.12152

ig*
*2 + =12

619 . CW [ 14 12 14 M2, 14 K2 N4)
Ny ps

(77#1#477;&#3 + My pis Mpopia — 277#1#277%#4)

VBS: quartic gauge boson couplings +

‘ .

p3 Pl — D1 P33 — Dy P71 —P3 Py

2+g LJEERN
+ Maa (P PV — PPN — D521 — Pl ph®)
+ o (D5 D" — 05 Py — Pl b — ph'pl) generate:
+ Mz pua (pi“p‘f Py Py — ph'py’ — pi“p’f3>
= Mo (P4 (P34 pa)™™ + (p3 + pa)*ps*)

page 96 W, ~ Nuspia (p2 (p1 +p2)? + (¢ +p2)“1p’f2)

+ My s Mpapa (P1 P2+ P2 P3) + My s Mpops (P1 - P3 + P2 - pa)
— Ny o Muapes (P1 - P3 + P1 - Pa + P2 - D3 + D2 '104))

W 70 33 0 e%" U,
N " 299 v “DWB’GW Mg+ Ty s s o = 2lps oz s o)
Y o 1 pa o ps T Myt ps Mz pra 1 o Tz pra
(9% +37) teanse
- ‘ b
ZO 2Zg L CW‘ a1 %) a1
Ha 6#1#3#40&1 (pl (p3 _p4) + (p3 - p4) (pl +p2) )

2 + 9’20. .®
+ €popzpaan (P (3 — pa)™* + (p3 — p4)“1( p1+p2)*t)
t €uspipzon (p§4 (pl - p2) ! ( )N (p3 + p4)a1)

+ €papipzon (pifd (p1 - p2)a1 + (pl p2)“3( p3 + p4)a1)

B B
+ nu1u3€uzy4a151pglp4l + 77u1u4€u2#3a151p2 psl

B
+ Mpops 6#1#4041,31]7?1]751 + Nuzpa €M1M3a1ﬁ1p?lp31

B 3
- 277u1u26#3#404151pglp41 - 277#3#416#1#2041/31271 Py’

+ €1 popapa (P1 D3+ P2 Da — P1-Da — P2 -ps))

VBS: triple gauge boson Couplings +L,2 (77#1M2(p1 _pQ)M3 + 77#2#3(]92 _p3)u1 + Nus pr (p3 _pl)m) generate:

a2

IR
6ig WP _p1, p2 3 w1, p2 (3 w3 ©3
\/——+t0 }pg D1 DPy” — Py P3P T Nuipe (p1 b2 -pP3 — Py P1 ‘pS) q 9
72+ g%
F oy (P’ p1 Ps, —p3 'p1 - p2) + Nuaps (P57 D1 - P2 — P2 - p3)) ¢
W iggv? o WB ) ) 2 W z
#2 + 70" ,'(mw (@7Ph = T°D%) + Ny (@705 + F204)
page 93 (g2 + ) %, !
) —12
W+ 70 + Mg (=9 p’ém - 9, p’f2)> Wg
1258 3 27/9 Q‘ NQ gl
— 3 W,(emmmal (p1'p2 - p3 + p5'p1-p3 + D5 1 - P2)
VP + 7% W Z
+ €upoa f1 (pl - p2)M3p1 p26 + €popzan B (p2 _p3)ulpalp61 i
+ €ugpan iy (P3 — 1) pglpﬁ 1) q q

0.._“

CW, CW < in VBS, but expect much better constraints in WW, WZ, or single-V production...
(without Higgs)
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Four-fermion operators?

just one of several examples:

page 105...

dfz
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mM181 um353
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. % 3
— 22Kf392Kf491 <5m1m25m3m4 (V#PL)SL% (V“PL)Sifs‘lC?ffzgzm
3
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1
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leave it to be constrained elsewhere?

Andrei Gritsan, JHU
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List of operators of interest in Higgs processes with VBF, VH, ggH topology, including VBS:

C?G, 70
: ’ « hard to separate without t7H, tH, but “easy” with those
- K;, K4y Ky, Ky, also unique in off-shell H

C Zﬂ, Cgﬂ 7 may be important in the Higgs fits...

