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Introduction

Vacuum stability

Naturalness

Origin of masses

Baryogenesis
VS.

(& —2)u

Dark matter

Neutrino masses
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General approaches to BSM physics

SMEFT Electroweak chiral Lagrangian
(ewx£)
h in a doublet h and ¢, are independent

ﬁZESM—FZﬁZiC{O,' L # Lsy ©LO

d>4

Expansion in dimensions Expansion in chiral dimensions

and £ = v2/f?
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The electroweak chiral Lagrangian

1 1 1
Lio= —§<GWG“”> — §<WWWW> — ZB‘WBW

+iquDq + il Pl + iagPug + idrDdg + iErDer

2
+ VZ (D, UTDU) (1 + Fy(h)) + %%h@“h — V(h)

4 -
— —— [GLYu(h)UP, qr + GLYa(h)UP_qg + I, Ye(h)UP_{g + h.c]

V2
U =exp(2ip,T?/v)
1
Pi - E Zl: T3

Polynomials V/(h), Fy(h), Yy(h) can be of any order in h,
but focus on one h here.
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The Higgs electroweak chiral Lagrangian

h
Lo =2y (miy W W+ 3m3Z,2") =
- h - h _ h _ h _h
— ctmttt; — cbmbbb— — chTTT; — ccmccc; — cltmuuu;
e? L h e? L g2 h
16 2C7F1“’F 16 2CZ'YZI“’F + 167 T2 26 (GIWG >
c=cM+0(9),

SM_ 1 fori=V,t,b,1,c,u
0 fori=g,v,27.
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HEPfit

What?
Why?

[ ]
Where? flt
Who?

When?
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HEPfit

What?
Why?
Where?
Who?

When?

Otto Eberhardt

High energy physics observables
in the SM and beyond

featuring Flavour observables,
Electroweak precision observables and
Higgs observables
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HEPfit

What? Stand-alone library or global fits for

Why? 'SM | EFT| [2HDM||MSSM] ...

Where?

Who?

When?
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HEPfit

& C|@ heptitromatintait 213

What?

mflt home developers samples documentation

Wh 2 HEPfit: a Code for the Combination of Indirect and
ere! Direct Constraints on High Energy Physics Models.

Why?

Who? R
= u|

Higgs Physics Precision Electroweak. Flavour Physics BSM Physics

When?

on signalsrengths. lepton lavour dynaics. modol n KEPE 1t

http://hepfit.romal.infn.it
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HEPfit
What? HEPfit was already used for:
Why? JHEP 1611 (2016) 026
Where? JHEP 1612 (2016) 135
Who? Eur.Phys.J. C77 (2017) no.10, 688
JHEP 1801 (2018) 108
When?

arXiv:1711.02095
arXiv:1803.00939

+ many proceedings
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https://link.springer.com/article/10.1007%2FJHEP11%282016%29026
https://link.springer.com/article/10.1007%2FJHEP12%282016%29135
https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-017-5270-2
https://link.springer.com/article/10.1007%2FJHEP01%282018%29108
https://arxiv.org/abs/1711.02095
https://arxiv.org/abs/1803.00939
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HEPfit

What? Shehu AbdusSalam  Otto Eberhardt Ana Pefiuelas
(U Tehran) (IFIC Valéncia) (IFIC Valéncia)
Why? | fele <
Where?
rida State)
Who? , ini
(INEN'R
When? Giovanna Cottinf %" Satoshi h Mauto Valli
(NTU Taipei){ - (KEK)" (INFN:Rome)
Anténio Coutinho™  Ayan Paul Norimi Yokozaki
(INFN Rome) (HU Berlin) (Tohoku U)
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HEPfit

What?
Why?
Where?
Who?

When?

Otto Eberhardt

Already now: development version

https://github.com/silvest/HEPfit

Autumn 2018: first fully documented release

http://hepfit.romal.infn.it
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HEPfit

What?
Why?
It's free and it's open-source!
Where?
Who?
When?

