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Introduction Model Constraints Results Summary

Motivation
; [ 68% and 95% probability contopr:
O o5 Fit without M,,, m|, and m|,
. (.2. L [T1] Fit without M,, and m,
The Standard Model is complete. ¢ | Trur
L []:[] Experimental r 1t
Lsn is working very well. 200 -
: o
No conclusive signs for i /
New Physics at the EW scale. 150
- ‘80‘.3‘ — ‘80.4‘
= Test quantum structure of SM Mw [GeV]

to find New Physics effects.
[de Blas et al. '16]
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Introduction Model Constraints Results Summary

EFT approaches to physics beyond the SM

Assuming a mass gap between the SM and New Physics:
SMEFT Electroweak chiral Lagrangian

e hin a doublet e hand ¢, are independent

o L=Lsm+ Y a2 GO e L#LgyOLO

d>4
e Expansion in dimensions e Expansion in chiral dimensions
and v2/f?
[JHEP 12 (2016) 135] [arXiv:1803.00939]
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EFT approaches to physics beyond the SM

Assuming a mass gap between the SM and New Physics:

SMEFT

e hin a doublet

o L=Lsm+ Y x> GOi
d>4

e Expansion in dimensions

[JHEP 12 (2016) 135]
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Electroweak chiral Lagrangian

e hand ¢, are independent
o L# Lgy @LO

e Expansion in chiral dimensions
and v2/f?

[arXiv:1803.00939]




Introduction Model Constraints Results Summary

HEPfit

< C  ® hepfit.romal.infn.it

-
Mflt home developers samples documentation

HEPfit: a Code for the Combination of Indirect and
Direct Constraints on High Energy Physics Models.

@ |5 e

- L_'_.T. £

)
Higgs Physics Precision Electroweak Flavour Physics BSM Physics
HEPfit The.
Higgs couplings and analyze data are included in HEP£4t HEPfit Model can y
on signal strengths. lepton flavour dynamics. models In HEP£4t.

Dedicated ICHEP talk: HEPfit: The Analysis Toolkit
— Tomorrow @ 11:45
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Introduction Model Constraints Results Summary

SMEFT

Assuming that New Physics decouples
and the effective theory has a cut-off scale A:

1
ESMEFT = ESM (+/\£5 Z C 0(6)

New Physics effects suppressed by /‘(—2 or ﬁ—z at leading order.
Truncation at D = 6 implies v, p < A.

59 different flavour conserving operators!
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Introduction Model Constraints Results Summary

SMEFT

Lsyerr = Lsm (+L5) + % Z,' CQi+

X? ¢® and ¢'D? (LL)(LL)
Qo | reramcs | o, (o) Qe Q| @)@
Qg | IPGPGIGS | Q| (Plo0ele) | Qu W @)@ a)
Qu | EWEWIWE ) Qup | (#1D"¢)" (¢'Dug) | Qus Q| @r'a) @ ' e)
Q| KWW oW K QY | W)@ e)
X% VX V32D Q7 | ') @rt'a)
Qo | etecnem | Qu | Gore)rowl, | Q) | (@iB, @)
Qo | elelhe | Qu | Gore)eB. | QY | (#iDl )G
Qo | eleWLW | Que | @o T u)EGh | Que | (@i, o) et
Q| WL | Quv | @oru)r e W | Q2 | (@liD, o) @)
Qs | ¢'0BuB™ | Qus| (Go"u)? B 9 | (01D ) @ ) [GIMR 1008.4884]
Qi | ¢9BuB” | Quo | @0 e Gl | Qui | (¢iD,0) (@)
Quvs | e WLBY | Quv | @ d)r oWl | Qui | (#iD,@)(dyrd,)
Qs | ATeWLBY | Qus | (@0"d)pBu | Qua| i(FDup)in"d,)

Only linear order, no running (C; at ew scale)
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Introduction Model Constraints Results Summary

SMEFT

Lsyerr = Lsm (+L5) + % Z,— Qi+

X3 ¢® and ¢'D? P2® (LL)(LL)
Qo | FAPOGIGEGS | Q, (¢le)? [ (e'e) (erp) Qu () (L) )
Qa | FECGIGEGS [ Qu | (Plo)0ele) )| Que | (#9)@ud) Qi | (@a) (@ %)
Qw E”KV-V,Z“WJ”W,,K’J Qen (WD"W)*(VTDWJ Qup (') Gdrv) Q4 | @mr'a) @ a)
Q| MW e QL (bpyule) (@7 ar)
X2 Xy 422D QY | Gyt (@ )
(Quo | #wGae™ Y Qv | Gomenr'oWl, | QY | (liBe)Eam,)
Qi | P00aG™ | Qs | (Gome)eBu | QY | (21D} )Ty,
Qv | @leWLW™ ) Que | @0 T*u)3G | Qpe (szM( anter)

Qi | AW | Que | @)W | Q8 | (4B, )@t
Qe Pl BuB” ) Qu | (@0 )7 B 9 | (@iB! o) @' a) [GIMR 1008.4884]
o "o B B Que | @ TAd)p G, | Qo | (211D, o) (@0,

)

Quws | @ eWLB™ )| Quv | @0 d)T'o W), | Qu (»auD,L ©)(dyyd,
Quivp | ST WLBY | Qs | (G0"d)¢Bu | Qe | (P Dup) @y d,)

Only linear order, no running (C; at ew scale)
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Introduction Model Constraints Results Summary