CW, CW 7 < may be important in the Higgs fits...
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Rotation of HV'V basis, experimentally measurable “eigenvectors” a priori:

oW B ~oWB ~ 5 X
C ) C ) C < Crz0 CZ}” CW
1% B WB
Cco"v C?°,C? O Cp Cp Gy Rosetta
) V. arXiv:1508.05895
CeC, Cv6

"”‘ 492 12 492 392 _|_g/2
KX 5Cw:_cH_gz_g/20W5+ z_gzzc - 92_9/25 ’
Co°,C?
.................................................................. ’.” Cgg = CGG ,
i "’. Cww — CWW ,
C @D $ L _ g'eww +49°9%cwn +g"cpp
cvd | 0
Cyg = — ! L Peww —26*—gP)ews —g®cpp | "
D 4 L 9+ 9" -
C(P :.. Cyy = cww + CBB — 4cw B, 5
e e l2l llllllllllllllllllllllllllllllllllllllllllllllllllll
CT — 4 Cwl] = 92 — 9/2 [g/QCWB —cr + 51)] ,
e T :
P c.o= — ? [CT-— 5@} ,
Constrained elsewhere ................... 2 .......
2 2
e 0= 6+ oPewn — 2er 4 250].
5C , C ...........
<7 K Here, 01ris.dgfined by
1 / ....7 ey, . 1
ov = 3 [(CHE)ll + (CH£)22] ""Z(,C.é£21221 (15)
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https://arxiv.org/abs/1508.05895

A sensitivity study of VBS and diboson WW to

dimension-6 EFT operators at the LHC
Compatre to:

arXiv:2108.03199

R. Bellan,%¢ G. Boldrini,*? D. Brambilla,® |. Brivio,® R. Brusa,® F. Cetorelli,>? M.
Chiusi,* R. Covarelli,%¢ V. Del Tatto,” P. Govoni,*® A. Massironi,’ L. Olivi,? G.
Ortona,? G. Pizzati, A. Tarabini,9 A. Vagnerini,%¢ E. Vernazza,® J. Xiao®/

Thanks for discussion to
llaria B., Pietro G., Giacomo B., et al. !

= (H'iD,H)(T"1,) ) _ (H'iD!H)(,0'"1,)
also to Oscar Eboli! QHq (=YD, H) (g, q) Q) = (HiD! H)(g,0'1p)
= (@) (@7"a,) Qin"” = (@) (@7"a)
= (Yo' ) (@ 0" qr) QWY = (@1uo'a) (@ o' qy)
Qup = (H'D,H)(H'D'H) Quo = (H'H)O(H'H)
Quwp = (H'o'H)W!, B Quw = (HTH)W!, Wi
Qw = R W WIPW Q) = (pyuly) (1)
Table 1. The subset of Warsaw basis operators considered in this work. Repeated indices are

understood to be summed over. p,r are flavour indices, and a U(3)°-invariant flavour structure is

assiimed.

Observations: (1) C?*P and CP-odd operators can be added here
2) C o1 cet3 ceal Ccra’ suggested to constrain from Zff elsewhere
(3) four-fermion operator proliferation...

(4) QCD production cross-feed potentially to be added here (e.g. C%C, C‘/’G)
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https://arxiv.org/abs/2108.03199

Summary (EFT in dedicated Higgs fits)

e Optimizing the target set of EFT operators 0. is important in advance:

— determine sensitive ¢, (optimal observables)

— rotate operators to remove flat directions

® Some work is needed to determine and/or agree on

(1) main target operators = optimal / special observables

(2) secondary operators = to be also considered in the fit
- (3) irrelevant operators = to be dropped (e.g. Z — £¢ well constrained)

® Rotation or removal of operators does not exclude later combination

qu (p ( 9 -~
c",C < 0c,c, (“a ") K, K, Kp, K,
CCOW, C¢B, CCDWB <~ C , C , C (uaVV u)

~ _ - &5y 2 CcZit cZit 9

oW B ~oWB ~ = « , > “R
c?", C ~,C < (. CChp (@)Y ~

CDG CDG —_ ~ “, 28 » W W ‘7
Cc?,C Cogs Cog (“‘ass”) c",C
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