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Introduction
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ADD GKK + g/q 0 e, µ 1 − 4 j Yes 36.1 n = 2 ATLAS-CONF-2017-0607.75 TeVMD

ADD non-resonant γγ 2 γ − − 36.7 n = 3 HLZ NLO CERN-EP-2017-1328.6 TeVMS

ADD QBH − 2 j − 37.0 n = 6 1703.092178.9 TeVMth

ADD BH high
∑
pT ≥ 1 e, µ ≥ 2 j − 3.2 n = 6, MD = 3 TeV, rot BH 1606.022658.2 TeVMth

ADD BH multijet − ≥ 3 j − 3.6 n = 6, MD = 3 TeV, rot BH 1512.025869.55 TeVMth

RS1 GKK → γγ 2 γ − − 36.7 k/MPl = 0.1 CERN-EP-2017-1324.1 TeVGKK mass

Bulk RS GKK →WW → qqℓν 1 e, µ 1 J Yes 36.1 k/MPl = 1.0 ATLAS-CONF-2017-0511.75 TeVGKK mass

2UED / RPP 1 e, µ ≥ 2 b, ≥ 3 j Yes 13.2 Tier (1,1), B(A(1,1) → tt) = 1 ATLAS-CONF-2016-1041.6 TeVKK mass

SSM Z ′ → ℓℓ 2 e, µ − − 36.1 ATLAS-CONF-2017-0274.5 TeVZ′ mass

SSM Z ′ → ττ 2 τ − − 36.1 ATLAS-CONF-2017-0502.4 TeVZ′ mass
Leptophobic Z ′ → bb − 2 b − 3.2 1603.087911.5 TeVZ′ mass
Leptophobic Z ′ → tt 1 e, µ ≥ 1 b, ≥ 1J/2j Yes 3.2 Γ/m = 3% ATLAS-CONF-2016-0142.0 TeVZ′ mass

SSM W ′ → ℓν 1 e, µ − Yes 36.1 1706.047865.1 TeVW′ mass
HVT V ′ →WV → qqqq model B 0 e, µ 2 J − 36.7 gV = 3 CERN-EP-2017-1473.5 TeVV′ mass
HVT V ′ →WH/ZH model B multi-channel 36.1 gV = 3 ATLAS-CONF-2017-0552.93 TeVV′ mass
LRSM W ′

R → tb 1 e, µ 2 b, 0-1 j Yes 20.3 1410.41031.92 TeVW′ mass
LRSM W ′

R → tb 0 e, µ ≥ 1 b, 1 J − 20.3 1408.08861.76 TeVW′ mass

CI qqqq − 2 j − 37.0 η−LL 1703.0921721.8 TeVΛ

CI ℓℓqq 2 e, µ − − 36.1 η−LL ATLAS-CONF-2017-02740.1 TeVΛ

CI uutt 2(SS)/≥3 e,µ ≥1 b, ≥1 j Yes 20.3 |CRR | = 1 1504.046054.9 TeVΛ

Axial-vector mediator (Dirac DM) 0 e, µ 1 − 4 j Yes 36.1 gq=0.25, gχ=1.0, m(χ) < 400 GeV ATLAS-CONF-2017-0601.5 TeVmmed

Vector mediator (Dirac DM) 0 e, µ, 1 γ ≤ 1 j Yes 36.1 gq=0.25, gχ=1.0, m(χ) < 480 GeV 1704.038481.2 TeVmmed

VVχχ EFT (Dirac DM) 0 e, µ 1 J, ≤ 1 j Yes 3.2 m(χ) < 150 GeV 1608.02372700 GeVM∗

Scalar LQ 1st gen 2 e ≥ 2 j − 3.2 β = 1 1605.060351.1 TeVLQ mass

Scalar LQ 2nd gen 2 µ ≥ 2 j − 3.2 β = 1 1605.060351.05 TeVLQ mass

Scalar LQ 3rd gen 1 e, µ ≥1 b, ≥3 j Yes 20.3 β = 0 1508.04735640 GeVLQ mass

VLQ TT → Ht + X 0 or 1 e, µ ≥ 2 b, ≥ 3 j Yes 13.2 B(T → Ht) = 1 ATLAS-CONF-2016-1041.2 TeVT mass

VLQ TT → Zt + X 1 e, µ ≥ 1 b, ≥ 3 j Yes 36.1 B(T → Zt) = 1 1705.107511.16 TeVT mass

