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New Physics

v masses

Dark MatterGravity

Baryon asymmetry

We look for New Physics or BSM to explain the deficiencies.

So far, the SM is undefeated: not been able to discover new particles at the LHC.

Where do we go from here?

The SM does not explain everything.
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The quest for New Physics

E > ELHCE

SM

Indirect (scouting tails)

⇒ New physics is heavy

Framework to describe both precision physics and Heavy New Physics.

Standard Model Effective Field Theory (SMEFT)

Direct search (Bumps)



Luca Mantani

4

The framework: SMEFT

L = LSM +
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❖ Modified interactions among SM particles 

❖ Higher dimensional operators preserve SM symmetries. 

❖ Mappable to a large class of BSM models. 

❖ Truncate at dim 6: leading corrections
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❖ Modified interactions among SM particles 

❖ Higher dimensional operators preserve SM symmetries. 

❖ Mappable to a large class of BSM models. 

❖ Truncate at dim 6: leading corrections

EFT to-do list

❖ Define target operators:  e.g. top-philic EFT 

❖ Find optimal observables to probe them 

❖ Compute with precision theoretical predictions (both SM and EFT) 

❖ Make accurate measurements

[arXiv:1802.07237]

Scale of NP



Luca Mantani

5

Why the top quark?

The top quark is special.

❖ The top couples to the Higgs strongly. 

❖ It is the heaviest particle in the SM (unitarity bounds lower). 

❖ Couples to W boson through its decay, before hadronisation (neutral 

gauge couplings less known).

t

b

W

Vtb ⇠ 1

<latexit sha1_base64="vsQZ/UCoicdKopklUya8RT0Y+Vg="></latexit>
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❖ The top couples to the Higgs strongly. 

❖ It is the heaviest particle in the SM (unitarity bounds lower). 

❖ Couples to W boson through its decay, before hadronisation (neutral 

gauge couplings less known).

t

b

W

Vtb ⇠ 1
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The LHC is a top factory109 top pairs

108 single top

107 tt+W/Z/𝛾

106 ttH 104 tttt
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2 to 2 scatterings

We consider generic 2 to 2 processes fB ! f 0B0
<latexit sha1_base64="qibl4uIOjuR343FxlWQFxfL44Bc=">AAACEHicbVC7TgJBFJ3FF+KDVUubiWCwkexioSXBxhITeSSwIbPDLEyYx2Zm1oRs+AlbW/0HO2PrH/gLfoUDbCHoSW5ycs69ufeeMGZUG8/7cnIbm1vbO/ndwt7+wWHRPTpua5koTFpYMqm6IdKEUUFahhpGurEiiIeMdMLJ7dzvPBKlqRQPZhqTgKORoBHFyFhp4BbLEWzAvpEwqsBGpTxwS17VWwD+JX5GSiBDc+B+94cSJ5wIgxnSuud7sQlSpAzFjMwK/USTGOEJGpGepQJxooN0cfgMnltlCCOpbAkDF+rviRRxrac8tJ0cmbFe9+bif14vMdFNkFIRJ4YIvFwUJQzaP+cpwCFVBBs2tQRhRe2tEI+RQtjYrFa2RGQqeHyJEiNnNhx/PYq/pF2r+ldV/75WqjeymPLgFJyBC+CDa1AHd6AJWgCDBDyDF/DqPDlvzrvzsWzNOdnMCViB8/kDyPqbWQ==</latexit>

We study the processes in the high energy limit (s ~ -t >> v2) for each helicity 
configuration, including the effects of the dim 6 operators. 
As expected the maximum degree of growth of each amplitude is E2, while 
for the SM they are at most constant in energy.
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Energy behaviour overview

Many operators lead to maximal growth

Energy growing interference is rare: only longitudinal configurations
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Physical processes

How to access the high energy behaviour of the 2 to 2 scatterings?
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Physical processes

b

q
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0

<latexit sha1_base64="fttqNod6sRFkKepjjJzEW+BYbME="></latexit>

LHC collides protons

Embed the 2 to 2 scattering

How to access the high energy behaviour of the 2 to 2 scatterings?
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Going to 2 to n

How does the 2 to 2 behaviour translates to 2 to n? 
We can have an analytical insight with EWA (P. Borel et al. arxiv:1202.1904)

X

q

Y 2

Y 1

q0

<latexit sha1_base64="UUFy+SI3XXHEgpxTL0+yOgJS0kU="></latexit>

E ⇠ xE ⇠ (1� x)E,
m

E
⌧ 1,

p?
E

⌧ 1
<latexit sha1_base64="HDHGTh3SJY3uCFXe7wkQbWQXvnI="></latexit>
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2
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<latexit sha1_base64="UHfIm47UIodrfS90DeX8Om69d5Y="></latexit>

d�EWA

dxdp?
(qX ! q0Y ) =

C2

2⇡2

X

i=+,�,0

fi ⇥ d�(WiX ! Y )
<latexit sha1_base64="WMHwX6/l1NmERGJn8kybXTLkYFA="></latexit>
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An interesting process: tZW

<latexit sha1_base64="YZtiJcXySLwVa/ZOUDSbqNSWuvQ="></latexit>

R(ci) ⌘
�

�SM
= 1 + ci

�i
Int

�SM
+ c2i

�i,i
Sq

�SM
= 1 + ci ri + c2i ri,i.
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An interesting process: tZW

Expected energy growth

Both in final state:

no emission suppression
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An interesting process: tZW

Expected energy growth

Stimulated studies in ATLAS/CMS: 
interesting potential for global fits 

Both in final state:

no emission suppression
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SMEFiT framework

Theory
(N)NLO QCD + NLO EW SM XS


NLO-QCD, linear and quadratic, EFT

(SMEFT@NLO)


PDFs, avoid redundancy (no top) 

Data

Higgs data (inclusive, diff, STXS)


Top quark data


Diboson production (LEP + LHC)

Methodology
Two independent fitting methods: MCfit 
and Nested Sampling


Modular structure: easy to add new 
theory predictions and data


Output

Validation statistical toolbox: Fisher 
information, PCA, closure tests


Posterior probabilities in EFT 
parameter space, CL intervals
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Global fit result
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Theory dependence
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Loop sensitivity

Loop induced processes: not only precision!
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Loop sensitivity

Loop induced processes: not only precision! New sensitivities

Especially relevant for top loops: most strongly coupled particle

E.g.: pp -> ZH

Sensitivity to top operators!

LO EFT NLO EFT + gg -> ZH
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Conclusions

❖ Presented analysis on the possibility to uncover indirectly heavy NP at 

present and future colliders. 
❖ Unitarity violating behaviours in the top EW sector in 2 -> 2 scatterings can 

be exploited to gain sensitivity on SMEFT operators. 
❖ The interplay of Higgs, Top and diboson datasets has been discussed and 

a combined interpretation in the SMEFT presented. 
❖ Entering a precision era, studying modified interactions in the SMEFT 

context is of crucial importance if we want to maximise the possibility to 

find SM deviations.
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THANKS!
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Back-up
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The Standard Model

Theories and discoveries in particle physics in the last century lead us to have a 
deep insight into the structure and behaviour of matter.
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The Standard Model

Theories and discoveries in particle physics in the last century lead us to have a 
deep insight into the structure and behaviour of matter.

The LHC has found a scalar particle that behaves like the SM Higgs.
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Effective Field Theory

L = �1

4
Fµ⌫F

µ⌫ + i ̄�µDµ + Yij ̄i j�+Dµ�D
µ�� V (�)
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Energy growth and contact terms

The maximum energy growth of an amplitude can be guessed from the contact 
term generated by higher dimension operators.

Let’s consider a 2 to N scattering amplitude (mass dim 2-N):

L �
1

⇤K�4OK
<latexit sha1_base64="IgWQaurWZfhY+FFAXQ+J8JkoZUc="></latexit>

M / 1
⇤K�4EK�N�2
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Energy growth and gauge invariance

While SMEFT respects SSB, the Anomalous Coupling framework does not 
automatically. 

AC parametrisation can lead to stronger energy growth. 
The weak dipole operator in addition to modifications to tbW and ttZ 
interactions generate corresponding contact terms:

OtW = i
�
Q̄�µ⌫ ⌧I t

�
�̃W I

µ⌫+h.c. ! gv t̄L�µ⌫tR W+
µ W�

⌫ , gv b̄L�µ⌫tR ZµW�
⌫

<latexit sha1_base64="Q3JtZ8l69+6A4vUsgt7VFzYHXsg="></latexit>

These terms generate a E3 energy growth which is exactly canceled by other 
contributions due to SU(2) gauge invariance. 
On the other hand in the AC framework, including dipole-like interaction

Ldip. � � gp
2
b̄�µ⌫ (gLPL + gRPR) t @µ W⌫

<latexit sha1_base64="q+TWMAOaToUQq+s2uaJ8QuHxuQE="></latexit>

Top decay is fine, tZj would be described differently.
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Contact term: an example
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Contact term: an example

We indeed observe a E2 growth in the (-,0,-) amplitude.
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Analysis of collider processes

We turn to study how the energy growing behaviour can be probed by physical 
processes at colliders.

❖ 2 to 3 and 2 to 4 scattering processes. 

❖ Assess the sensitivity to the Wilson coefficients. 

❖ We considered pp collider at 13 and 27 TeV as well as ee collider operating 

at 380, 1500 and 3000 GeV.
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Blueprint of the analysis

❖ Computation performed with MG5 and SMEFT@NLO, in 5 flavour scheme. 

❖ We compute the interference and square contribution for each operator 

relative to the EW SM cross section for p p collisions. 

❖ The relative impact is computed for each operator with Wilson coefficient 

set to 1 TeV-2. 

❖ Compute both inclusive and high-energy restricted cross section. 

❖ QCD background. 

R(ci) ⌘
�

�SM
= 1 + ci

�i
Int

�SM
+ c2i,i

�i,i
Sq

�SM
= 1 + ri + ri,i.

<latexit sha1_base64="SI8Gu9McMLxwFGqCMRJ88TKIcg4="></latexit>



Luca Mantani

25

tZj

CMS collaboration arXiv:1812.05900
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Summary plot
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Example: thj

E = 2 TeV 

b

q

t

H

q
0
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Example: thj
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Summary

❖ tZW and tZj optimal to access b W to t Z. 

❖ tHW and tHj optimal for b W to t H. 

❖ ttX processes are challenging because suppressed by s-channel 

propagator. 

❖ Adding a jet increases the sensitivity (J. A. Dror et al. arXiv:1511.03674). 

❖ ttXY and VBF-tt are promising but rate-limited (e+ e- collider for VBF). 

❖ t Z to t H and t H to t H are the most difficult (future colliders).

