Osterreichischer
L NAWI Graz UNI FWI: Wissenschaftsfonds
Natural Sciences " GRAZ|

Weak Physics using the FMS
Mechanism

Sotie Martins
University of Graz

[n collaboration with Axel Maas, Georg Wieland and Patrick Jenny

COMETA Workshop on electroweak evolution and electroweak showers
17th February 2026
University of Graz



ntroduction



Confnement in QCD (SU(3))

1. Observers are color blind 4- - )+ - - ?
@ 2. Physical objects are color singlets

3. Predictions require non-perturbative ﬁ:%fﬁé
techniques N



Some claims apout the weak interactior

|
1. Observers are not weak e 6
iIsospin blino

e 2. Leptons and neutrinos are
") (B individually observable

3. Perturbative treatment
possible using the BRST ~ ps~=~=-

construction

Elitzur’s theorem: Gauge symmetries cannot be spontaneously broken!



Elitzurs Theorem



What would make more sense

1. Observers are weak-isospin blind 4- ----- £

£
2. Physical fermions are composite
e

3. Predictions require non-perturbative Q

R

technigues e



For example ...

Fundamental left-hnanded fermion doublet and Higgs doublet
reorganized in matrix X

: N,
v=(c)  x- 5 b,

Combine to physical & observable fermion

£
= (]1}7)2 = (X"y),

A. Maas, Prog. Part. Nucl.
Phys., 2019, 1712.04721] and
‘eferences therein




Vore operators

LEFT-
SCALAZ VE<TOR BosoN trT
R / N Y -
: : I’ r* |' '
SRl AT K

A. Maas, Prog. Part. N

HANDED

FEQMioN

ucl.

Phys., 2019, 1712.04721
references therein
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Lattice Approach
Tqrao.\: '\'\moﬁd LATTI &

QAWGE SCALAR
= = WRWW M L 4 [ (D,.X7) (D*X))
2 (Lr(x*x) -{*)

+ LEFT- havpED % RIGHT- HANDED
FeRMioNg

4 \W\\‘AUA- . (pU\PL\I\/ A A. Maas, Prog. Part. Nucl.
Phys., 2019, 1712.04721] and

‘eferences therein




Why you should care

22
) To not confuse a BSM with NP SM effects

To correctly build extensions of the SM on top of the weak
sector

L",__ t is consistent with the PDG that lepton & quark

e. generations are levels of excited states -> compute CKM/

—% PMNS matrix elements from the lattice
[Egger et. al.,, Mod.Phys.Lett. A, 2017,

1701.02881]
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The standard model but simpl
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Outline
1. Quasi-PDFs
How much internal structure do we see theoretically?

2. Physical Phases and Mass Hierarchies in the system

How does the theory behave?

-
- , -

;Oi, 3. Cross-sections obtained from spectral densities
o

I[dentify deviations from perturbation theory
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Outline
1. Quasi-PDFs
How much internal structure do we see theoretically?

2. Physical Phases and Mass Hierarchies in the system

How does the theory behave? - \
N\ See

P\‘ . 3. C ] btained from tral o It Xv\\k&\
~ . LIOSsS-5eCloNs OPLAINed 11rofm specCtral densities )
.7 : / SJTOEVO& )

I[dentify deviations from perturbation theory
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Parton Distripution Functions
[Or electroweak physics



Parton Distripution Functions

Fxample: Deep-inelastic scattering of the proton

- Shows the distribution of a single constituent momentum relative to the total
momentum

. |s computed in the Bjorken Limit: Infinite momentum transfer

Q- _(p‘—fg')—)oo b A

/
<

fe.

electrou

Fro‘\'o‘-\

<l

¥



Parton Distripbution Functions

Fxample: Deep-inelastic scattering of the proton

- Contains information about the internal structure of the proton

—|_’ﬁ % 4\ 76 7wz a % Yz 7 >
& pVoi'ov\ Co LS\ sﬁua o|

b fdenatl gt iy AT a3 beed gt
0 S Lo (RS
profat o3 A T 3 b Quarks :u?-’.am.diua

5\\30\4: 16



[.attice PDFs: Quasi-PDFEs

- We cannot achieve the Bjorken limit: Infinite momentum
. Instead we use large but finite momenta

POE - g‘_(x) -on\m stvuckuus -F«ud—{ous ™ ‘B}o"ltzm Uumt

_;ZX?3< ? | O»(Zlo) ,P>




[.attice PDFs: Quasi-PDES

- We cannot achieve the Bjorken limit: Infinite momentum
. Instead we use large but finite momenta
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FMS W-boson

