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Energy & precision

Paradigm shift at the energy t
frontier for BSM searches

Direct (bumps)
ndirect (tails) SM

= New physics is heavy = E > Eiuc
Heavy new physics Standard Model
Precision measurements Effective Field Theory
High energy (SMEFT)

A QFT parameter space for BSM
interactions between SM particles
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Status in a nutshell

Global new physics searches via high precision/energy
« / & W-pole data: handle on the EW gauge sector

e LHC: thriving Higgs & top programmes
* Probing gauge interactions at high energy (VV, VBS, VVV, ...)

How much cross-talk? Where does being global matter?

We know that Higgs data greatly complements LEP

0.15

* Access unconstrained directions in parameter space

* Allows for a closed fit to flavor-universal SMEFT

e Crucial to combine EWPO, Diboson & Higgs data 5
LEP [+]]
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[Maltoni, Vryonidou & Zhang;
JHEP 1610 (2016) 123]

lop & Higgs M) A

10 -

i ) ] I
Inextricably linked in the SM | |
0+

* Yukawa interaction mediates gluon fusion /\ E

10 - _
« Strong BSM motivation to study tops :

=20+ pp—Hj

Gluon fusion is well measured now... -r ?
e Does not exclude top partners/fanomalous Yukawa! i%r

Cy Point-like
HG FOoInt-i Effective coupling degeneracy

C.; Yukawa - e - , = ,
, Blind direction in BSM scenarios
C.c Dipole
| g8l
Need more data to break degeneracy
. ttH production for direct Yukawa measurement f \

. 1t data to constrain dipole (H 4— 11
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The role of top data

g t

1t cross section measurements constrain C,;

« Indirectly improve bounds on Cy and C,y g t
q t

Several other new interactions can affect ¢t

. Notably ggtt operators, of which there are many (14) q t

e To what extent do these limit ultimate NP sensitivity in top/Higgs sector?

Can only be addressed in combined fit SMEFTatNLO
http.//feynrules.irmp.ucl.ac.be/wiki/SMEF TatNL O
[Degrande et al.; PRD 103 (2021) 9, 096024]

 |dentify other cross-talk (non-trivial correlations)

* Beyond tree-level (at least for ggF)

* Broaden range of applicability to UV models
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T h f : fitmaker  https://gitlab.com/kenmimasu/fitrepo
e | t public-friendly version w/ example notebooks in progress

Top, Higgs, Diboson and Electroweak Fit to the

Standard Model Effective Field Theory

John Ellis,**¢ Maeve Madigan,? Ken Mimasu,® Veronica Sanz®/ and Tevong You®%9 [JHE'D 04 (202 7) 279]

Global SMEFT interpretation of 4 categories of data I
aseda on
14 « Electroweak Precision Observables (EWPO): Z-pole & W-mass  [Ellis et al.; JHEP 06

(2018) 146]
118 « LEP2 & LHC diboson production: differential WW, WZ, Zj]

72 * Higgs measurements: signal strengths & STXS Big thanks to authors of
| | SMEFIT analysi

137 « Top data: single-top, ttbar & asymmetries, ttV, tZ, tW [JHEP 04 (éﬁgfﬁé

| for sharing some of their

341 measurements across categories lop preaictions

* Chosen to be statistically independent & maximise reach

* Correlations included when publicly available (mostly are)

SN Y a ol
: : ' . — o a. — —
Linear EFT approximation: Hx Xy, i i A2 A4
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Degrees of freedom

OHWB) OHDa Oll) 0237 0227 OHea OSZI’ O_(r}()l, OHda Onu
Ono, Ong, Opw , Ous, Ow, Og,
OTH) OuH’ ObHa OtHa 20

0%, 04) ., One, O, O, O,
31 38 .18
OQQ ; OQCI 4 OQQ ) O8Qu ’ Ozd’ OtSQ ) OtSu’ 0t8d .