In summary, we found that:
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Individual log-likelihood
<latexit sha1_base64="ZESO2GUtYyAoqT2qZsQ6Pasdbe8="></latexit>
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Individual log-likelihood
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Individual log-likelihood
<latexit sha1_base64="ZESO2GUtYyAoqT2qZsQ6Pasdbe8="></latexit>

�2(c) ⌘ 1

ndat

ndatX

i,j=1

⇣
�(th)
i (c)� �(exp)

i

⌘ �
cov�1

�
ij

⇣
�(th)
j (c)� �(exp)

j

⌘

Gaussian profile

Non gaussian 
global minimum



Luca Mantani

29

Individual log-likelihood
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EFT sensitivity

Useful to gain insight from Information Geometry
<latexit sha1_base64="IXiPJ/UGUlyGmHuUBmmLzgB33d4="></latexit>
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@2 ln f (�exp | c)
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Linear Quadratic
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EFT sensitivity

Useful to gain insight from Information Geometry
<latexit sha1_base64="IXiPJ/UGUlyGmHuUBmmLzgB33d4="></latexit>

Iij(c) = �E


@2 ln f (�exp | c)

@ci@cj

�

Linear Quadratic

Top Yukawa

Four fermion operators

TGC operator

In the quadratic case the picture  
does not change much
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Methodology

MCfit: generate MC replicas to construct probability distribution in

experimental data space. 

Determine EFT coefficients replica by replica.
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Nested Sampling: statistical mapping of the likelihood.

Samples from prior space to locate maximum.

No need for optimisers.


Construct posterior distribution.
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PCA
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PCA
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Flat directions

Diagnostic tool: is the basis used  
good for the dimensionality?

Eventually one can fit in the PC basis 
(not done in the present fit)
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2D fits
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Dataset dependence
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Summary

❖ SMEFiT is a novel and flexible framework for global EFT interpretations.


❖ Already successfully employed for Top, Higgs and diboson data. 

❖ Several functionalities to cross-check and validate results. 

New steps:


❖ Add new data (EWPO, low-E, VBS, Tevatron, recent LHC results, …) 

❖ Improve theory (RGEs, NLO-QCD and EW in EFT, etc) 

❖ Improve fit methodology (higher number of operators require better efficiency)
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Luminosity

Luminosities are assumed from MAP studies

Typical EW process at muon collider � =

✓
10TeV
p
sµ

◆2

· 103 ab
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Luminosity

Luminosities are assumed from MAP studies

Typical EW process at muon collider � =

✓
10TeV
p
sµ

◆2

· 103 ab

<latexit sha1_base64="gddjqvOBVU17F2YcmBEg+bB+5UI="></latexit>

N = � · L · years =
✓
10TeV
p
sµ

◆2

·
✓
L · years
ab�1

◆
· 103

<latexit sha1_base64="mPtDCaLobPvNZnvYXQJOLswY4YQ="></latexit>

L · years =
✓ p

sµ
10TeV

◆2

· 10 ab�1

<latexit sha1_base64="+UQ+ZBfp8Mf31YGGrgrrrMRJUks="></latexit>

For N ∼ 104
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Crossing point
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Crossing point

Effectively a EW boson collider!
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EW boson collider?

We can have an analytical insight with EWA

E ⇠ xE ⇠ (1� x)E,
m

E
⌧ 1,

p?
E

⌧ 1
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[P. Borel et al. arXiv:1202.1904]
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EW boson collider?

We can have an analytical insight with EWA

d�EWA

dxdp?
(fX ! f 0Y ) =

C2

2⇡2

X

i=+,�,0

fi ⇥ d�(WiX ! Y )
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p3?
(m2(1� x) + p2?)

2
,

f0 =
(1� x)2

x

2m2p?
(m2(1� x) + p2?)

2
.

<latexit sha1_base64="UHfIm47UIodrfS90DeX8Om69d5Y="></latexit>

X

f

Y 2

Y 1

f 0

<latexit sha1_base64="2UFzdBC2dykm4j4FWH32xLQCb5A="></latexit>

[P. Borel et al. arXiv:1202.1904]

Weak bosons can be described as partons!
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Muons decay! R&D needed in accelerator  
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Beam production

[Delahaye et al. arXiv:1901.06150]
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Challenges

Muons decay! R&D needed in accelerator  
and detector physics

Beam production

[Delahaye et al. arXiv:1901.06150]

Detector

[Bartosik et al. arXiv:2001.04431]
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Production mode

Different mode of production at different energies

µ t

µ

�/Z

t

<latexit sha1_base64="fgqt5DSWW41SwIR97yHWufK/vQQ="></latexit>

s-channel

p
s . 1-5TeV

<latexit sha1_base64="uxJLxuOCOCVUNmwD7pfXG4ba+iM=">AAACE3icbVA9SwNBEN2L3/Hr1NJmMQgiGu4konaijWWEJAq5I+xtJrq49+HunBiO+w82/hUbC0Vsbez8N26SK9T4YODtezPszAsSKTQ6zpdVmpicmp6ZnSvPLywuLdsrqy0dp4pDk8cyVpcB0yBFBE0UKOEyUcDCQMJFcHM68C/uQGkRRw3sJ+CH7CoSPcEZGqljb3v6VmGmc+pJ0FqLkLoewj1mu/k+9Xbo6NGAVt6xK07VGYKOE7cgFVKg3rE/vW7M0xAi5JJp3XadBP2MKRRcQl72Ug0J4zfsCtqGRiwE7WfDm3K6aZQu7cXKVIR0qP6cyFiodT8MTGfI8Fr/9Qbif147xd6hn4koSREiPvqol0qKMR0ERLtCAUfZN4RxJcyulF8zxTiaGMsmBPfvyeOktVd1a9Wj81rl+KSIY5askw2yRVxyQI7JGamTJuHkgTyRF/JqPVrP1pv1PmotWcXMGvkF6+Mb2C2eJA==</latexit>



Luca Mantani

40

Production mode

Different mode of production at different energies

t
H

t

µ

µ

<latexit sha1_base64="Q7aGEZcmQDLEsjG8T7SqWAmNfCw="></latexit>

VBF

p
s & 1-5TeV

<latexit sha1_base64="olB82exa/4/8NDnaNKaU+JMcigY=">AAACEnicbVDLSgMxFM34rPVVdekmWAQFLTNSUXdFNy4r2FboDCWT3tZg5mFyRyzDfIMbf8WNC0XcunLn35i2s9DqgcDJOeeS3OPHUmi07S9ranpmdm6+sFBcXFpeWS2trTd1lCgODR7JSF35TIMUITRQoISrWAELfAkt/+Zs6LfuQGkRhZc4iMELWD8UPcEZGqlT2nX1rcJUZ9Tto4kF1HER7jHdzw6pu0fHl0toZp1S2a7YI9C/xMlJmeSod0qfbjfiSQAhcsm0bjt2jF7KFAouISu6iYaY8RvWh7ahIQtAe+lopYxuG6VLe5EyJ0Q6Un9OpCzQehD4JhkwvNaT3lD8z2sn2Dv2UhHGCULIxw/1EkkxosN+aFco4CgHhjCuhPkr5ddMMY6mxaIpwZlc+S9pHlScauXkolquneZ1FMgm2SI7xCFHpEbOSZ00CCcP5Im8kFfr0Xq23qz3cXTKymc2yC9YH98BTp2w</latexit>

µ t

µ

�/Z

t

<latexit sha1_base64="fgqt5DSWW41SwIR97yHWufK/vQQ="></latexit>

s-channel

p
s . 1-5TeV

<latexit sha1_base64="uxJLxuOCOCVUNmwD7pfXG4ba+iM=">AAACE3icbVA9SwNBEN2L3/Hr1NJmMQgiGu4konaijWWEJAq5I+xtJrq49+HunBiO+w82/hUbC0Vsbez8N26SK9T4YODtezPszAsSKTQ6zpdVmpicmp6ZnSvPLywuLdsrqy0dp4pDk8cyVpcB0yBFBE0UKOEyUcDCQMJFcHM68C/uQGkRRw3sJ+CH7CoSPcEZGqljb3v6VmGmc+pJ0FqLkLoewj1mu/k+9Xbo6NGAVt6xK07VGYKOE7cgFVKg3rE/vW7M0xAi5JJp3XadBP2MKRRcQl72Ug0J4zfsCtqGRiwE7WfDm3K6aZQu7cXKVIR0qP6cyFiodT8MTGfI8Fr/9Qbif147xd6hn4koSREiPvqol0qKMR0ERLtCAUfZN4RxJcyulF8zxTiaGMsmBPfvyeOktVd1a9Wj81rl+KSIY5askw2yRVxyQI7JGamTJuHkgTyRF/JqPVrP1pv1PmotWcXMGvkF6+Mb2C2eJA==</latexit>
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Proton vs Muon

Resonance production MX = sμ

µ�

µ+

X

<latexit sha1_base64="URpL+JPkApbRf7Vml4DbWQqF0u8="></latexit>

sμ σμ(sμ) = [ ̂σ]μ
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Proton vs Muon

Resonance production MX = sμ

µ�

µ+

X

<latexit sha1_base64="URpL+JPkApbRf7Vml4DbWQqF0u8="></latexit>

sμ σμ(sμ) = [ ̂σ]μ

p

p

X

<latexit sha1_base64="PtXPXKsCG9PoXOL1fGvHDUZvrcc="></latexit>

sp σp(sp) = ∫
1

τ0

dτ ∑
ij

Φij(τ, μf ) [ ̂σij]p δ (τ −
M2

X

sp )
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Proton vs Muon

Resonance production MX = sμ

µ�

µ+

X

<latexit sha1_base64="URpL+JPkApbRf7Vml4DbWQqF0u8="></latexit>

sμ σμ(sμ) = [ ̂σ]μ

p

p

X

<latexit sha1_base64="PtXPXKsCG9PoXOL1fGvHDUZvrcc="></latexit>

sp σp(sp) = ∫
1

τ0

dτ ∑
ij

Φij(τ, μf ) [ ̂σij]p δ (τ −
M2

X

sp )
Parton lumi
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Proton vs Muon

Resonance production MX = sμ

µ�

µ+

X

<latexit sha1_base64="URpL+JPkApbRf7Vml4DbWQqF0u8="></latexit>

sμ σμ(sμ) = [ ̂σ]μ

p

p

X

<latexit sha1_base64="PtXPXKsCG9PoXOL1fGvHDUZvrcc="></latexit>

sp σp(sp) = ∫
1

τ0

dτ ∑
ij

Φij(τ, μf ) [ ̂σij]p δ (τ −
M2

X

sp )
Parton lumi

Hard XS
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Proton vs Muon

Resonance production MX = sμ

µ�

µ+

X

<latexit sha1_base64="URpL+JPkApbRf7Vml4DbWQqF0u8="></latexit>

sμ σμ(sμ) = [ ̂σ]μ

p

p

X

<latexit sha1_base64="PtXPXKsCG9PoXOL1fGvHDUZvrcc="></latexit>

sp σp(sp) = ∫
1

τ0

dτ ∑
ij

Φij(τ, μf ) [ ̂σij]p δ (τ −
M2

X

sp )

σμ(sμ) = σp(sp)

Parton lumi

Hard XS
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Resonance

∑
ij

Φij (
sμ

sp
,

sμ

2 ) =
[ ̂σ]μ

[ ̂σ]p
≡

1
β
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Resonance

∑
ij

Φij (
sμ

sp
,

sμ

2 ) =
[ ̂σ]μ

[ ̂σ]p
≡

1
β
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Resonance

∑
ij

Φij (
sμ

sp
,

sμ

2 ) =
[ ̂σ]μ

[ ̂σ]p
≡

1
β FCC comparable!
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Resonance

∑
ij

Φij (
sμ

sp
,

sμ

2 ) =
[ ̂σ]μ

[ ̂σ]p
≡

1
β FCC comparable!