EWPO - effective interactions

o lim @)V s 1.2
= (G- ) ds= G
1 v2 1 v2
d _ (1) (3) d _
gl =5 (€ + ) jor deh = 3G
RS WO RN C N
et =5 (' - &)
1 (1) 3) v2 1 v2
5ge:—§ (C¢/ +C¢/ ) 2" 5gR__§C¢epv
2 '
_ BV ©NIM .’
Vg = C¢q A2 O0Uey = <C¢/ ) A2 '\/\/\’l’LL
AS = dawew ¢V AT = 3 Cpl
dem(Mz) ~OWB 72 20em(Mz) ~?D 72
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Introduction Model Constraints Results Summary

EWPO — inputs

SM part at highest available precision + linear SMEFT corrections

EWPO inputs from
o LEP 1 (/s ~ M)
e LEP 2 (160 GeV < /s < 210 GeV)
e SLC
@ Tevatron
e LHC
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Introduction Model Constraints Results Summary

Higgs signal strengths — effective interactions

T

The signal strengths are calculated with Madgraph and eHDecay.
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Constraints

| bb | WW | 77 | ZZ | v | Zv | pp |
SM Br [ 57.5% [ 21.6% [ 6.3% | 2.7% | 2.3%0 [ 1.6%0 | 0.2%o |

ggF8 87.2% - AC AC AC AC AC AC
gegF13  87.1% - AC C AC AC AC AC
VBF8 7.2% - AC AC AC AC AC AC
VBF13  7.4% C AC C AC AC AC AC
Vh8 5.1% AC AC AC AC AC AC AC
Vh13 4.4% AC AC C AC AC AC AC
tth8 0.6% AC - - AC AC AC AC
tth13 1.0% AC AC AC AC AC AC AC
Vh2 Tev

tth2 Tev

Uncertainty of the signal strengths i1 £ o
|0<0<05[05<0<1.0[o>10]|
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Introduction Model Constraints Results Summary

EWPO only

Operator  95% prob. range 95% prob. lower bound

& [TeVY on A [TeV] (|Cj| = 1)
Cows  [~0.0095,0.0038] 10
Cop  [~0.028,0.0036] 6.0
ol [-0.0058,0.011] 9.6
¥ [-0.012,0.0051] 9.1
o) [~0.017, 0.005) 7.7
a3 [~0.026,0.044] 48
s [—0.011,0.015) 8.2
Cipu [~0.066, 0.087] 34
Cya [~0.15,0.054] 2.5
Crp  [-0.0093,0.021] 6.8

[preliminary]
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Introduction Model Constraints Results Summary

EWPO only — one operator at a time
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[preliminary]
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Constraints Results Summary

Introduction Model

EWPO only — individual vs. global fit
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Introduction Model Constraints Results Summary

Higgs signal strengths only

Operator  95% prob. range  95% prob. lower bound

G [Tev? on A [TeV] (|G| = 1)
Coc  [—0.00078,0.0062] 13
Cow  [-0.018,0.0083] 7.5
Css  [—0.0053,0.0026] 14
Cowp  [=0.0047,0.0097] 10
Cop [~1.5,0.31] 0.83
Cyr [~0.12,1.6] 0.80
) [~0.62,0.10] 1.3
85 [3.1,1.2] 0.57
G5 [~0.14,0.22) 2.1
Cou [-1.2,1.4] 0.86
Cipa [~3.7,3.5] 0.52
Cop [—0.036, 0.020] 5.2
Cus [-2.1,0.17] 0.69
Cas  [—0.00065,0.066] 3.9
CrL [-0.21,1.2] 0.90

[preliminary]
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Introduction Model Constraints Results Summary

Higgs signal strengths only
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Introduction Model Constraints Results Summary

EWPO and Higgs signal strengths

Operator  95% prob. range  95% prob. lower bound

G [TeV—? on A [TeV] (|Cy] = 1)

Co [—0.00076,0.0063] 13

Cow  [-0.018,0.0084] 75

Cop  [~0.0053,0.0025] 14
Cows  [~0.0052,0.0045] 14

Cop [~0.028,0.0035] 6.0

Cyo [~0.12,1.6] 0.80

oy [~0.0058,0.011] 9.6

oy [—0.012,0.0052] 9.1

clt) [~0.017,0.0051] 7.7

Cf;%) [—0.026, 0.044] 48

clh [~0.010,0.015] 8.1

Cin [~0.066,0.087] 34

Coa [~0.15,0.055] 2.5

Cep [~0.037, 0.020] 5.2

Cus [-2.1,0.16] 0.69

Cao [~0.0006, 0.066] 3.9 o
CrL [~0.0093,0.021] 6.9 [preliminary]
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Introduction Model Constraints Results Summary

EWPO and Higgs signal strengths
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[preliminary]
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Introduction Model Constraints Results Summary

EWPO and Higgs only — individual vs. global fit
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Introduction Model Constraints Results Summary

EWPO and Higgs signal strengths — future
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Introduction Model Constraints Results Summary

Summary

@ Remarkable experimental progress on EWSB with my and p;
measurements.

e Currently Higgs and EWPO test NP scale up to 14 TeV.

@ Much room for improvements at LHC and future facilities.
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Back-up
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Comparison between HEPfit and Ellis/Murphy/Sanz/You

JHEP 12 (2016) 135 and updates arXiv:1803.03252

19 operators 20 operators
Loop effects in ggF and h — vy Only tree-level couplings to h
Future projections Translation to SILH

and concrete models
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Naive comparison between HEPfit and EMSY
== HEPfit 95% excluded by individual fit

30 - = EMSY 95% excluded by /global fit
10 5
<
~ 14
< ]
0.3
m
$3202388ewE®E3 IS s 8093
ST T TTITTUUTTUTITTTFISJIa
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