_ . [Grzadkowski et al.; JHEP 10 (2010) 085]
SMEFT: Warsaw basis [Aguilar-Saavedra et al.; arXiv:1802.07237]

In total: 20(34) d.o.f. for two flavor scenarios; _7veed
Top-specific

Dictated by flavor symmetry & sensitivity of dataset

Linear EFT fit: precludes sensitivity to some ops
* Those that cannot interfere due to helicity/symmetries
. €.9. neutral colour-singlet top 4F operators: (gy*q)(ty*t) (x 6)

K. Mimasu - Higgs 2021 - 19/10/2021 7 Top, Higgs, Diboson & EW fit to the SMEFT



Interplay

f f_ Dg‘?j@” 4\ top EW ﬂ

ttV \
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Individual 95% C. L.

ggF+0 jet STXS
ttH

ggF+ =1 jet STXS

tt

ttv
1 Combined
i_3 Marginalised
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10F

-10F,

Top-Higgs interplay

2D Individual constraints

* All others setto O

. ggF/ttH complementarity for (Cye, C,y)
« H+jets STXS & t1V not yet competitive

. Strong impact of #f evident for (C,, Cp;)
 Tension with SM ~ 20

 Significant correlations remain

e Large marginalisation effects

What is the concrete
impact of 4F7?

Ctc

Dipole >Q9J
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Marginalised 4 F | m p a Ct

Marginalised 95% C. L.
Higgs data (no ttH)

Figgs data Fit to "Higgs-only’ subspace

Higgs & Top data
Higgs & Top data (+4F)

+ SM CHI:I’ CHG’ CHW’ CHB’ Cﬂ—], CbH’ CT ) CﬂH
+ C & Cg

- . . . q * Allow a closed fit to Higgs data only

"7 .0.04 -0.02 0.00 0.02 0.04

. Emphasises impact of ttH & tt

Now add in ¢f 4F operators

3,8 1,8 8 8 8 8
+ Co8,C8.C . CS . Ch C

q°> ~tuw’

8
Ctd

-0.04 -0.02 0.00 0.02 0.04 _4}25 20 -15 -10 -5 0 5 10 15

e Relatively mild impact

| « Preferred tf phase space
s different

Triple-gluon

AF : high m,;
e L _ S " "« Able to constrain them
Point-like % Yukawa >> Dipole >\qu independently
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I Top operators: EWPO+top (incl. ttH)

dual

e SU(3)°: EWPO+Diboson+Higgs

VI

d
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BSM implications
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Individual/marginalised = optimistic/pessimistic
 Real models should lie somewhere in between

* |ess underlying parameters - more correlations
* Need to ‘re-run’ the fits to infer on underlying model parameters
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One parameter models

M(A=1) Mass limits (in TeV) AM = 1TeV)

N . . D2 < 3.8 x 1072 1.60
W, - | 135,17 < 8.6 x 1072 1.60
= , k2 <11x107*(TeV?) 1.6 0
S - . : : lys,|? < 1.6 x 1072 1.20
T - (sh)? < 0.04
S - K% < 1.7(TeV?)
As - | . Aag)? < 2.9 x 1072
Qs - |Aqs|? < 0.24
g - | | As|? < 4.5 x 1072
T, - | Az, |? < 0.099
E - . - | IAg|? < 2.2 x 1072
U - . |A\v]? < 7.2 x 1072
¢ | Zgcos 8 < 0.995
0,07 - 1A@.0-|° < 0.88
0; - ' |Ag,|* < 0.14
D- , | IAp|? < 3.8 x 1072
BB, - 9Bp, < 0.92
B, - _ ] , ‘ 195, 1% < 6.9 x 1073
T, _ Az, |? < 0.22
5, - _ , ‘ As, |2 < 2.7 x 102
A, - ) , | Aa, > < 1.7 x 1072
. T . . T .
0 2 - 6 8 10 12
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Conclusions & Outlook

Presented first EWPO, Higgs, Diboson & Top fit in SMEFT
« | HC data sensitivity rivals that of LEP

« Top & Higgs sector are starting to talk to each other

. 1t 4 fermion operators don’t appear to spoil naive picture of interplay

Analytic, linear analysis & public fitmaker code
* Easy to interpret/combine with other likelihoods
e Fast: repeat for subsets, BSM interpretations

» Potentially important quadratic effects, especially in top data

Next steps...
* Quadratic level fit, SMEFT theory errors & EFT validity
* More impact of loops: full NLO & top operators in Higgs decays, EWPO