Still good!
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Pair production MX = 0.9 × sμ /2
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Proton vs Muon

Pair production MX = 0.9 × sμ /2

sμ σμ(sμ) =
1
sμ

[ ̂σ ̂s]μ

µ�

µ+

X

X

<latexit sha1_base64="bE+B/I63PTkPHwhKcUJOlBuY0SM="></latexit>
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Proton vs Muon

Pair production MX = 0.9 × sμ /2

sμ σμ(sμ) =
1
sμ

[ ̂σ ̂s]μ

µ�

µ+

X

X

<latexit sha1_base64="bE+B/I63PTkPHwhKcUJOlBuY0SM="></latexit>

sp σp(sp) =
1
sp ∫

1

τ0

dτ
1
τ ∑

ij

Φij(τ, μf ) [ ̂σij ̂s]p

p

p

X

X

<latexit sha1_base64="1NZ9DyS9im0D/1BFRUcSLLdYJ6Q="></latexit>
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Proton vs Muon

Pair production MX = 0.9 × sμ /2

σμ(sμ) = σp(sp)

sμ σμ(sμ) =
1
sμ

[ ̂σ ̂s]μ

µ�

µ+

X

X

<latexit sha1_base64="bE+B/I63PTkPHwhKcUJOlBuY0SM="></latexit>

sp σp(sp) =
1
sp ∫

1

τ0

dτ
1
τ ∑

ij

Φij(τ, μf ) [ ̂σij ̂s]p

p

p

X

X

<latexit sha1_base64="1NZ9DyS9im0D/1BFRUcSLLdYJ6Q="></latexit>
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SM cross sections

ttX HX

s-channel

VBF
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Pair production

sμ

sp ∫
1

sμ
sp

dτ
1
τ ∑

ij

Φij (τ,
sμ

2 ) =
[ ̂σ ̂s]μ

[ ̂σ ̂s]p
≡

1
β
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Pair production

sμ

sp ∫
1

sμ
sp

dτ
1
τ ∑

ij

Φij (τ,
sμ

2 ) =
[ ̂σ ̂s]μ

[ ̂σ ̂s]p
≡

1
β
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Pair production

sμ

sp ∫
1

sμ
sp

dτ
1
τ ∑

ij

Φij (τ,
sμ

2 ) =
[ ̂σ ̂s]μ

[ ̂σ ̂s]p
≡

1
β

Stop prod  
well described
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W luminosities

ΦW+
λ1

W−
λ2
(τ, μf ) = ∫

1

τ

dξ
ξ

fWλ1/μ (ξ, μf) fWλ2/μ ( τ
ξ

, μf)
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W luminosities

ΦW+
λ1

W−
λ2
(τ, μf ) = ∫

1

τ

dξ
ξ

fWλ1/μ (ξ, μf) fWλ2/μ ( τ
ξ

, μf)
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W luminosities

ΦW+
λ1

W−
λ2
(τ, μf ) = ∫

1

τ

dξ
ξ

fWλ1/μ (ξ, μf) fWλ2/μ ( τ
ξ

, μf)

~ 0.25
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W luminosities

ΦW+
λ1

W−
λ2
(τ, μf ) = ∫

1

τ

dξ
ξ

fWλ1/μ (ξ, μf) fWλ2/μ ( τ
ξ

, μf)

~ 0.25

0.8/0.25 ~ 3.5 
Muon 14 TeV ~ Proton 50 TeV
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Single operator

HH productionL3 = 6ab�1

<latexit sha1_base64="DIBoiN3e0ZaW7CsyKBzS1DLbrgw=">AAACDHicbVC7SgNBFJ31GeMramkzGAQLDbsafBRC0MbCIoJ5QHYNs5NJMmT2wcxdMSz7ATb+io2FIrZ+gJ1/42yyhSYeGDiccy5z73FDwRWY5rcxMzs3v7CYW8ovr6yurRc2NusqiCRlNRqIQDZdopjgPqsBB8GaoWTEcwVruIPL1G/cM6l44N/CMGSOR3o+73JKQEvtQtH2CPQpEfF10j7C5/gY2/vYBvYAMXGTu/jASnTKLJkj4GliZaSIMlTbhS+7E9DIYz5QQZRqWWYITkwkcCpYkrcjxUJCB6THWpr6xGPKiUfHJHhXKx3cDaR+PuCR+nsiJp5SQ8/VyXR1Neml4n9eK4LuqRNzP4yA+XT8UTcSGAKcNoM7XDIKYqgJoZLrXTHtE0ko6P7yugRr8uRpUj8sWeXS2U25WLnI6sihbbSD9pCFTlAFXaEqqiGKHtEzekVvxpPxYrwbH+PojJHNbKE/MD5/ALtYmiw=</latexit>

L14 = 20 ab�1

<latexit sha1_base64="njZX7LognaiqZzn3wAy2W33uO/w=">AAACEHicbVC7SgNBFJ2Nrxhfq5Y2g0G00LAbAmohBG0sLCKYB2RjmJ1MkiGzD2buimHZT7DxV2wsFLG1tPNvnE220OiBC4dz7uXee9xQcAWW9WXk5uYXFpfyy4WV1bX1DXNzq6GCSFJWp4EIZMslignuszpwEKwVSkY8V7CmO7pI/eYdk4oH/g2MQ9bxyMDnfU4JaKlr7jsegSElIr5KurFdSfAZLlvYOcQOsHuIiZvcxkd20jWLVsmaAP8ldkaKKEOta346vYBGHvOBCqJU27ZC6MREAqeCJQUnUiwkdEQGrK2pTzymOvHkoQTvaaWH+4HU5QOeqD8nYuIpNfZc3Zmer2a9VPzPa0fQP+nE3A8jYD6dLupHAkOA03Rwj0tGQYw1IVRyfSumQyIJBZ1hQYdgz778lzTKJbtSOr2uFKvnWRx5tIN20QGy0TGqoktUQ3VE0QN6Qi/o1Xg0no03433amjOymW30C8bHN4swm6o=</latexit>

L30 = 100 ab�1

<latexit sha1_base64="aZorUXBDuXprAB1lx7otRV34VW8=">AAACEXicbVC7SgNBFJ31GeNr1dJmMAgpNOxqQC2EoI2FRQTzgOwaZieTZMjsg5m7Ylj2F2z8FRsLRWzt7PwbZ5MUmnjgwuGce7n3Hi8SXIFlfRtz8wuLS8u5lfzq2vrGprm1XVdhLCmr0VCEsukRxQQPWA04CNaMJCO+J1jDG1xmfuOeScXD4BaGEXN90gt4l1MCWmqbRccn0KdEJNdpOzm2UnyObcvCzgF2gD1AQrz0Ljm007ZZsErWCHiW2BNSQBNU2+aX0wlp7LMAqCBKtWwrAjchEjgVLM07sWIRoQPSYy1NA+Iz5Sajj1K8r5UO7oZSVwB4pP6eSIiv1ND3dGd2v5r2MvE/rxVD99RNeBDFwAI6XtSNBYYQZ/HgDpeMghhqQqjk+lZM+0QSCjrEvA7Bnn55ltSPSna5dHZTLlQuJnHk0C7aQ0VkoxNUQVeoimqIokf0jF7Rm/FkvBjvxse4dc6YzOygPzA+fwD+5Jvh</latexit>

µ
�

µ
+

⌫µ

⌫̄µ

H

H

<latexit sha1_base64="uWo5ReSIme0GfWDoZn12wsoKloI="></latexit>
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Single operator

HH productionL3 = 6ab�1

<latexit sha1_base64="DIBoiN3e0ZaW7CsyKBzS1DLbrgw=">AAACDHicbVC7SgNBFJ31GeMramkzGAQLDbsafBRC0MbCIoJ5QHYNs5NJMmT2wcxdMSz7ATb+io2FIrZ+gJ1/42yyhSYeGDiccy5z73FDwRWY5rcxMzs3v7CYW8ovr6yurRc2NusqiCRlNRqIQDZdopjgPqsBB8GaoWTEcwVruIPL1G/cM6l44N/CMGSOR3o+73JKQEvtQtH2CPQpEfF10j7C5/gY2/vYBvYAMXGTu/jASnTKLJkj4GliZaSIMlTbhS+7E9DIYz5QQZRqWWYITkwkcCpYkrcjxUJCB6THWpr6xGPKiUfHJHhXKx3cDaR+PuCR+nsiJp5SQ8/VyXR1Neml4n9eK4LuqRNzP4yA+XT8UTcSGAKcNoM7XDIKYqgJoZLrXTHtE0ko6P7yugRr8uRpUj8sWeXS2U25WLnI6sihbbSD9pCFTlAFXaEqqiGKHtEzekVvxpPxYrwbH+PojJHNbKE/MD5/ALtYmiw=</latexit>

L14 = 20 ab�1

<latexit sha1_base64="njZX7LognaiqZzn3wAy2W33uO/w=">AAACEHicbVC7SgNBFJ2Nrxhfq5Y2g0G00LAbAmohBG0sLCKYB2RjmJ1MkiGzD2buimHZT7DxV2wsFLG1tPNvnE220OiBC4dz7uXee9xQcAWW9WXk5uYXFpfyy4WV1bX1DXNzq6GCSFJWp4EIZMslignuszpwEKwVSkY8V7CmO7pI/eYdk4oH/g2MQ9bxyMDnfU4JaKlr7jsegSElIr5KurFdSfAZLlvYOcQOsHuIiZvcxkd20jWLVsmaAP8ldkaKKEOta346vYBGHvOBCqJU27ZC6MREAqeCJQUnUiwkdEQGrK2pTzymOvHkoQTvaaWH+4HU5QOeqD8nYuIpNfZc3Zmer2a9VPzPa0fQP+nE3A8jYD6dLupHAkOA03Rwj0tGQYw1IVRyfSumQyIJBZ1hQYdgz778lzTKJbtSOr2uFKvnWRx5tIN20QGy0TGqoktUQ3VE0QN6Qi/o1Xg0no03433amjOymW30C8bHN4swm6o=</latexit>