VLQ TT →Wb + X 1 e, µ ≥ 1 b, ≥ 1J/2j Yes 36.1 B(T →Wb) = 1 CERN-EP-2017-0941.35 TeVT mass

VLQ BB → Hb + X 1 e, µ ≥ 2 b, ≥ 3 j Yes 20.3 B(B → Hb) = 1 1505.04306700 GeVB mass

VLQ BB → Zb + X 2/≥3 e, µ ≥2/≥1 b − 20.3 B(B → Zb) = 1 1409.5500790 GeVB mass

VLQ BB →Wt + X 1 e, µ ≥ 1 b, ≥ 1J/2j Yes 36.1 B(B →Wt) = 1 CERN-EP-2017-0941.25 TeVB mass
VLQ QQ →WqWq 1 e, µ ≥ 4 j Yes 20.3 1509.04261690 GeVQ mass

Excited quark q∗ → qg − 2 j − 37.0 only u∗ and d∗, Λ = m(q∗) 1703.091276.0 TeVq∗ mass

Excited quark q∗ → qγ 1 γ 1 j − 36.7 only u∗ and d∗, Λ = m(q∗) CERN-EP-2017-1485.3 TeVq∗ mass

Excited quark b∗ → bg − 1 b, 1 j − 13.3 ATLAS-CONF-2016-0602.3 TeVb∗ mass
Excited quark b∗ →Wt 1 or 2 e, µ 1 b, 2-0 j Yes 20.3 fg = fL = fR = 1 1510.026641.5 TeVb∗ mass
Excited lepton ℓ∗ 3 e, µ − − 20.3 Λ = 3.0 TeV 1411.29213.0 TeVℓ∗ mass
Excited lepton ν∗ 3 e,µ, τ − − 20.3 Λ = 1.6 TeV 1411.29211.6 TeVν∗ mass

LRSM Majorana ν 2 e, µ 2 j − 20.3 m(WR ) = 2.4 TeV, no mixing 1506.060202.0 TeVN0 mass
Higgs triplet H±± → ℓℓ 2,3,4 e,µ (SS) − − 36.1 DY production ATLAS-CONF-2017-053870 GeVH±± mass
Higgs triplet H±± → ℓτ 3 e,µ, τ − − 20.3 DY production, B(H±±

L
→ ℓτ) = 1 1411.2921400 GeVH±± mass

Monotop (non-res prod) 1 e, µ 1 b Yes 20.3 anon−res = 0.2 1410.5404657 GeVspin-1 invisible particle mass

Multi-charged particles − − − 20.3 DY production, |q| = 5e 1504.04188785 GeVmulti-charged particle mass

Magnetic monopoles − − − 7.0 DY production, |g | = 1gD , spin 1/2 1509.080591.34 TeVmonopole mass

Mass scale [TeV]10−1 1 10
√
s = 8 TeV

√
s = 13 TeV

ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits
Status: July 2017

ATLAS Preliminary∫
L dt = (3.2 – 37.0) fb−1

√
s = 8, 13 TeV

*Only a selection of the available mass limits on new states or phenomena is shown.
†Small-radius (large-radius) jets are denoted by the letter j (J). vs.

Vacuum stability

Naturalness

Origin of masses

Baryogenesis

(g − 2)µ

Dark matter

Neutrino masses
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General approaches to BSM physics

SMEFT

h in a doublet

L = LSM +
∑
d>4

1
Λd−4

∑
i ciOi

Expansion in dimensions

Electroweak chiral Lagrangian
(ewχL)

h and ϕa are independent

L 6= LSM @ LO

Expansion in chiral dimensions
and ξ = v2/f 2

Otto Eberhardt HEPfitting the ewχL 3 / 19
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The electroweak chiral Lagrangian

LLO = −1
2
〈GµνGµν〉 − 1

2
〈WµνW

µν〉 − 1
4
BµνB

µν

+ i q̄L /DqL + i ¯̀L /D`L + i ūR /DuR + i d̄R /DdR + i ēR /DeR

+
v2

4
〈DµU†DµU〉 (1 + FU(h)) +

1
2
∂µh∂

µh − V (h)

− v√
2

[
q̄LYu(h)UP+qR + q̄LYd(h)UP−qR + ¯̀

LYe(h)UP−`R + h.c.
]

U = exp(2iϕaT
a/v)