: xﬂ/%)l(x; P.)for L. = 16

- Shows the internal structure of
ohysical W under the
assumption of FMS

17°0.020

170.015

170.010

170.005

~0.000
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FMS Higgs-boson PDE

. xizg)(x; P;) for Ly = 16

- We may be able to compare this
to results from the High-
Luminosity LHC

20



L.attice spectroscopy



Lattice spectroscopy

) = <OE B0 = 50| (A e~ En
W




Lattice spectroscopy

c@) = <Ot 0(0)s = Z\(OI 5’(0)“&7‘1(__ St
N

/N £ XCITED




Lattice spectroscopy

i) = <OEI0)s = Z\(OI&(O)W?‘IQ_ S
"

i FTTED _
1 PLATEAWT

|

t



Lattice spectroscopy

ci) = <O 00)5 = Z‘(Ol 5’(0)“&7‘1(__ St
£
0 — |<6|0(0)1>* (?E"t
: - Eus WDEAN

. 1 Mol se/
113 { SiaiAL DEQRADATIOM




Parameter Regions

Phase space, without GEVP future precision will be increased

IIIIIIIIIIIIIIIIIIIIIIIII

xxxxxxxxxxxxxxxxxxxxxxxxxx

1.0[ | | | --scalarmy |- & -e-scalar my
i -»-vectorm, || 1951 | | | -»-vectorm, ||
I ——fermion My | | I ——fermion My ]
0.8 : :
* 1.00 | o
T ol 0 f
g * 5 0.75 | H :
S 3 ]
0.4 0.50 | .
BE \, :
0.2 0.25 N
010 011 012 013 014 0.1

Y K
Higgs-like region ] ]
QCD-like region
stable Higgs inverted mass hierarchy with vector
Scalar = Higgs much heavier than vector = W/Z heavier than scalar

'Wieland, Maas, PoS, 2025]



Parameter Regions

Phase space, without GEVP, tuture precision will be increased
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Spectral densities



C Backus, Gjlbert 1368 k1330]

Backus Gilpbert Approach

Continuum Lattice / Finite Volume



C Backus, Gjlbert 1368 k1330]

Backus Gilpbert Approach

Continuum Lattice / Finite Volume



C Backus, Gjlbert 1368 k1330]

Backus Gilpbert Approach

A il E

t

Continuum Lattice / Finite Volume



C Backus, Gjlbert 1368 k1330]

Backus Gilbert Approach

Smearing



C Backus, Gjlbert 1368 k1330]

Backus Gilbert Approach

Smearing



C Backus, Gjlbert 1368 k1330]

Backus Gilbert Approach

Smearing

t t

8, (5,Ex]= J dED O.(E_k)f)gl_a—:)
0



C Backus, Gjlbert 1368 k1330]

Backus Gilbert Approach

Smearing

§
_ 1IN T ofper”
: . &m
%_‘;“oo 8 (5, Ex] ,g(E-k) = 50 %_‘;“oo 8, (5,Ex)
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[ Hauseu ct.al 20I9
Hansen-Lupo-Tantalo Method

Expand kernel in functional basis preserving backpropagation
-(T-t)t

A(E*.E)zé‘o%t(m [ e

Balance and uncertainties
_ 2 Var (C
(9] =§AElAG(Ex,E)—A¢(E*,E)| 0

0




Spectral Density Functions
Optained using HLT

Stable Higgs Borderline Resonance

1.00 - 0.04 -

0.04 -

i 0.03 1
> 0.75 | 0.03 - | |
g; Lattice size
a o 16
— 0.02 1
o
Q o 28
)

0.254 0.01 0.01

0.00 - 0.001 e 0.00 -

Technigue: [Hansen, Lupo, Tantalo, Phys. Rev. D,
2019, 1903.06476]



Staple Higgs: .

Spectral density p(E)
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Predictions for cross-sections of
Higgs and Vector Boson Scattering



Exclusive Decay Rates

Phenomenology predicts measurable difterences in ZZ - H - ZZ

4r e pert.
fitted
8
> 12
5 16
= 20
s 27 24
28
32
<+

225 250 275

E [GeV] 175 200 225 250 275

.« Expected deviations @ O(100 GeV) | E [GeV
| | | | | Figures: [Jenny, Maas, Riederer, Phys. Rev. D, 2022, 2204.02756]
. Avoid mistaking signal for BSM physics
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Computing a transition propapility

~y P= lothF,c?‘{c-‘fibcL\z

With definite momenta P_‘ and 3‘1

Physical theory encoded in S-Matrix



Bul

ava/

ansen method

[ Bulave, tamseun, 2619}

m ?1r£;ctu ouk, MW P""’KC—\’—‘ A

 Disassemble amplitude spectrally

 Compute this spectral function by solving inverse problem

Ch.g, EPN\R £4:8\H1)= |4

-rr‘

€At

=< gfmiﬂ(iﬂhs\ﬁ") L4 %\#4)



Dispersion re

Momentum dependence of mass vs. expected analytical behavior
aE(p) = acosh(cosh(am) + 1 - cos(2 = np,/L))

ation

0.8 1

akE((0,0, p,))

0.4 -

0.2

K 3

—

Pz

Channel

—0— scalar

—0— vector
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Ratio correlators

WH->WH WH->WH WH->WH WH->WH WH->WH
0 1 2 4
- ] 1e+05 A
1e+04 e+05
1e-01 4 \ e+047 m |” 1e+03 - o
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W L 1e+01 w\ | g ) W |W
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0 1 2 3 4 ~o— Real
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1e+04 .
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Matrix e

WH—>WH
0
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200 -
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—— Imaginary

— Real
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Outlook

. Precision on spectral densities + extraction with other methods
- Higher momenta operators
- Yukawa couplings it we find excited states consistent with generations/flavors

- Mixing angles between exited leptonic states
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Outlook

. Precision on spectral densities + extraction with other methods
- Higher momenta operators
- Yukawa couplings it we find excited states consistent with generations/flavors

- Mixing angles between exited leptonic states

Thank you for your attention!