L30 = 100 ab�1

<latexit sha1_base64="aZorUXBDuXprAB1lx7otRV34VW8=">AAACEXicbVC7SgNBFJ31GeNr1dJmMAgpNOxqQC2EoI2FRQTzgOwaZieTZMjsg5m7Ylj2F2z8FRsLRWzt7PwbZ5MUmnjgwuGce7n3Hi8SXIFlfRtz8wuLS8u5lfzq2vrGprm1XVdhLCmr0VCEsukRxQQPWA04CNaMJCO+J1jDG1xmfuOeScXD4BaGEXN90gt4l1MCWmqbRccn0KdEJNdpOzm2UnyObcvCzgF2gD1AQrz0Ljm007ZZsErWCHiW2BNSQBNU2+aX0wlp7LMAqCBKtWwrAjchEjgVLM07sWIRoQPSYy1NA+Iz5Sajj1K8r5UO7oZSVwB4pP6eSIiv1ND3dGd2v5r2MvE/rxVD99RNeBDFwAI6XtSNBYYQZ/HgDpeMghhqQqjk+lZM+0QSCjrEvA7Bnn55ltSPSna5dHZTLlQuJnHk0C7aQ0VkoxNUQVeoimqIokf0jF7Rm/FkvBjvxse4dc6YzOygPzA+fwD+5Jvh</latexit>

µ
�

µ
+

⌫µ

⌫̄µ

H

H

<latexit sha1_base64="uWo5ReSIme0GfWDoZn12wsoKloI="></latexit>

High energy not helping!



Luca Mantani

47

Single operator

HH productionL3 = 6ab�1

<latexit sha1_base64="DIBoiN3e0ZaW7CsyKBzS1DLbrgw=">AAACDHicbVC7SgNBFJ31GeMramkzGAQLDbsafBRC0MbCIoJ5QHYNs5NJMmT2wcxdMSz7ATb+io2FIrZ+gJ1/42yyhSYeGDiccy5z73FDwRWY5rcxMzs3v7CYW8ovr6yurRc2NusqiCRlNRqIQDZdopjgPqsBB8GaoWTEcwVruIPL1G/cM6l44N/CMGSOR3o+73JKQEvtQtH2CPQpEfF10j7C5/gY2/vYBvYAMXGTu/jASnTKLJkj4GliZaSIMlTbhS+7E9DIYz5QQZRqWWYITkwkcCpYkrcjxUJCB6THWpr6xGPKiUfHJHhXKx3cDaR+PuCR+nsiJp5SQ8/VyXR1Neml4n9eK4LuqRNzP4yA+XT8UTcSGAKcNoM7XDIKYqgJoZLrXTHtE0ko6P7yugRr8uRpUj8sWeXS2U25WLnI6sihbbSD9pCFTlAFXaEqqiGKHtEzekVvxpPxYrwbH+PojJHNbKE/MD5/ALtYmiw=</latexit>

L14 = 20 ab�1

<latexit sha1_base64="njZX7LognaiqZzn3wAy2W33uO/w=">AAACEHicbVC7SgNBFJ2Nrxhfq5Y2g0G00LAbAmohBG0sLCKYB2RjmJ1MkiGzD2buimHZT7DxV2wsFLG1tPNvnE220OiBC4dz7uXee9xQcAWW9WXk5uYXFpfyy4WV1bX1DXNzq6GCSFJWp4EIZMslignuszpwEKwVSkY8V7CmO7pI/eYdk4oH/g2MQ9bxyMDnfU4JaKlr7jsegSElIr5KurFdSfAZLlvYOcQOsHuIiZvcxkd20jWLVsmaAP8ldkaKKEOta346vYBGHvOBCqJU27ZC6MREAqeCJQUnUiwkdEQGrK2pTzymOvHkoQTvaaWH+4HU5QOeqD8nYuIpNfZc3Zmer2a9VPzPa0fQP+nE3A8jYD6dLupHAkOA03Rwj0tGQYw1IVRyfSumQyIJBZ1hQYdgz778lzTKJbtSOr2uFKvnWRx5tIN20QGy0TGqoktUQ3VE0QN6Qi/o1Xg0no03433amjOymW30C8bHN4swm6o=</latexit>

L30 = 100 ab�1

<latexit sha1_base64="aZorUXBDuXprAB1lx7otRV34VW8=">AAACEXicbVC7SgNBFJ31GeNr1dJmMAgpNOxqQC2EoI2FRQTzgOwaZieTZMjsg5m7Ylj2F2z8FRsLRWzt7PwbZ5MUmnjgwuGce7n3Hi8SXIFlfRtz8wuLS8u5lfzq2vrGprm1XVdhLCmr0VCEsukRxQQPWA04CNaMJCO+J1jDG1xmfuOeScXD4BaGEXN90gt4l1MCWmqbRccn0KdEJNdpOzm2UnyObcvCzgF2gD1AQrz0Ljm007ZZsErWCHiW2BNSQBNU2+aX0wlp7LMAqCBKtWwrAjchEjgVLM07sWIRoQPSYy1NA+Iz5Sajj1K8r5UO7oZSVwB4pP6eSIiv1ND3dGd2v5r2MvE/rxVD99RNeBDFwAI6XtSNBYYQZ/HgDpeMghhqQqjk+lZM+0QSCjrEvA7Bnn55ltSPSna5dHZTLlQuJnHk0C7aQ0VkoxNUQVeoimqIokf0jF7Rm/FkvBjvxse4dc6YzOygPzA+fwD+5Jvh</latexit>

µ
�

µ
+

⌫µ

⌫̄µ

H

H

<latexit sha1_base64="uWo5ReSIme0GfWDoZn12wsoKloI="></latexit>

High energy not helping! Many events!
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Single operator

HHH productionL3 = 6ab�1

<latexit sha1_base64="DIBoiN3e0ZaW7CsyKBzS1DLbrgw=">AAACDHicbVC7SgNBFJ31GeMramkzGAQLDbsafBRC0MbCIoJ5QHYNs5NJMmT2wcxdMSz7ATb+io2FIrZ+gJ1/42yyhSYeGDiccy5z73FDwRWY5rcxMzs3v7CYW8ovr6yurRc2NusqiCRlNRqIQDZdopjgPqsBB8GaoWTEcwVruIPL1G/cM6l44N/CMGSOR3o+73JKQEvtQtH2CPQpEfF10j7C5/gY2/vYBvYAMXGTu/jASnTKLJkj4GliZaSIMlTbhS+7E9DIYz5QQZRqWWYITkwkcCpYkrcjxUJCB6THWpr6xGPKiUfHJHhXKx3cDaR+PuCR+nsiJp5SQ8/VyXR1Neml4n9eK4LuqRNzP4yA+XT8UTcSGAKcNoM7XDIKYqgJoZLrXTHtE0ko6P7yugRr8uRpUj8sWeXS2U25WLnI6sihbbSD9pCFTlAFXaEqqiGKHtEzekVvxpPxYrwbH+PojJHNbKE/MD5/ALtYmiw=</latexit>

L14 = 20 ab�1

<latexit sha1_base64="njZX7LognaiqZzn3wAy2W33uO/w=">AAACEHicbVC7SgNBFJ2Nrxhfq5Y2g0G00LAbAmohBG0sLCKYB2RjmJ1MkiGzD2buimHZT7DxV2wsFLG1tPNvnE220OiBC4dz7uXee9xQcAWW9WXk5uYXFpfyy4WV1bX1DXNzq6GCSFJWp4EIZMslignuszpwEKwVSkY8V7CmO7pI/eYdk4oH/g2MQ9bxyMDnfU4JaKlr7jsegSElIr5KurFdSfAZLlvYOcQOsHuIiZvcxkd20jWLVsmaAP8ldkaKKEOta346vYBGHvOBCqJU27ZC6MREAqeCJQUnUiwkdEQGrK2pTzymOvHkoQTvaaWH+4HU5QOeqD8nYuIpNfZc3Zmer2a9VPzPa0fQP+nE3A8jYD6dLupHAkOA03Rwj0tGQYw1IVRyfSumQyIJBZ1hQYdgz778lzTKJbtSOr2uFKvnWRx5tIN20QGy0TGqoktUQ3VE0QN6Qi/o1Xg0no03433amjOymW30C8bHN4swm6o=</latexit>

L30 = 100 ab�1

<latexit sha1_base64="aZorUXBDuXprAB1lx7otRV34VW8=">AAACEXicbVC7SgNBFJ31GeNr1dJmMAgpNOxqQC2EoI2FRQTzgOwaZieTZMjsg5m7Ylj2F2z8FRsLRWzt7PwbZ5MUmnjgwuGce7n3Hi8SXIFlfRtz8wuLS8u5lfzq2vrGprm1XVdhLCmr0VCEsukRxQQPWA04CNaMJCO+J1jDG1xmfuOeScXD4BaGEXN90gt4l1MCWmqbRccn0KdEJNdpOzm2UnyObcvCzgF2gD1AQrz0Ljm007ZZsErWCHiW2BNSQBNU2+aX0wlp7LMAqCBKtWwrAjchEjgVLM07sWIRoQPSYy1NA+Iz5Sajj1K8r5UO7oZSVwB4pP6eSIiv1ND3dGd2v5r2MvE/rxVD99RNeBDFwAI6XtSNBYYQZ/HgDpeMghhqQqjk+lZM+0QSCjrEvA7Bnn55ltSPSna5dHZTLlQuJnHk0C7aQ0VkoxNUQVeoimqIokf0jF7Rm/FkvBjvxse4dc6YzOygPzA+fwD+5Jvh</latexit>

µ
�

µ
+

⌫µ

⌫̄µ

H

H

H

<latexit sha1_base64="pACEF8Hul2OXsoOTBd3UTMaIAKg="></latexit>
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Single operator