P± =
1
2
± T 3

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

Lfit = 2cV
(
m2

WW+
µ W−µ + 1

2m
2
ZZµZ

µ
) h
v

− ctmt t̄t
h

v
− cbmbb̄b

h

v
− cτmτ τ̄ τ

h

v
− ccmc c̄c

h

v
− cµmµµ̄µ

h

v

+
e2

16π2
cγFµνF

µν h

v
+

e2

16π2
cZγZµνF

µν h

v
+

g2s
16π2

cg 〈GµνGµν〉h
v
,

ci = cSMi +O(ξ),

cSMi =

{
1 for i = V , t, b, τ, c , µ

0 for i = g , γ,Zγ.
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HEPfit

What?

Why?

Where?

Who?

When?

Otto Eberhardt HEPfitting the ewχL 6 / 19



Introduction ewχL HEPfit Current status Future projections Summary

HEPfit

What?

Why?

Where?

Who?

When?

High energy physics observables

in the SM and beyond

featuring Flavour observables,
Electroweak precision observables and
Higgs observables
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HEPfit

What?

Why?

Where?

Who?

When?

Stand-alone library or global fits for

SM EFT 2HDM MSSM ...

b→sγ
∆mBs

b→τν
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HEPfit

What?

Why?

Where?

Who?

When?

http://hepfit.roma1.infn.it
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HEPfit

What?

Why?

Where?

Who?

When?

HEPfit was already used for:

JHEP 1611 (2016) 026

JHEP 1612 (2016) 135

Eur.Phys.J. C77 (2017) no.10, 688

JHEP 1801 (2018) 108

arXiv:1711.02095

arXiv:1803.00939

+ many proceedings

Otto Eberhardt HEPfitting the ewχL 6 / 19

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
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HEPfit

What?

Why?

Where?

Who?

When?

Shehu AbdusSalam
(U Tehran)

Jorge de Blas
(INFN Padova)

Debtosh Chowdhury
(EP Paris)

Marco Ciuchini
(INFN Rome)

Giovanna Cottin
(NTU Taipei)

António Coutinho
(INFN Rome)

Otto Eberhardt
(IFIC València)

Marco Fedele
(U Paris-Sud)

Enrico Franco
(INFN Rome)

Giovanni Grilli
(U São Paulo)

Satoshi Mishima
(KEK)

Ayan Paul
(HU Berlin)

Ana Peñuelas
(IFIC València)

Maurizio Pierini
(CERN)

Laura Reina
(Florida State)

Luca Silvestrini
(INFN Rome)

Mauro Valli
(INFN Rome)

Norimi Yokozaki
(Tohoku U)
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HEPfit

What?

Why?

Where?

Who?

When?

Already now: development version

https://github.com/silvest/HEPfit

Autumn 2018: first fully documented release

http://hepfit.roma1.infn.it
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HEPfit

What?

Why?

Where?

Who?

When?

How much?

It’s free and it’s open-source!
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Current inputs

bb̄ WW ττ ZZ γγ Zγ µµ

SM Br 57.5% 21.6% 6.3% 2.7% 2.3%� 1.6%� 0.2%�
ggF8 87.2% – AC AC AC AC AC AC
ggF13 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 µ± σ:
0 < σ < 0.5 0.5 ≤ σ < 1.0 σ > 1.0

Otto Eberhardt HEPfitting the ewχL 7 / 19
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Flat vs. Gaussian priors

All priors flat vs. natural solutions:

-4 -2 0 2 4
cc

2

1

0

1

2

c b

-4 -2 0 2 4
cc

2

1

0

1

2

c g

68.3% regions c =
95.4% regions c =
99.7% regions c =
68.3% regions 0
95.4% regions 0
99.7% regions 0

Which Gaussians to avoid overfitting?
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Flat vs. Gaussian priors
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Flat vs. Gaussian priors

⇒
Choose a Gaussian

with σ = 0.5

for cc and cZγ
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All solutions
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All solutions
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Current status of the Higgs fits – posteriors
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Current status of the minimal composite Higgs models

ξ = v2/f 2

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

cV =
√
1− ξ

c
(4)
ψ =

√
1− ξ or c

(5)
ψ = 1−2ξ√
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c

68.3% region
95.4% region
99.7% region
CHM-4
CHM-5

0.4 0.2 0 0.4 0.2 0

0.4 0.2 0

4: ξ < 0.22, f > 530 GeV

5: ξ < 0.12, f > 710 GeV
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Current status of the minimal composite Higgs models
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Relation to the κ formalism