, _ o [Ethier et al.; arXiv:2105.00006]
 Go beyond 1 particle UV scenarios towards realistic models

K. Mimasu - Higgs 2021 - 19/10/2021 17 Top, Higgs, Diboson & EW fit to the SMEFT


http://feynrules.irmp.ucl.ac.be/wiki/SMEFTatNLO

Backup



Data: EWPO & Diboson

EW precision observables Nobs
Precision electroweak measurements on the Z resonance. 12
Lz, 004, RY, A%, As(SLD), Ay(Pt), R), R? A%y, A%y, Ay & A,

Combination of CDF and DO W-Boson Mass Measurements

LHC run 1 W boson mass measurement by ATLAS

Diboson LEP & LHC Nobs
W W~ angular distribution measurements at LEP II. 8
W W~ total cross section measurements at L3 in the fvfv, lvqq & qqqq 24
final states for 8 energies

W™ W~ total cross section measurements at OPAL in the fvfv, fvqq & 21
qqqq final states for 7 energies

W W~ total cross section measurements at ALEPH in the vfv, fvqq 21
& gqqq final states for 8 energies

ATLAS W+ W~ differential cross section in the evur channel, %, 1
pr > 120 GeV overflow bin 1

ATLAS W+ W~ fiducial differential cross section in the ervur channel, 14
&

ATLAS W Z fiducial differential cross section in the £+#~¢*v channel, 7
fg

CMS W+ Z normalised fiducial differential cross section in the £T¢=¢*y 11
channel, %d‘%

ATLAS Zjj fiducial differential cross section in the ¢~ channel, #;ﬂ 12
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Data: Higgs

LHC Run 1 Higgs Nobs

ATLAS and CMS LHC Run 1 combination of Higgs signal strengths. 21
Production: ggF, VBF, ZH, WH & ttH
Decay: vy, ZZ, WHW—, 7t7— & bb

ATLAS inclusive Z~ signal strength measurement 1

LHC Run 2 Higgs (new) Nobs

ATLAS combination of signal strengths and stage 1.0 STXS in H — 4/ 16/19|25
including ratios of branching fractions to vy, WW*, 757~ & bb
Signal strengths|coarse STXS bins| fine STXS bins

CMS LHC combination of Higgs signal strengths. 23
Production: ggF', VBF, ZH, WH & ttH
Decay: vy, ZZ, WHW—, 7t7=,bb & ptp~
CMS stage 1.0 STXS measurements for H — 7. 13|7
13 parameter fit | 7 parameter fit
CMS stage 1.0 STXS measurements for H — 777~ 9
CMS stage 1.1 STXS measurements for H — 4/ 19

CMS differential cross section measurements of inclusive Higgs produc- 56

tion in the WW?* — fvfv final state.

do | do
dnjee dpy

ATLAS H — Z~ signal strength.
ATLAS H — putp~ signal strength.
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Data: Tevatron, LHC

Run 1 & 2 top

Tevatron & Run 1 top | Nobs I Ref. || Run 2 top Nobs I Ref. |
Tevatron combination of differential tt forward-backward asymmetry, 4 [7] CMS tf differential distributions in the dilepton channel. 6 [46,
Arp(myg). din 50]
A;FLAS tt differential distributions in the dilepton channel. 6 [31] || CMS t# differential distributions in the £+jets channel. 10 [53]
aa_ da
dmu; - _dm“'
A;FLAS tt q‘iaﬂ'erentialddistribut:ons in the £-+jets channel. 7|5/8/5 [24] ATLAS measurement of differential tt charge asymmetry, Ac(my;). 5 [55])
o a o

dm,; | dfy,;l | dp!’ | dly:|" ATLAS titW & ttZ cross section measurements. oy |04i2 2 [58]
C‘E\'IS tt dlfzerentla.l (tiilstrlbutldons in the f+_]ets channel. 7| 10'8 |10 [25, CMS ttW & ttZ cross section measurements. THiw Io-tzz lll [48]
B | = | T,:r' | I 34| CMS ttZ differential distributions. 4|4 [60]
CMS measurement of differential tt charge asymmetry, Ac(my) in the 3 [33] E‘i%v o
dilepton channel. _ ATLAS tiy differential distribution. 11 [62]
ATLAS inclusive measurement tt charge asymmetry, Ac(mq) in the 1 [32] do
dilepton channel dp?