HHH productionL3 = 6ab�1

<latexit sha1_base64="DIBoiN3e0ZaW7CsyKBzS1DLbrgw=">AAACDHicbVC7SgNBFJ31GeMramkzGAQLDbsafBRC0MbCIoJ5QHYNs5NJMmT2wcxdMSz7ATb+io2FIrZ+gJ1/42yyhSYeGDiccy5z73FDwRWY5rcxMzs3v7CYW8ovr6yurRc2NusqiCRlNRqIQDZdopjgPqsBB8GaoWTEcwVruIPL1G/cM6l44N/CMGSOR3o+73JKQEvtQtH2CPQpEfF10j7C5/gY2/vYBvYAMXGTu/jASnTKLJkj4GliZaSIMlTbhS+7E9DIYz5QQZRqWWYITkwkcCpYkrcjxUJCB6THWpr6xGPKiUfHJHhXKx3cDaR+PuCR+nsiJp5SQ8/VyXR1Neml4n9eK4LuqRNzP4yA+XT8UTcSGAKcNoM7XDIKYqgJoZLrXTHtE0ko6P7yugRr8uRpUj8sWeXS2U25WLnI6sihbbSD9pCFTlAFXaEqqiGKHtEzekVvxpPxYrwbH+PojJHNbKE/MD5/ALtYmiw=</latexit>

L14 = 20 ab�1

<latexit sha1_base64="njZX7LognaiqZzn3wAy2W33uO/w=">AAACEHicbVC7SgNBFJ2Nrxhfq5Y2g0G00LAbAmohBG0sLCKYB2RjmJ1MkiGzD2buimHZT7DxV2wsFLG1tPNvnE220OiBC4dz7uXee9xQcAWW9WXk5uYXFpfyy4WV1bX1DXNzq6GCSFJWp4EIZMslignuszpwEKwVSkY8V7CmO7pI/eYdk4oH/g2MQ9bxyMDnfU4JaKlr7jsegSElIr5KurFdSfAZLlvYOcQOsHuIiZvcxkd20jWLVsmaAP8ldkaKKEOta346vYBGHvOBCqJU27ZC6MREAqeCJQUnUiwkdEQGrK2pTzymOvHkoQTvaaWH+4HU5QOeqD8nYuIpNfZc3Zmer2a9VPzPa0fQP+nE3A8jYD6dLupHAkOA03Rwj0tGQYw1IVRyfSumQyIJBZ1hQYdgz778lzTKJbtSOr2uFKvnWRx5tIN20QGy0TGqoktUQ3VE0QN6Qi/o1Xg0no03433amjOymW30C8bHN4swm6o=</latexit>

L30 = 100 ab�1

<latexit sha1_base64="aZorUXBDuXprAB1lx7otRV34VW8=">AAACEXicbVC7SgNBFJ31GeNr1dJmMAgpNOxqQC2EoI2FRQTzgOwaZieTZMjsg5m7Ylj2F2z8FRsLRWzt7PwbZ5MUmnjgwuGce7n3Hi8SXIFlfRtz8wuLS8u5lfzq2vrGprm1XVdhLCmr0VCEsukRxQQPWA04CNaMJCO+J1jDG1xmfuOeScXD4BaGEXN90gt4l1MCWmqbRccn0KdEJNdpOzm2UnyObcvCzgF2gD1AQrz0Ljm007ZZsErWCHiW2BNSQBNU2+aX0wlp7LMAqCBKtWwrAjchEjgVLM07sWIRoQPSYy1NA+Iz5Sajj1K8r5UO7oZSVwB4pP6eSIiv1ND3dGd2v5r2MvE/rxVD99RNeBDFwAI6XtSNBYYQZ/HgDpeMghhqQqjk+lZM+0QSCjrEvA7Bnn55ltSPSna5dHZTLlQuJnHk0C7aQ0VkoxNUQVeoimqIokf0jF7Rm/FkvBjvxse4dc6YzOygPzA+fwD+5Jvh</latexit>

µ
�

µ
+

⌫µ

⌫̄µ

H

H

H

<latexit sha1_base64="pACEF8Hul2OXsoOTBd3UTMaIAKg="></latexit>

Higher sensitivity
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Single operator

HHH productionL3 = 6ab�1

<latexit sha1_base64="DIBoiN3e0ZaW7CsyKBzS1DLbrgw=">AAACDHicbVC7SgNBFJ31GeMramkzGAQLDbsafBRC0MbCIoJ5QHYNs5NJMmT2wcxdMSz7ATb+io2FIrZ+gJ1/42yyhSYeGDiccy5z73FDwRWY5rcxMzs3v7CYW8ovr6yurRc2NusqiCRlNRqIQDZdopjgPqsBB8GaoWTEcwVruIPL1G/cM6l44N/CMGSOR3o+73JKQEvtQtH2CPQpEfF10j7C5/gY2/vYBvYAMXGTu/jASnTKLJkj4GliZaSIMlTbhS+7E9DIYz5QQZRqWWYITkwkcCpYkrcjxUJCB6THWpr6xGPKiUfHJHhXKx3cDaR+PuCR+nsiJp5SQ8/VyXR1Neml4n9eK4LuqRNzP4yA+XT8UTcSGAKcNoM7XDIKYqgJoZLrXTHtE0ko6P7yugRr8uRpUj8sWeXS2U25WLnI6sihbbSD9pCFTlAFXaEqqiGKHtEzekVvxpPxYrwbH+PojJHNbKE/MD5/ALtYmiw=</latexit>

L14 = 20 ab�1

<latexit sha1_base64="njZX7LognaiqZzn3wAy2W33uO/w=">AAACEHicbVC7SgNBFJ2Nrxhfq5Y2g0G00LAbAmohBG0sLCKYB2RjmJ1MkiGzD2buimHZT7DxV2wsFLG1tPNvnE220OiBC4dz7uXee9xQcAWW9WXk5uYXFpfyy4WV1bX1DXNzq6GCSFJWp4EIZMslignuszpwEKwVSkY8V7CmO7pI/eYdk4oH/g2MQ9bxyMDnfU4JaKlr7jsegSElIr5KurFdSfAZLlvYOcQOsHuIiZvcxkd20jWLVsmaAP8ldkaKKEOta346vYBGHvOBCqJU27ZC6MREAqeCJQUnUiwkdEQGrK2pTzymOvHkoQTvaaWH+4HU5QOeqD8nYuIpNfZc3Zmer2a9VPzPa0fQP+nE3A8jYD6dLupHAkOA03Rwj0tGQYw1IVRyfSumQyIJBZ1hQYdgz778lzTKJbtSOr2uFKvnWRx5tIN20QGy0TGqoktUQ3VE0QN6Qi/o1Xg0no03433amjOymW30C8bHN4swm6o=</latexit>

L30 = 100 ab�1

<latexit sha1_base64="aZorUXBDuXprAB1lx7otRV34VW8=">AAACEXicbVC7SgNBFJ31GeNr1dJmMAgpNOxqQC2EoI2FRQTzgOwaZieTZMjsg5m7Ylj2F2z8FRsLRWzt7PwbZ5MUmnjgwuGce7n3Hi8SXIFlfRtz8wuLS8u5lfzq2vrGprm1XVdhLCmr0VCEsukRxQQPWA04CNaMJCO+J1jDG1xmfuOeScXD4BaGEXN90gt4l1MCWmqbRccn0KdEJNdpOzm2UnyObcvCzgF2gD1AQrz0Ljm007ZZsErWCHiW2BNSQBNU2+aX0wlp7LMAqCBKtWwrAjchEjgVLM07sWIRoQPSYy1NA+Iz5Sajj1K8r5UO7oZSVwB4pP6eSIiv1ND3dGd2v5r2MvE/rxVD99RNeBDFwAI6XtSNBYYQZ/HgDpeMghhqQqjk+lZM+0QSCjrEvA7Bnn55ltSPSna5dHZTLlQuJnHk0C7aQ0VkoxNUQVeoimqIokf0jF7Rm/FkvBjvxse4dc6YzOygPzA+fwD+5Jvh</latexit>

µ
�

µ
+

⌫µ

⌫̄µ

H

H

H

<latexit sha1_base64="pACEF8Hul2OXsoOTBd3UTMaIAKg="></latexit>

No events

Higher sensitivity
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SM distributions
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SM distributions
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SM distributions
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Production in forward region at high energy!
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SM distributions
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Production in forward region at high energy!

Detector studies have shields in the forward region due to beam-induced background
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SM distributions
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Production in forward region at high energy!

Detector studies have shields in the forward region due to beam-induced background

Important to have high rapidity coverage
|⌘| < 5

pbT > 20GeV

A ⇠ 60� 70%

<latexit sha1_base64="xv4lc1WoljLi4NAVBb+eZ+c8QIo="></latexit>
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Anomalous self-couplings

�3 = �SM (1 + �3) = 3�SM

<latexit sha1_base64="cKwt3s+GEyi7+kRUHMOoV5zIV78=">AAACK3icbVBLSwMxGMz6rPW16tFLsAgVoexqQT0IpV68CBXtA7rLks1m29DsgyQrlKX/x4t/xYMefODV/2G2XcG2DgQmM/ORfOPGjAppGB/awuLS8spqYa24vrG5ta3v7LZElHBMmjhiEe+4SBBGQ9KUVDLSiTlBgctI2x1cZX77gXBBo/BeDmNiB6gXUp9iJJXk6HWLqbCHnFN4CX95enczgmVowmNoeYTJzD3K/AGK4+wylXT0klExxoDzxMxJCeRoOPqL5UU4CUgoMUNCdE0jlnaKuKSYkVHRSgSJER6gHukqGqKACDsd7zqCh0rxoB9xdUIJx+rfiRQFQgwDVyUDJPti1svE/7xuIv1zO6VhnEgS4slDfsKgjGBWHPQoJ1iyoSIIc6r+CnEfcYSlqreoSjBnV54nrZOKWa1c3FZLtXpeRwHsgwNQBiY4AzVwDRqgCTB4BM/gDbxrT9qr9ql9TaILWj6zB6agff8A69+kfA==</latexit>

�4 = �SM (1 + �4) = 4�SM

<latexit sha1_base64="dErB2Q6R4uaFEGMDp+Ki3kM7MQU=">AAACK3icbVBLSwMxGMzWV62vVY9egkWoCGVXCupBKPXiRahoH9Bdlmw224ZmHyRZoSz9P178Kx704AOv/g+z7Qq2dSAwmZmP5Bs3ZlRIw/jQCkvLK6trxfXSxubW9o6+u9cWUcIxaeGIRbzrIkEYDUlLUslIN+YEBS4jHXd4lfmdB8IFjcJ7OYqJHaB+SH2KkVSSozcspsIecmrwEv7y9O5mDCvQhCfQ8giTmXuc+UMUx9llJunoZaNqTAAXiZmTMsjRdPQXy4twEpBQYoaE6JlGLO0UcUkxI+OSlQgSIzxEfdJTNEQBEXY62XUMj5TiQT/i6oQSTtS/EykKhBgFrkoGSA7EvJeJ/3m9RPrndkrDOJEkxNOH/IRBGcGsOOhRTrBkI0UQ5lT9FeIB4ghLVW9JlWDOr7xI2qdVs1a9uK2V6428jiI4AIegAkxwBurgGjRBC2DwCJ7BG3jXnrRX7VP7mkYLWj6zD2agff8A8M2kfw==</latexit>
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Anomalous self-couplings