κ2X = σ(X→h)
σ(X→h)SM

, κ2Y = Γ(h→Y )
Γ(h→Y )SM

, κi = |fi (cj)| ≡ |Ai (cj )|
|Ai (c

SM
j )|



cV
ct
cb
cτ
cg
cγ

 =



1 0 0 0 0 0
0 1 0 0 0 0
0 0 1 0 0 0
0 0 0 1 0 0
0 −0.76 0.04 0 0.72 0

4.15 −0.88 0.012 0.012 0 −3.29

 ·


κV
κt
κb
κ`
κg
κγ


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Relation to the κ formalism

Para- Fit result Para- Fit result Result from κ-fit
meter meter
κV 1.00± 0.06 cV 1.00± 0.06 1.00± 0.06
κt 1.04+0.09

−0.10 ct 1.03± 0.09 1.04± 0.10
κb 0.94± 0.13 cb 0.94± 0.13 0.94± 0.13
κ` 1.00± 0.10 cτ 1.01± 0.10 1.00± 0.10
κg 1.02+0.08

−0.07 cg −0.01+0.08
−0.07 −0.02± 0.10

κγ 0.97± 0.07 cγ 0.05± 0.20 0.06± 0.35
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Future scenarios

Collider HL-LHC ILC ILC CLIC CLIC CEPC FCC-ee
250 all 380 all

L [ab−1] 3 1.2 5.3 0.5 4 5 12.6
√
s [TeV] 14 0.25 0.25 0.38 0.38 0.25 0.24

0.5 1.4 0.35

1.0 3.0
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Future projections for the HL-LHC
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Introduction ewχL HEPfit Current status Future projections Summary

Future projections for ILC, CLIC, CEPC, FCC-ee
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Future sensitivity to ξ
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Introduction ewχL HEPfit Current status Future projections Summary

Summary

Fit to the electroweak chiral Lagrangian:

No sign for New Physics in the signal strengths.

LHC now HL-LHC Best future sensitivity
(ILC and FCC-ee)

∆cV 6% 3% 1%�
∆cX ≈ 10% ≈ 5% 1%

(X = g , t, b, τ)

∆cγ 20% 8% 4%

f [TeV] > 0.5 > 0.8 > 4
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Back-up
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Correlations in the current ewχL fit:

cV ct cb cc cτ cµ cg cγ cZγ
cV 1 0.12 0.71 0.25 0.49 0.09 0.14 0.32 0
ct 0.12 1 0.25 0.16 0.05 0.01 -0.68 -0.31 0
cb 0.71 0.25 1 0.09 0.56 0.07 0.36 0.03 0
cc 0.25 0.16 0.09 1 0.14 0.02 0.04 0.03 0
cτ 0.49 0.05 0.56 0.14 1 0.06 0.25 0.01 0
cµ 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
cγ 0.32 -0.31 0.03 0.03 0.01 0 0.33 1 0
cZγ 0 0 0 0 0 0 0 0 1
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Correlations in the current κi fit:

κV κt κb κ` κg κγ
κV 1 0.13 0.73 0.49 0.26 0.68
κt 0.13 1 0.27 0.06 0.33 0.05
κb 0.73 0.27 1 0.56 0.74 0.60
κ` 0.49 0.06 0.56 1 0.33 0.47
κg 0.26 0.33 0.74 0.33 1 0.11
κγ 0.68 0.05 0.60 0.47 0.11 1

Otto Eberhardt HEPfitting the ewχL 22 / 19



Model Collider LHC HL-LHC ILC ILC
now 250 all

L [ab−1] 0.06 3 1.2 5.3
CHM-4 ξ [×10−3] 220 100 13 5.4

f [GeV] 530 770 2200 3300
CHM-5 ξ [×10−3] 120 42 8.9 3.6

f [GeV] 710 1200 2600 4100
Model Collider CLIC CLIC CEPC FCC-ee

380 all
L [ab−1] 0.5 4 5 12.6

CHM-4 ξ [×10−3] 21 9.2 6.2 4.8
f [GeV] 1700 2500 3300 3500

CHM-5 ξ [×10−3] 15 5.2 4.7 3.2
f [GeV] 2000 3400 3600 4300
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