- = M t of differential ti d ch tios for t- 56
ATLAS & CMS combination of differential tt charge asymmetry, 6 [38] CM3 mea'suremen © erentia .cross seciians and charge ratlos for Sl [56]

. . channel single-top quark production.
Ag(my;), in the £+ jets channel. der R, (T
CMS tt double differential distributions in the dilepton channel. 16]16 [18, dp . ; | ¢ (p”“_)
do do do . i i i
el iz — | T | . |16]16 35| CMS measu;‘zement of t-channel single-top and anti-top cross sections. 4 [42]
ATLAS & CMS Run 1 combination of W-boson helicity fractions in top 3 [40] 9t, O, Ty & Be. . . .
decay. fo, f1.& fr CMS measurement of the t-channel single-top and anti-top cross sections. 1111 [45])
ATLAS measurement of W-boson helicity fractions in top decay. 3 [30] ||-2¢ log| 911t | Be.
fos fr& fr C‘I:'IS t-channdil single-top differential distributions. 4/4 [44]
o

CMS measurement of W-boson helicity fractions in top decay. 3 [29] dpT_, I dlyer|
for fr& fr ATLAS tW cross section measurement. 1 [43]
ATLAS ttW & ttZ cross section measurements. oy |0viz 2 [23] CMS tZ cross section measurement. 1 [47]
CMS ttW & ttZ cross section measurements. o4y |04z 2 [26] || CMS tW cross section measurement. 1 [52]
ATLAS ti~ cross section measurement in the /4 jets channel. 1 [36] ATLAS tZ cross section measurement. 1 [49]
CMS tty cross section measurement in the £+ jets channel. 1 [37] CMS tZ (Z — £+£~) cross section measurement 1 [54]
{\E LAS t-il’la.nnel six;gle-top Ziifferentia,l distributions. 4l4j4]5 [39] || ATLAS four-top search in the multi-lepton and same-sign dilepton chan- 1 (63]
aor | ar | dwq | dn nels.
CMS s-channel single-top cross section measurement. 1 [28] || ATLAS four-top search in the single-lepton and opposite-sign dilepton 1 [51)
CMS t-channel single-top differential distributions. 6 |6 [19] || channels.
#'{1_; | #ﬁl CMS four-top search in the multi-lepton and same-sign dilepton chan- 1 [61]
CMS measurement of the t-channel single-top and anti-top cross sections. 11/1]1 [20] nels.
ot |og|oeri| Re. CMS four-top search in the single-lepton and opposite-sign dilepton 1 [59]
ATLAS s-channel single-top cross section measurement. 1 [27) cha.nnels._
CMS tW cross section measurement. 1 [21] || CMS #ébb cross section measurement in the all-jet channel. 1 [57]
ATLAS tW cross section measurement in the single lepton channel. 1 [41] || CMS ttbb cross section measurement in the dilepton channel. 1 [64]
ATLAS tW cross section measurement in the dilepton channel. 1 [22]
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-Isher information breakdown

C; || EWPO

LEP WW

Run 1 SS

Run 2 SS

STXS

LHCWW

Wz

23]

Whel.

tX

72%

Cuawsg || 51

14

28

100

Cy || 99

c® | 99

100

100
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see also [ATLAS-CONF-2020-053]

Removing C,

With Without

15F ' [ " 15
10} 10 -
b Marginalised 95% C. L. 5 - Marginalised 95% C. L.
of Higgs data (no ttH) o Higgs data (no ttH)
T | Higgs data z Higgs data
O ° Higgs & Top data © - Higgs & Top data
-10¢ " Higgs & Top data (+4F) -10 1 ' Higgs & Top data (+4F)
_15F + SM 15 1 + SM
20F 220 A
25 0w 0.00 0.02 0.04 25 _0.'0'4““ 002 .00 00a ooa
3

77.0.04 -0.02 0.00 0.02 0.04 25 20 -15 -10 -5 0 5 10 15 T T J J J T T T T
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95%CL marginalised; C;
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