�3 = �SM (1 + �3) = 3�SM

<latexit sha1_base64="cKwt3s+GEyi7+kRUHMOoV5zIV78=">AAACK3icbVBLSwMxGMz6rPW16tFLsAgVoexqQT0IpV68CBXtA7rLks1m29DsgyQrlKX/x4t/xYMefODV/2G2XcG2DgQmM/ORfOPGjAppGB/awuLS8spqYa24vrG5ta3v7LZElHBMmjhiEe+4SBBGQ9KUVDLSiTlBgctI2x1cZX77gXBBo/BeDmNiB6gXUp9iJJXk6HWLqbCHnFN4CX95enczgmVowmNoeYTJzD3K/AGK4+wylXT0klExxoDzxMxJCeRoOPqL5UU4CUgoMUNCdE0jlnaKuKSYkVHRSgSJER6gHukqGqKACDsd7zqCh0rxoB9xdUIJx+rfiRQFQgwDVyUDJPti1svE/7xuIv1zO6VhnEgS4slDfsKgjGBWHPQoJ1iyoSIIc6r+CnEfcYSlqreoSjBnV54nrZOKWa1c3FZLtXpeRwHsgwNQBiY4AzVwDRqgCTB4BM/gDbxrT9qr9ql9TaILWj6zB6agff8A69+kfA==</latexit>

�4 = �SM (1 + �4) = 4�SM

<latexit sha1_base64="dErB2Q6R4uaFEGMDp+Ki3kM7MQU=">AAACK3icbVBLSwMxGMzWV62vVY9egkWoCGVXCupBKPXiRahoH9Bdlmw224ZmHyRZoSz9P178Kx704AOv/g+z7Qq2dSAwmZmP5Bs3ZlRIw/jQCkvLK6trxfXSxubW9o6+u9cWUcIxaeGIRbzrIkEYDUlLUslIN+YEBS4jHXd4lfmdB8IFjcJ7OYqJHaB+SH2KkVSSozcspsIecmrwEv7y9O5mDCvQhCfQ8giTmXuc+UMUx9llJunoZaNqTAAXiZmTMsjRdPQXy4twEpBQYoaE6JlGLO0UcUkxI+OSlQgSIzxEfdJTNEQBEXY62XUMj5TiQT/i6oQSTtS/EykKhBgFrkoGSA7EvJeJ/3m9RPrndkrDOJEkxNOH/IRBGcGsOOhRTrBkI0UQ5lT9FeIB4ghLVW9JlWDOr7xI2qdVs1a9uK2V6428jiI4AIegAkxwBurgGjRBC2DwCJ7BG3jXnrRX7VP7mkYLWj6zD2agff8A8M2kfw==</latexit>

� = �SM + c2�3 + c3�4 + c4�3�4 + c5�
2
3 + c6�

2
4 + c7�

3
3 + c8�

2
3�4 + c9�

4
3

<latexit sha1_base64="lfeBrITs6ksnmvIVRizEuRw6o2c="></latexit>
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�4 = 6 �3

<latexit sha1_base64="gCb6sJrIpQTFgEsVI+FNRad4zWc=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgQkqixcdCKLpxWcE+oAlhMpm0QycPZm6EEgr+ihsXirj1O9z5N07bLLT1wIUz59zL3Hv8VHAFlvVtLCwuLa+sltbK6xubW9vmzm5LJZmkrEkTkciOTxQTPGZN4CBYJ5WMRL5gbX9wO/bbj0wqnsQPMEyZG5FezENOCWjJM/edgAkgXu363DnBxePMMytW1ZoAzxO7IBVUoOGZX06Q0CxiMVBBlOraVgpuTiRwKtio7GSKpYQOSI91NY1JxJSbT9Yf4SOtBDhMpK4Y8ET9PZGTSKlh5OvOiEBfzXpj8T+vm0F46eY8TjNgMZ1+FGYCQ4LHWeCAS0ZBDDUhVHK9K6Z9IgkFnVhZh2DPnjxPWqdVu1a9uq9V6jdFHCV0gA7RMbLRBaqjO9RATURRjp7RK3oznowX4934mLYuGMXMHvoD4/MHhvGUlQ==</latexit>

SMEFT scenario

50

Anomalous self-couplings

�3 = �SM (1 + �3) = 3�SM
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Quartic deviations less sensitivity 
sign hardly distinguishable
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Higgs operators

Three operators directly affect Higgs self interaction

Constrained by EWPO

We look at HH and HHH production

� = �SM +
X

i

ci�
i
Int +

X

i,j

ci,j�
i,j
Sq
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= 1 + ci

�i
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�SM
+ c2i,i

�i,i
Sq

�SM
= 1 + ri + ri,i.
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Sensitivity linear

Sensitivity quadratic
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Deviations from SMEFT

�̃4 = �4 � 6 �3
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CLIC vs Muon collider

3 TeV collider Sp
B

=
|L · (� � �SM )|p

L · �SM
 2

<latexit sha1_base64="FgLL7Ja8mMORB5KNriNJPrHmsfQ="></latexit>
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HH

95% confidence level
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Rapidity coverage

Nozzles: 
Detector must be shielded from beam radiation

5-10 degrees blind spot at 3 TeV
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Rapidity coverage
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Sensitivity increases:  
BSM effects are central!
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Summary Muon

❖ Muon collider is a dream machine. 

❖ Both precision and discovery potential are top notch. 

❖ A multi-TeV machine would be effectively a EW boson collider. 

❖ Projected to be better than every proposed collider to measure the Higgs 

self interaction. 

❖ For the quartic coupling, factor ~10 improvement over FCC. 

❖ No background or optimisation on kinematics was performed.
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Helicity table example: bwtZ

<latexit sha1_base64="lBnU5iHca9/NYszzf5pbFz+E25s=">AAACDXicbVDLSsNAFJ34rPVVdelmsAiCWBIVdVl047KCfWAby2Q6aYdOJnHmRoih3+DSrX6EO3HrN/gN/oTTNgvbeuDC4Zx7ufceLxJcg21/W3PzC4tLy7mV/Ora+sZmYWu7psNYUValoQhVwyOaCS5ZFTgI1ogUI4EnWN3rXw39+iNTmofyFpKIuQHpSu5zSsBIrofr94e4BSEGfNcuFO2SPQKeJU5GiihDpV34aXVCGgdMAhVE66ZjR+CmRAGngg3yrViziNA+6bKmoZIETLvp6OgB3jdKB/uhMiUBj9S/EykJtE4Cz3QGBHp62huK/3nNGPwLN+UyioFJOl7kxwIPnzQJ4A5XjIJIDCFUcXMrpj2iCAWT08QW4P2nI58lMiByYNJxprOYJbXjknNWOrk5LZYvs5xyaBftoQPkoHNURteogqqIogf0gl7Rm/VsvVsf1ue4dc7KZnbQBKyvXwRbm7M=</latexit>

bW+ ! tZ
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Helicity table example: bwtZ

<latexit sha1_base64="lBnU5iHca9/NYszzf5pbFz+E25s=">AAACDXicbVDLSsNAFJ34rPVVdelmsAiCWBIVdVl047KCfWAby2Q6aYdOJnHmRoih3+DSrX6EO3HrN/gN/oTTNgvbeuDC4Zx7ufceLxJcg21/W3PzC4tLy7mV/Ora+sZmYWu7psNYUValoQhVwyOaCS5ZFTgI1ogUI4EnWN3rXw39+iNTmofyFpKIuQHpSu5zSsBIrofr94e4BSEGfNcuFO2SPQKeJU5GiihDpV34aXVCGgdMAhVE66ZjR+CmRAGngg3yrViziNA+6bKmoZIETLvp6OgB3jdKB/uhMiUBj9S/EykJtE4Cz3QGBHp62huK/3nNGPwLN+UyioFJOl7kxwIPnzQJ4A5XjIJIDCFUcXMrpj2iCAWT08QW4P2nI58lMiByYNJxprOYJbXjknNWOrk5LZYvs5xyaBftoQPkoHNURteogqqIogf0gl7Rm/VsvVsf1ue4dc7KZnbQBKyvXwRbm7M=</latexit>

bW+ ! tZ
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Studied processes
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Data and DoF
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Dataset dependence
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Production mode

Different mode of production at different energies
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Production mode

Different mode of production at different energies

µ t

µ

�/Z

t

<latexit sha1_base64="fgqt5DSWW41SwIR97yHWufK/vQQ="></latexit>

s-channel

p
s . 1-5TeV

<latexit sha1_base64="uxJLxuOCOCVUNmwD7pfXG4ba+iM=">AAACE3icbVA9SwNBEN2L3/Hr1NJmMQgiGu4konaijWWEJAq5I+xtJrq49+HunBiO+w82/hUbC0Vsbez8N26SK9T4YODtezPszAsSKTQ6zpdVmpicmp6ZnSvPLywuLdsrqy0dp4pDk8cyVpcB0yBFBE0UKOEyUcDCQMJFcHM68C/uQGkRRw3sJ+CH7CoSPcEZGqljb3v6VmGmc+pJ0FqLkLoewj1mu/k+9Xbo6NGAVt6xK07VGYKOE7cgFVKg3rE/vW7M0xAi5JJp3XadBP2MKRRcQl72Ug0J4zfsCtqGRiwE7WfDm3K6aZQu7cXKVIR0qP6cyFiodT8MTGfI8Fr/9Qbif147xd6hn4koSREiPvqol0qKMR0ERLtCAUfZN4RxJcyulF8zxTiaGMsmBPfvyeOktVd1a9Wj81rl+KSIY5askw2yRVxyQI7JGamTJuHkgTyRF/JqPVrP1pv1PmotWcXMGvkF6+Mb2C2eJA==</latexit>
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Production mode

