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Vector boson scattering
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- Very important process of PN /
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- Heavily studied in experiments
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- Especially for BSM searches \

- This talk: Pathway to measuring finite extent of “Higgs”
- Why bother?

- Necessary for scenarios where Higgs is composite

- E.g. in BSM: composite Higgs, Technicolor, ...
- Maybe additional background from within the SM?
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Scattering processes

- Experiment: cross-sections in specified decay channel
- Theory: cross-sections from fundamental theory
de o IM*  M...Transition matrix
- Specify channel e.g. Higgs: J° = 01 « needs a partial wave
analysis

M) (2)+1) ' sin (6)) Pj(cos 6)
————
fj...partial transition amplitude

- Phase shift ¢, contains full scattering information

How is o, modified for intermediate states with finite radius?
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Including finite size contribution

- Focus on process: WEWT/Z2Z — WEWT /ZZ

- Close to elastic threshold additional attractive component

- Can be described by the scattering length ag

_ 2
tan () ~ V2 jmw @ elastic threshold
J i

- Negative scattering length <+ Bound state of some size

- Inside the elastic region — contribution becomes small

- Modification of perturbative approximation:

tan ((5]) — tan (5/’pT) — Af(Clo, S)
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Including finite size contribution
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Mock-up: Phase shift modification for Higgs with my = 125 GeV and ”(Tl = 40 GeV.
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Including finite size contribution

- Modification of tan (d;) > direct impact on cross-section

- Ratio of modified differential cross-sections to usual PT

di di —|1_ QMAf 1— MAf
[¢] modl an PT Mpr 2Mpt

- Deviations expected only for Mas > Mpr

- for /s close to elastic threshold £,

+ requires Ey < My + |ag |

What do these deviations look like?
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Including finite size contribution

Enhanced scattering between 45° and 135°

200

Vs

Suppressed forward scattering [GeV] 20

BS-structure prohibits that 5 for large momenta

Negligible influence

Mock-up: Differential cross-section modification for Higgs with m; = 125 GeV and aJl =~ 40 GeV.
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Including finite size contribution
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Mock-up: Integrated cross-section modification for Higgs with my; = 125 GeV and cJ' =~ 40 GeV.

Bernd Riederer
(@ @b_riederer)

Vector boson scattering from APT



https://www.twitter.com/b_riederer
https://doi.org/10.1103/PhysRevD.105.114513
https://arxiv.org/abs/2204.02756

A possible SM-background?

There are still two open questions in this talk:

1. Why are there SM-like Higgs masses used in mock-ups?

2. What does “augmented perturbation theory” refer to?

Field theory requires physical states to be gauge-invariant

— All weakly interacting particles are bound states

00 @9 & (0

Usual point-like assumption is not valid — finite radius
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A possible SM-background?

“Augmented perturbation theory” (APT)
Maps: bound state correlators «+ perturbative correlators

- Masses are unaffected by finite size

[Maas and Sondenheimer PRD 102 (2020) / Dudal et al. EP) C81 (2021)]
~ + + small dev.
~— ——
N / Higgs mass Scattering state

Bound state mass

- Scattering processes are sensitive to the change

‘ ‘ % ° + finite size
0 contribution
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Support from lattice results

tan( 3,

—2 L L L . L
175 200 225 250 275

E [GeV]

Tangent of phase shift: Lattice result (w. statistical errors) + Born-level PT + finite size contribution
Etp =~ 160 GeV; my =~ 148 GeV; ayy 200 gey = 0.492; ual ~ —39GeV
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Summary & Outlook

VBS process allows to probe “composite-ness” of the Higgs

— from SM
— from BSM

- Can be identified from modifications of the cross-section

close to threshold

- Field theory requires unaccounted-for SM background

- Either way guarantees a discovery of ...

Bernd Riederer

— a subtle SM-effect

— something new
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Thank you!
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Reduced SM with large ay
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Modification of differential cross-section: £y, ~ 160 GeV; my; ~ 148 GeV; ag L~ —39Gev
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Reduced SM with large ay

20 7
4 /

""" 9 Born

o [ub]

n
175 200 225 250 275
E 1GeVl

Integrated cross-sections (top) and ratio of these (bottom)
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Reduced SM with large ay
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Modification of differential cross-section: £y, ~ 160 GeV; my ~ 149 GeV; a(T‘ ~ —12GeV
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Reduced SM with large ay
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Augmented Perturbation Theory (Masses)

1. Formulate gauge-invariant operator and correlator e.g.:

0" singlet: H(x) = <¢,T¢,->(x)
(HEOH)) = { (ol61) ) (el ) 1))
2. Expand Higgs field in fixed gauge ¢; = vn; + h;
((¢f0r)00(¢f0)) ) = vt + 2 (o] R [nf] ) ) +
+2e{{ (lm) Rl 00) + e )} + () o (nf) 00)
3. Perform standard Perturbation Theory

< (¢,T¢,-) - <¢;¢j) (y)> —d'vA 1 4y <§R[nfh,-]f(x)§n[nfh;] (y)> ¢

tl

+ <§R[n?h,] T(x)%[nfhj] (y)>i +0(g2, ) ;
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Gauge invariant weakly interacting particles

Physical Higgs: 0% —

e @ =t {r°0'D,0}

Physical Wj: Gy = =

vt o @lwgyww
. 5 VL
Physical fermion:  Of = = q><eL>
M




Modified cross-section

- Assuming: phaseshift 4; can be obtained from PT

- Reunitarized partial transition amplitude:
Fy=1/Re(1/f)) — F, =tan(9))/(1 — itan (J)))

- Adding finite size contribution: tan (§;) — tan (§;) — Af]

Af, o
A= ()Tt — 1~ AF

:>Fj—>Fj—(

Mot o< Y (2) + 1)F)Py(cos ) Mag o< D, (2] + 1) AFPj(cos 0)
Mmod. = Mpr — M ¢

() (%), - lrommtial |t
d mod. dq PT_ |~/\/1PT|2 B M%T
|- (- nar)
Mot 2Mpr
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