How much?
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Current status

Current inputs

| 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<10] 0>1.0]
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Flat vs. Gaussian priors

All priors flat vs. natural solutions:

68.3% regions o, = »
95.4% regions o, = »
99.7% regions o, =
68.3% regions Py
95.4% regions Py
99.7% regions Py
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Flat vs. Gaussian priors

All priors flat vs. natural solutions:

68.3% regions o, = »
95.4% regions o, = »
99.7% regions o, =
68.3% regions Py
95.4% regions Py
99.7% regions Py

Which Gaussians to avoid overfitting?
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Flat vs. Gaussian priors

Otto Eberhardt

HEPfitting the ewx L

=

Choose a Gaussian
with 0 = 0.5

for cc and ¢z,
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All solutions

140
& 07 _
140 Il 68.3% regions
C 95.4% regions
o é ) 1@ @ N 99.7% regions
G 04 1 |
14 1@ 0
118 1©-6 1@
& 0 1 |
-110 1© @ 1@ D
278 In. In.. !
SRERENEN
21— — — —
279 ~ s @ [0 o [—=|
S ofe T (@@ @ ®| =
2le ol slle olle ¢l
101 o &fs 8|8 8[| o0 °
S 018 By 188 188 1= 28 %
104% © o |2 B8 B 3| 06 °
-10 101 -101 -101 -2 0 2-2 0 2
Cv Ct Ch Cr Cu Cg
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Gaussian for ¢, cz,
with Oc,Zvy = 0.5

Flat in Cy,v € [—2,2]
Po cg €[-3,3]
¢ € [—12,12]
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All solutions

110 L Gaussian for ¢, cz,
< ol | -

v 110 BN 68.3% regions with Oc,zy = 0.5

T 95.4% regions
. 14| 916 BEE 99.7% regions . .
© e s e ® Flat in Cy,v € [—2,2]
- - P ¢ €1-3,3
118 tﬁ o @ %\E-n 0 g [ ) ]
sgof o1 b1 Lo ¢y € [-12,12]
1@ [} @ ‘ @ @ ‘ D \
21T In LAl Inl iIrn !

G 0:| m @ w Flat in Cy,v € [0,2]
2 T T T ¢, €[-1,1
270 ol N 1 Ts 2 & o = PerT € [-1.1]

¢ ofo-f-o| jofol jolo] jolof jep) & €-1.1]
20 o1 S lo e 9 = ct+cg >0
Wz e &8 &8 83 fod° ‘

5 0= Boog BB BB (TS (=5
ol e ol &lls & =3 oo

101 -101 -101 -101 -2 0 2-2 2
Cy Ct Ch Cr Cu Cqg
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Current status of the Higgs fits — posteriors

68.3% region

95.4% region I
+0.06

99.7% region cyr- 1.01 o006
68.3% region run 1

+0.09

I
'
HH
'
'
7 95.4% region run 1 i 1.04 o1 e
99.7% region run 1 ons '
68.3% region run 2 Cpr 0.95-013  p—epq
e

95.4% region run 2 01
C.- 1.02 01
T

99.7% region run 2

Cyr-

Cy cr
H O FFE O HFO F NO H NO H NO H NO ~ N
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Current status of the minimal composite Higgs models
£=v2/f?

In the coset SO(5)/SO(4):

cv =v1-¢
Cl(;') =1-¢ or c15)5) = _11555

Otto Eberhardt HEPfitting the ewx L
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Current status of the minimal composite Higgs models

§ 3
04 02 0 04 02 0

§=v2/f? 1
In the coset SO(5)/SO(4): °

cv =V1-¢
cl(;) =1-¢ or cq(f) = _11356

1 EEm 68.3% region
95.4% region
Il 99.7% region

5 -
(S
CHM-4
0.5 —— CHM-5

Otto Eberhardt HEPfitting the ewx L 12 /19



Introduction ewx /£ HEPfit Current status Future projections Summary

Current status of the minimal composite Higgs models

§ 3
04 02 0 04 02 0

£=v2/f

In the coset SO(5)/SO(4): °

Cl(;) =1-¢€ or cq(f) = 7113&6

1 EEm 68.3% region

4: § < 0.22, f > 530 GeV 95.4% region
Il 99.7% region

/
5: £<0.12, > 710 GeV CHM-4
0.5 —— CHM-5

T
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Relation to the k formalism

B= e Y= e = 16(6)] = Ly
cy 1 0 0 0 0 0 Ky
Ct 0 1 0 0 0 0 Kt
w| | o 0 1 0 0 0 Kb
| | O 0 0 1 0 0 K
Cg 0 -0.76 0.04 0 0.72 0 Kg
Cy 415 -0.88 0.012 0.012 0 —-3.29 Koy
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Relation to the k formalism

68.3% region
95.4% region
99.7% region
68.3% region run 1
95.4% region run 1
99.7% region run 1
68.3% region run 2
95.4% region run 2

il

Kt

99.7% region run 2
€1 ﬁ
¢
o .
2
<1
o
2
21
o
2
o1
o
o 1 20 1 20 1 20 1 20 1 20 1 2
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Relation to the k formalism