Different mode of production at different energies

t
H

t

µ

µ

<latexit sha1_base64="Q7aGEZcmQDLEsjG8T7SqWAmNfCw="></latexit>

VBF

p
s & 1-5TeV

<latexit sha1_base64="olB82exa/4/8NDnaNKaU+JMcigY=">AAACEnicbVDLSgMxFM34rPVVdekmWAQFLTNSUXdFNy4r2FboDCWT3tZg5mFyRyzDfIMbf8WNC0XcunLn35i2s9DqgcDJOeeS3OPHUmi07S9ranpmdm6+sFBcXFpeWS2trTd1lCgODR7JSF35TIMUITRQoISrWAELfAkt/+Zs6LfuQGkRhZc4iMELWD8UPcEZGqlT2nX1rcJUZ9Tto4kF1HER7jHdzw6pu0fHl0toZp1S2a7YI9C/xMlJmeSod0qfbjfiSQAhcsm0bjt2jF7KFAouISu6iYaY8RvWh7ahIQtAe+lopYxuG6VLe5EyJ0Q6Un9OpCzQehD4JhkwvNaT3lD8z2sn2Dv2UhHGCULIxw/1EkkxosN+aFco4CgHhjCuhPkr5ddMMY6mxaIpwZlc+S9pHlScauXkolquneZ1FMgm2SI7xCFHpEbOSZ00CCcP5Im8kFfr0Xq23qz3cXTKymc2yC9YH98BTp2w</latexit>

µ t

µ

�/Z

t

<latexit sha1_base64="fgqt5DSWW41SwIR97yHWufK/vQQ="></latexit>

s-channel

p
s . 1-5TeV

<latexit sha1_base64="uxJLxuOCOCVUNmwD7pfXG4ba+iM=">AAACE3icbVA9SwNBEN2L3/Hr1NJmMQgiGu4konaijWWEJAq5I+xtJrq49+HunBiO+w82/hUbC0Vsbez8N26SK9T4YODtezPszAsSKTQ6zpdVmpicmp6ZnSvPLywuLdsrqy0dp4pDk8cyVpcB0yBFBE0UKOEyUcDCQMJFcHM68C/uQGkRRw3sJ+CH7CoSPcEZGqljb3v6VmGmc+pJ0FqLkLoewj1mu/k+9Xbo6NGAVt6xK07VGYKOE7cgFVKg3rE/vW7M0xAi5JJp3XadBP2MKRRcQl72Ug0J4zfsCtqGRiwE7WfDm3K6aZQu7cXKVIR0qP6cyFiodT8MTGfI8Fr/9Qbif147xd6hn4koSREiPvqol0qKMR0ERLtCAUfZN4RxJcyulF8zxTiaGMsmBPfvyeOktVd1a9Wj81rl+KSIY5askw2yRVxyQI7JGamTJuHkgTyRF/JqPVrP1pv1PmotWcXMGvkF6+Mb2C2eJA==</latexit>
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Higgs potential in the SM

V (H) =
1

2
m

2
H
H

2 + �3vH
3 +

1

4
�4H

4

<latexit sha1_base64="CmzALRFVdkAx6r5r8F9psa/jRng="></latexit>

�3 = �4 = m2
H
/2v2 ⌘ �SM

<latexit sha1_base64="hfOe5uGnezlC9ZJsF4O+CPa5TVc=">AAACGXicbVDLSsNAFJ3UV62vqEs3wSK4qkksqItC0U03QkX7gCYNk8mkHTp5ODMplNDfcOOvuHGhiEtd+TdO2wjaemDgcM653LnHjSnhQte/lNzS8srqWn69sLG5tb2j7u41eZQwhBsoohFru5BjSkLcEERQ3I4ZhoFLccsdXE381hAzTqLwToxibAewFxKfICik5Ki6RWXYg85p5YeVK4FT65on5rBrWvg+IcMfJ729HjtqUS/pU2iLxMhIEWSoO+qH5UUoCXAoEIWcdww9FnYKmSCI4nHBSjiOIRrAHu5IGsIAczudXjbWjqTiaX7E5AuFNlV/T6Qw4HwUuDIZQNHn895E/M/rJMI/t1MSxonAIZot8hOqiUib1KR5hGEk6EgSiBiRf9VQHzKIhCyzIEsw5k9eJE2zZJRLFzflYvUyqyMPDsAhOAYGOANVUAN10AAIPIAn8AJelUflWXlT3mfRnJLN7IM/UD6/AWMen/U=</latexit>

[A. Abada et al. 

Eur. Phys. J. C 79 (2019) no.6, 474 ]
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Higgs potential in the SM

V (H) =
1

2
m

2
H
H

2 + �3vH
3 +

1

4
�4H

4

<latexit sha1_base64="CmzALRFVdkAx6r5r8F9psa/jRng="></latexit>

�3 = �4 = m2
H
/2v2 ⌘ �SM

<latexit sha1_base64="hfOe5uGnezlC9ZJsF4O+CPa5TVc=">AAACGXicbVDLSsNAFJ3UV62vqEs3wSK4qkksqItC0U03QkX7gCYNk8mkHTp5ODMplNDfcOOvuHGhiEtd+TdO2wjaemDgcM653LnHjSnhQte/lNzS8srqWn69sLG5tb2j7u41eZQwhBsoohFru5BjSkLcEERQ3I4ZhoFLccsdXE381hAzTqLwToxibAewFxKfICik5Ki6RWXYg85p5YeVK4FT65on5rBrWvg+IcMfJ729HjtqUS/pU2iLxMhIEWSoO+qH5UUoCXAoEIWcdww9FnYKmSCI4nHBSjiOIRrAHu5IGsIAczudXjbWjqTiaX7E5AuFNlV/T6Qw4HwUuDIZQNHn895E/M/rJMI/t1MSxonAIZot8hOqiUib1KR5hGEk6EgSiBiRf9VQHzKIhCyzIEsw5k9eJE2zZJRLFzflYvUyqyMPDsAhOAYGOANVUAN10AAIPIAn8AJelUflWXlT3mfRnJLN7IM/UD6/AWMen/U=</latexit>

HH and radiative corrections to single Higgs 
FCC ~ 5%

[A. Abada et al. 

Eur. Phys. J. C 79 (2019) no.6, 474 ]



Luca Mantani

61

Higgs potential in the SM

V (H) =
1

2
m

2
H
H

2 + �3vH
3 +

1

4
�4H

4

<latexit sha1_base64="CmzALRFVdkAx6r5r8F9psa/jRng="></latexit>

�3 = �4 = m2
H
/2v2 ⌘ �SM

<latexit sha1_base64="hfOe5uGnezlC9ZJsF4O+CPa5TVc=">AAACGXicbVDLSsNAFJ3UV62vqEs3wSK4qkksqItC0U03QkX7gCYNk8mkHTp5ODMplNDfcOOvuHGhiEtd+TdO2wjaemDgcM653LnHjSnhQte/lNzS8srqWn69sLG5tb2j7u41eZQwhBsoohFru5BjSkLcEERQ3I4ZhoFLccsdXE381hAzTqLwToxibAewFxKfICik5Ki6RWXYg85p5YeVK4FT65on5rBrWvg+IcMfJ729HjtqUS/pU2iLxMhIEWSoO+qH5UUoCXAoEIWcdww9FnYKmSCI4nHBSjiOIRrAHu5IGsIAczudXjbWjqTiaX7E5AuFNlV/T6Qw4HwUuDIZQNHn895E/M/rJMI/t1MSxonAIZot8hOqiUib1KR5hGEk6EgSiBiRf9VQHzKIhCyzIEsw5k9eJE2zZJRLFzflYvUyqyMPDsAhOAYGOANVUAN10AAIPIAn8AJelUflWXlT3mfRnJLN7IM/UD6/AWMen/U=</latexit>

HH and radiative corrections to single Higgs 
FCC ~ 5%

[A. Abada et al. 

Eur. Phys. J. C 79 (2019) no.6, 474 ]

Challenging even at FCC!

ILC ⇠ [�10, 10]

CLIC ⇠ [�5, 5]

FCC ⇠ [�2, 4]

<latexit sha1_base64="I8Vz88HCiT/RclXwCBJZ8nzq8aE="></latexit>
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Higgs potential in the SM

V (H) =
1

2
m

2
H
H

2 + �3vH
3 +

1

4
�4H

4

<latexit sha1_base64="CmzALRFVdkAx6r5r8F9psa/jRng="></latexit>

�3 = �4 = m2
H
/2v2 ⌘ �SM

<latexit sha1_base64="hfOe5uGnezlC9ZJsF4O+CPa5TVc=">AAACGXicbVDLSsNAFJ3UV62vqEs3wSK4qkksqItC0U03QkX7gCYNk8mkHTp5ODMplNDfcOOvuHGhiEtd+TdO2wjaemDgcM653LnHjSnhQte/lNzS8srqWn69sLG5tb2j7u41eZQwhBsoohFru5BjSkLcEERQ3I4ZhoFLccsdXE381hAzTqLwToxibAewFxKfICik5Ki6RWXYg85p5YeVK4FT65on5rBrWvg+IcMfJ729HjtqUS/pU2iLxMhIEWSoO+qH5UUoCXAoEIWcdww9FnYKmSCI4nHBSjiOIRrAHu5IGsIAczudXjbWjqTiaX7E5AuFNlV/T6Qw4HwUuDIZQNHn895E/M/rJMI/t1MSxonAIZot8hOqiUib1KR5hGEk6EgSiBiRf9VQHzKIhCyzIEsw5k9eJE2zZJRLFzflYvUyqyMPDsAhOAYGOANVUAN10AAIPIAn8AJelUflWXlT3mfRnJLN7IM/UD6/AWMen/U=</latexit>

HH and radiative corrections to single Higgs 
FCC ~ 5%

[A. Abada et al. 

Eur. Phys. J. C 79 (2019) no.6, 474 ]

Challenging even at FCC!

ILC ⇠ [�10, 10]

CLIC ⇠ [�5, 5]

FCC ⇠ [�2, 4]

<latexit sha1_base64="I8Vz88HCiT/RclXwCBJZ8nzq8aE="></latexit>
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Higgs potential in the SM

V (H) =
1

2
m

2
H
H

2 + �3vH
3 +

1

4
�4H

4

<latexit sha1_base64="CmzALRFVdkAx6r5r8F9psa/jRng="></latexit>

�3 = �4 = m2
H
/2v2 ⌘ �SM

<latexit sha1_base64="hfOe5uGnezlC9ZJsF4O+CPa5TVc=">AAACGXicbVDLSsNAFJ3UV62vqEs3wSK4qkksqItC0U03QkX7gCYNk8mkHTp5ODMplNDfcOOvuHGhiEtd+TdO2wjaemDgcM653LnHjSnhQte/lNzS8srqWn69sLG5tb2j7u41eZQwhBsoohFru5BjSkLcEERQ3I4ZhoFLccsdXE381hAzTqLwToxibAewFxKfICik5Ki6RWXYg85p5YeVK4FT65on5rBrWvg+IcMfJ729HjtqUS/pU2iLxMhIEWSoO+qH5UUoCXAoEIWcdww9FnYKmSCI4nHBSjiOIRrAHu5IGsIAczudXjbWjqTiaX7E5AuFNlV/T6Qw4HwUuDIZQNHn895E/M/rJMI/t1MSxonAIZot8hOqiUib1KR5hGEk6EgSiBiRf9VQHzKIhCyzIEsw5k9eJE2zZJRLFzflYvUyqyMPDsAhOAYGOANVUAN10AAIPIAn8AJelUflWXlT3mfRnJLN7IM/UD6/AWMen/U=</latexit>

HH and radiative corrections to single Higgs 
FCC ~ 5%

[A. Abada et al. 

