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New resonance = new physICcs
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A very successful history.

Question: where to look next?




Many searches, well covered

Overview of CMS EXO results
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Many models, multiple final states, ...




My talk

* Overview of some interesting cases.

* With my own take and emphasis.

* Highlight some directions, hopefully motivate more
work.




1. Connected to weak scale

Best motivated to be around TeV scale.




TeV-I1sh resonances

* Connection to the weak scale is the best motivation

for the new resonances to be nearby, that is, close
to TeV.

* Examples: Composite Higgs, extra-dimension, etc.

* Historically, this has been a big motivation to look
for them at the LHC. It remains to be the most
motivated case.




Resonances and thelr
decay products.

* Resonance can be spin 0, 1/2, 1, 2.

* With a variety of qguantum numbers.

* Being related to the weak scale, their decay
products tend to favor SM particles with sizable
coupling to the Higgs:

W.Z, h,t,b, t




Heavy bosons

W, Z h, t b1

X,spin0, 1,2 X

W, Z, h, t b7

For example:

March 2024

138 fb ' (13 TeV)
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Production: DY, ggF, VBF...
Final states: all combos
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HH — bb,WW — > 1l (resolved)
2403.09430

HH — vy, 1t
HIG-22-012

HH — 4W/4t/2W2t — > 2|
JHEP 07 (2023) 095

HH — bb,yy

2310.01643, Acc. by JHEP

HH — bb,WW — > 1l (merged-jet)
JHEP 05 (2022) 005

HH — bb,bb (merged-jet)

PLB 842 (2023) 137392

ZZ - qq,ll

JHEP 04 (2022) 087

ZZ - qqvv

PRD 106 (2022) 012004

WW - Iv,qq
PRD 105 (2022) 032008

WW/ZZ — qq,99
PLB 844 (2023) 137813




Heavy bosons

W, Z h, t bt

X,spin0, 1,2 X

W, Z h, t b7

From Goldstone equivalence theorem, for heavy X (~TeV), we
expect to have channels with h < Z;, and W, .

And the decay BR are fixed, not model dependent.




Heavy bosons

W, Z h, t bt

X,spin0, 1,2 X

W Z,Nh t bt

From Goldstone equivalence theorem, for heavy X (~TeV), we
expect to have channels with h < Z;, and W, .

And the decay BR are fixed, not model dependent.

For example, for spin O and spin 2 resonances:
BR(X - ZZ) ~ BR(X — hh) ~ 0.5 x BR(X - WW)

For example, for spin 1 resonances:
BR(X* - W*2) ~ BR(X* - Wh) BRX" - W*W™) ~ BRX" - Zh)




Heavy bosons

From Goldstone equivalence theorem, for heavy X (TeV), we
expect to have channels with h & Z;, and W, .

And the decay BR are fixed, not model dependent.

For example, for spin O and spin 2 resonances:
BR(X - ZZ) ~ BR(X — hh) ~ 0.5 x BR(X - WW)

For example, for spin 1 resonances:
BR(X* - W*Z) ~ BRXX* - W*h) BRX" - WtW™) ~ BR(X" —» Zh)

For example, although Higgs final states are interesting, they
aren’t completely independent. Need to be careful in whether
it Is the most sensitive channel.




Heavy fermions

t,b, T

W, Z, h

Many searches, both single and pair production.

Goldstone equivalence theorem works here as well:

For example: BR(T — Zt) ~ BR(T = Zh) ~ 0.5 X BR(T = bW)

Or similar relations for other quantum number of the heavy fermion.




2. Ihe “others”.

Should not be forgotten.




Why these”/

* Our motivation can be wrong. Nature may (have
often) surprise us.

* Many well motivated scenarios have these
additional states just due to model consistency.

* Example: gluino, slepton, kk-gluon, extra-Higgses...

“Islands off the coast of the continent” R. Sundrum, SEARCH25




A few examples

*

Z: GUTU(t)'s, L, — L, B—xL, ...

Hadronic resonances: KK-gluon, di-quark, ...
Lepto-quark

Strongly coupled NP form bound state then decay
X-oniums.




A few examples

* \/ector-like quark/leptons

u,d,s,c,u, e

W, Z, h
For example: BR(E — Ze) ~ BR(E — Ze) ~ 0.5 x BR(E — vW)

Not necessarily top partners.
But these could also be well motivated.

-or example: part of a natural model, or play a role in flavor
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3. A bit more exotic and
challenging.

Nature may really surprise us!




. HC, Higgs mass and landscape

Toy model of a landscape, N scalars S; .

If each scalar has two vacua = 2N vacua

Can be a large landscape for N >> 1 (e.g. N~102)

R.-T. D’Agnolo, M. Ettengruber, LTW, in progress




. HC, Higgs mass and landscape

Toy model of a landscape, N scalars S; .

If each scalar has two vacua = 2N vacua

Can be a large landscape for N >> 1 (e.g. N~102)

Connection to the Higgs mass, Higgs couples to the scalars

N
QDHTHZ/IUS,.LS’J-+..., N> 1

l,]

R.-T. D’Agnolo, M. Ettengruber, LTW, in progress




HIgQgs to landscape scalars
-ollowed by cascade among scalars

S, bbiccltt

Large multiplicity O(10)

median cascade length

N

R.-T. D’Agnolo, M. Ettengruber, LTW, in progress




Interesting alternative

bblcéltt

S. _bblccltt S. _bblccltt

l
%
N\ bb/ccltT

J

bblcéltz

bbl/ccltt bblccltt

5% bblceltt

Rate into a particular final decay chain « A% ~ 1/N?  tiny.
However, many possible channels, total h = scalars can be sizable!




Interesting alternative

bblcéltt

S. _bblccltt S. _bblccltt

l
%
N\ bb/ccltT

J

bblcéltz

bbl/ccltt bblccltt

Sl bblceltt bblcéltz

Rate into a particular final decay chain « A% ~ 1/N?  tiny.
However, many possible channels, total h = scalars can be sizable!

= b/c/T ..., high multiplicity of final states

but no fixed topology, no reconstructing particular resonances or
decay chains.




Are we ready for this”
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New ideas to trigger and tag on this kind of final states”?




Challange for Triggering:

hadronic ALP

A. Hook, S. Kumar, Z. Liu, R. Sundrum, 1911.12364
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“Window of opportunity”. Solves strong CP problem with high quality.

LHC within striking distance.

O(cm) level displacement. Triggering on hard ISR severely restricting reach.




Form-factor




Form-factor

. Resonance
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Form-factor

Resonance

“Form factor”
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Form-factor

Quite exotic.

Similar to very broad resonance.
Could be of more general shape.
Are we ready for this?

Resonance

“Form factor”
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Conclusions

* Heavy resonance is an important BSM physics
target.

* Many cases well covered. But we can do much more

* Many “conventional” resonances have similar final
states (and BR), easy to classify/consolidate.

* Expanding to more exotic cases.
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Decay of KK-graviton

T. Han, 1.D. Lykken, and R.J. Zhang, i)ﬁys. Rev. D 59,
105006 (1999).

(exy ) my

320

F(G — tRlTR) ~ Nc

(cxy)*my

9607

I'(G — hh) =

(cxy)*my

[(G— W/ W,) = 1807

(cxy)*my
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https://arxiv.org/abs/2008.07949
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