Para- | Fit result Para- | Fit result | Result from r-fit

meter meter
Ky | 1.00+0.06 || cy [1.00+£0.06 | 1.00+0.06
ke | 1.0475% ¢ | 1.034£0.09 | 1.04+0.10
kp | 0.94+013 | ¢, |09440.13| 0.94+0.13
ke |1.004£010 || ¢ |101+010| 1.0040.10
kg | 1027008 cg | —0.0113%8 | —0.02+0.10
Ky | 0974007 | ¢, |0054+020| 0.06+0.35

Otto Eberhardt
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Future scenarios

Collider | HL-LHC FCC-ee

L [ab_l] 3 12.6

Vs [TeV] 14 0.24
0.35
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Future projections for the HL-LHC

A

71 68.3% region LHC now
95.4% region LHC now

77 99.7% region LHC now
95% region HL-LHC

Otto Eberhardt

HEPfitting the ewx L

cv
Ct
Ch
Cr

T T I T T
= Acy=0.03 —
- Ac, = 0.053 [F—+— —
B ! Ac,—0.039 |
- Ac, = 0.08—F—-— -
H Ac, =0.062
1 1 1 | 1
08 09 10 11 1.2
T T T T T
= — -
: Ac,=0.075
- 4+ —
1 Ac,=0.041
1 1 1 1
-0.2 -0.1 00 01 0.2
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Future projections for ILC, CLIC, CEPC, FCC-ee

7 68.3% region LHC now
95.4% region LHC now
99.7% region LHC now
95% region HL-LHC
95% region ILC-250
95% region ILC-all
95% region CLIC-380
95% region CLIC-all
95% region CEPC

95% region FCC-ee

]
—

0991101 07 1 13 0961104 09111 09 1 11 05 1 15-020 02 -1 0 1-1 0 1
Cv Ct Ch Ce Cr Cu Cg cy Czy
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Future sensitivity to &

77 68.3% now C-2) 95% ILC-250 1 95% CEPC
95.4% now [ 95% ILC-all 95% FCC-ee
7 99.7% now C-_1 95% CLIC-380 —— CHM-4
95% HL-LHC ~ [1 95% CLIC-all —— CHM-5

& down to 0.003
and f up to 4 TeV

can be probed.

Otto Eberhardt HEPfitting the ewx L 18 / 19
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Summary

Fit to the electroweak chiral Lagrangian:

No sign for New Physics in the signal strengths.

LHC now | HL-LHC
(ILC and FCC-ee)
Acy 6% 3% 1%o0
Acx ~ 10% ~ 5% 1%
(X =g,t,b,7)
Ac, 20% 8% 4%
f [TeV] > 0.5 > 0.8 > 4
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Back-up
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Correlations in the current ewy L fit:

cv Ct Cp Ce cr Cu Cg cy Czy
cy 1 0.12 0.71 0.25 0.49 0.09 0.14 0.32 0
¢ | 0.12 1 0.25 0.16 0.05 0.01 -0.68 -0.31 0
¢, | 0.71 0.25 1 0.09 0.56 0.07 0.36 0.03 0
c. | 0.25 0.16 0.09 1 0.14 0.02 0.04 0.03 0
¢ | 0.49 0.05 0.56 0.14 1 0.06 0.25 0.01 0
c. | 0.09 0.01 0.07 0.02 0.06 1 0 0 0
cg | 0.14 -0.68 0.36 0.04 0.25 0 1 0.33 0
c, | 032 -0.31 0.03 0.03 0.01 0 0.33 1 0
Czy 0 0 0 0 0 0 0 0 1

[FIC

INSTITUT DE FISICA
CORPUSCULAR
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Correlations in the current ; fit:

Kv Kt Kb ) Kg Fory
Kv 1 0.13 0.73 0.49 0.26 0.68
ke | 0.13 1 0.27 0.06 0.33 0.05
Kkp | 0.73 0.27 1 0.56 0.74 0.60
ke | 0.49 0.06 0.56 1 0.33 0.47
kg | 0.26 0.33 0.74 0.33 1 0.11
k~ | 0.68 0.05 0.60 0.47 0.11 1

Otto Eberhardt HEPfitting the ewx L



Model Collider LHC | HL-LHC
now
L [ab~1] | 0.06 3
CHM-4 £[x103] | 220 100 13 5.4
f [GeV] 530 770 2200 3300
CHM-5 ¢[x107%] | 120 42 8.9 3.6
f [GeV] 710 1200 2600 4100

Model Collider FCC-ee

L [ab~1] 12.6
CHM-4  £[x1077] 9.2 6.2 4.8
f [GeV] | 1700 | 2500 3300 3500
CHM-5 ¢[x107%] | 15 5.2 4.7 3.2
f [GeV] | 2000 | 3400 3600 4300
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