Eur. Phys. J. C 79 (2019) no.6, 474 ]

Challenging even at FCC!

ILC ⇠ [�10, 10]

CLIC ⇠ [�5, 5]

FCC ⇠ [�2, 4]

<latexit sha1_base64="I8Vz88HCiT/RclXwCBJZ8nzq8aE="></latexit>
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EFT validity at LHC

c

M

Light mass

Weak coupling

Heavy mass

Weak coupling

Light mass

Strong coupling

Heavy mass

Strong coupling

Intensity frontier

<latexit sha1_base64="XGE1omqZSlH3ZlOVP8mWpY5/VfQ=">AAACGnicbVDLSgMxFM34rPU16kZwEyyCG8uMirosunGhUME+oDOUTJppQ5PMkGSEOoxf4tKtfoQ7cevGb/AnzLRd2NYDgcM553JvThAzqrTjfFtz8wuLS8uFleLq2vrGpr21XVdRIjGp4YhFshkgRRgVpKapZqQZS4J4wEgj6F/lfuOBSEUjca8HMfE56goaUoy0kdr2rndjwh0EPUU59EKJcHqbpThr2yWn7AwBZ4k7JiUwRrVt/3idCCecCI0ZUqrlOrH2UyQ1xYxkRS9RJEa4j7qkZahAnCg/Hf4ggwdG6cAwkuYJDYfq34kUcaUGPDBJjnRPTXu5+J/XSnR44adUxIkmAo8WhQmDOoJ5HbBDJcGaDQxBWFJzK8Q9ZFrQprSJLZr2H49CMhAcibwdd7qLWVI/Lrtn5ZO701LlctxTAeyBfXAIXHAOKuAaVEENYPAEXsAreLOerXfrw/ocRees8cwOmID19QvwSaGd</latexit>

⇤ ⇠ M

c

<latexit sha1_base64="zljFhoE+nvikb4RCe6Vf536bHI8=">AAACDnicbVDLSsNAFJ3UV62vqks3g0VwY0lU1GVRBBcuKtgHNLFMJpN26MwkzEyEGPoPLt3qR7gTt/6C3+BPOG2zsK0HLhzOuYd7OX7MqNK2/W0VFhaXlleKq6W19Y3NrfL2TlNFicSkgSMWybaPFGFUkIammpF2LAniPiMtf3A18luPRCoaiXudxsTjqCdoSDHSRnq4hq6iHLq3JhGgbrliV+0x4DxxclIBOerd8o8bRDjhRGjMkFIdx461lyGpKWZkWHITRWKEB6hHOoYKxInysvHXQ3hglACGkTQjNByrfxMZ4kql3DebHOm+mvVG4n9eJ9HhhZdRESeaCDw5FCYM6giOKoABlQRrlhqCsKTmV4j7SCKsTVFTVzQdPB2FJBUciaFpx5ntYp40j6vOWfXk7rRSu8x7KoI9sA8OgQPOQQ3cgDpoAAwkeAGv4M16tt6tD+tzslqw8swumIL19QvAJpy1</latexit>

E ⇠ ⇤

<latexit sha1_base64="ky205Ak7WxI+QI4alzyx8drZbX4=">AAACBXicbVBNS8NAEN3Ur1q/qh69LBbBiyVRUU9SFMGLUMG0hTaUzXbTLt1swu5EqKFnj171R3gTr/4Of4N/wm2bg219MPB4b4aZeX4suAbb/rZyC4tLyyv51cLa+sbmVnF7p6ajRFHm0khEquETzQSXzAUOgjVixUjoC1b3+9cjv/7IlOaRfIBBzLyQdCUPOCVgJPcGX+K7drFkl+0x8DxxMlJCGart4k+rE9EkZBKoIFo3HTsGLyUKOBVsWGglmsWE9kmXNQ2VJGTaS8fHDvGBUTo4iJQpCXis/p1ISaj1IPRNZ0igp2e9kfif10wguPBSLuMEmKSTRUEiMER49DnucMUoiIEhhCpubsW0RxShYPKZ2gK8/3QUsIEMiRyadJzZLOZJ7bjsnJVP7k9LlasspzzaQ/voEDnoHFXQLaoiF1HE0Qt6RW/Ws/VufVifk9aclc3soilYX79ZGpik</latexit>

E > M
<latexit sha1_base64="7VL4j3vACX+YKj3gNbTeARpU8lw=">AAACBXicbVBNS8NAEN3Ur1q/qh69LBbBiyVRUQ8eiiJ4ESqYttCGstlu2qWbTdidCDX07NGr/ghv4tXf4W/wT7htc7CtDwYe780wM8+PBddg299WbmFxaXklv1pYW9/Y3Cpu79R0lCjKXBqJSDV8opngkrnAQbBGrBgJfcHqfv965NcfmdI8kg8wiJkXkq7kAacEjOTe4Et81y6W7LI9Bp4nTkZKKEO1XfxpdSKahEwCFUTrpmPH4KVEAaeCDQutRLOY0D7psqahkoRMe+n42CE+MEoHB5EyJQGP1b8TKQm1HoS+6QwJ9PSsNxL/85oJBBdeymWcAJN0sihIBIYIjz7HHa4YBTEwhFDFza2Y9ogiFEw+U1uA95+OAjaQIZFDk44zm8U8qR2XnbPyyf1pqXKV5ZRHe2gfHSIHnaMKukVV5CKKOHpBr+jNerberQ/rc9Kas7KZXTQF6+sXVdyYog==</latexit>

E < M
<latexit sha1_base64="sDhFGXrNG+UqBdk1SB37e2fhPOQ=">AAACC3icbVDLSgMxFM3UV62vqks3wSK4scyoqAsXRRFcuKhgHzAdSiaTaUOTzJBkhHHoJ7h0qx/hTtz6EX6DP2HazsK2HggczjmXe3P8mFGlbfvbKiwsLi2vFFdLa+sbm1vl7Z2mihKJSQNHLJJtHynCqCANTTUj7VgSxH1GWv7geuS3HolUNBIPOo2Jx1FP0JBipI3k3sBL2Lkz8QB1yxW7ao8B54mTkwrIUe+WfzpBhBNOhMYMKeU6dqy9DElNMSPDUidRJEZ4gHrENVQgTpSXjU8ewgOjBDCMpHlCw7H6dyJDXKmU+ybJke6rWW8k/ue5iQ4vvIyKONFE4MmiMGFQR3D0fxhQSbBmqSEIS2puhbiPJMLatDS1RdPB01FIUsGRGJp2nNku5knzuOqcVU/uTyu1q7ynItgD++AQOOAc1MAtqIMGwCACL+AVvFnP1rv1YX1OogUrn9kFU7C+fgH7gZsu</latexit>

E < ⇤

<latexit sha1_base64="8VAApzLczvXQEY+kmjEQRoWkn/0=">AAACC3icbVDLSgMxFM3UV62vqks3wSK4scyoqCspiuDCRQX7gOlQMplMG5pkhiQjjEM/waVb/Qh34taP8Bv8CdN2Frb1QOBwzrncm+PHjCpt299WYWFxaXmluFpaW9/Y3Cpv7zRVlEhMGjhikWz7SBFGBWloqhlpx5Ig7jPS8gfXI7/1SKSikXjQaUw8jnqChhQjbST3Bl7Czp2JB6hbrthVeww4T5ycVECOerf80wkinHAiNGZIKdexY+1lSGqKGRmWOokiMcID1COuoQJxorxsfPIQHhglgGEkzRMajtW/ExniSqXcN0mOdF/NeiPxP89NdHjhZVTEiSYCTxaFCYM6gqP/w4BKgjVLDUFYUnMrxH0kEdampaktmg6ejkKSCo7E0LTjzHYxT5rHVeesenJ/Wqld5T0VwR7YB4fAAeegBm5BHTQABhF4Aa/gzXq23q0P63MSLVj5zC6YgvX1C/7LmzA=</latexit>

E > ⇤

<latexit sha1_base64="ky205Ak7WxI+QI4alzyx8drZbX4=">AAACBXicbVBNS8NAEN3Ur1q/qh69LBbBiyVRUU9SFMGLUMG0hTaUzXbTLt1swu5EqKFnj171R3gTr/4Of4N/wm2bg219MPB4b4aZeX4suAbb/rZyC4tLyyv51cLa+sbmVnF7p6ajRFHm0khEquETzQSXzAUOgjVixUjoC1b3+9cjv/7IlOaRfIBBzLyQdCUPOCVgJPcGX+K7drFkl+0x8DxxMlJCGart4k+rE9EkZBKoIFo3HTsGLyUKOBVsWGglmsWE9kmXNQ2VJGTaS8fHDvGBUTo4iJQpCXis/p1ISaj1IPRNZ0igp2e9kfif10wguPBSLuMEmKSTRUEiMER49DnucMUoiIEhhCpubsW0RxShYPKZ2gK8/3QUsIEMiRyadJzZLOZJ7bjsnJVP7k9LlasspzzaQ/voEDnoHFXQLaoiF1HE0Qt6RW/Ws/VufVifk9aclc3soilYX79ZGpik</latexit>

E > M
<latexit sha1_base64="7VL4j3vACX+YKj3gNbTeARpU8lw=">AAACBXicbVBNS8NAEN3Ur1q/qh69LBbBiyVRUQ8eiiJ4ESqYttCGstlu2qWbTdidCDX07NGr/ghv4tXf4W/wT7htc7CtDwYe780wM8+PBddg299WbmFxaXklv1pYW9/Y3Cpu79R0lCjKXBqJSDV8opngkrnAQbBGrBgJfcHqfv965NcfmdI8kg8wiJkXkq7kAacEjOTe4Et81y6W7LI9Bp4nTkZKKEO1XfxpdSKahEwCFUTrpmPH4KVEAaeCDQutRLOY0D7psqahkoRMe+n42CE+MEoHB5EyJQGP1b8TKQm1HoS+6QwJ9PSsNxL/85oJBBdeymWcAJN0sihIBIYIjz7HHa4YBTEwhFDFza2Y9ogiFEw+U1uA95+OAjaQIZFDk44zm8U8qR2XnbPyyf1pqXKV5ZRHe2gfHSIHnaMKukVV5CKKOHpBr+jNerberQ/rc9Kas7KZXTQF6+sXVdyYog==</latexit>

E < M
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