N\

Gl © 1D

A\l

Y
7
=
T
—
Z
>
EL
N
ot
=
E
-
-
=
[~
e
s
v
@,
Z
<
—
&
<
<
P

CHARACTERISING NEW RESONANCES

AT THE LHC IN EFT

Hints about SU(2) nature in extended scalar sectors

Maya Hager
Max-Planck-Institut fur Kernphysik Heidelberg
maya.hager@mpi-hd.mpg.de

in collaboration with Giorgio Arcadi, David Cabo-Almeida, Florian Goertz
based on 2510.XXXX

Sept 24, 2025
DESY Workshop




Content...

...0f my talk:

 Framework

o Step-By-Step Guide
 Example: 95 GeV Resonance
* Qutlook to Other Masses

e Conclusion

...Of the Standard Model:

interactions | force carriers

mass
charge

spin

three generations of matter

=2.2 MeVI/c?

%

Al

up

=4.7 MeV/c2

-3
.

down

=0.511 MeV/c?
-1

»

electron

<1.0 eV/c2
0

Ve

electron
neutrino

(fermions)

=1.28 GeV/c?

%

»

charm

=906 MeV/c2
-1

v

strange

=105.66 MeV/c?
=il

- @

muon

<0.17 MeV/c?
0

. VU

muon
neutrino

=173.1 GeV/c?

3

v (G
top

=4.18 GeV/c2

=14

. ol
bottom

=1.7768 GeV/c?
=il

v Gk

tau

<18.2 MeV/c?

V1

tau
neutrino

(bosons)

gluon

photon

i1

=91.19 GeV/c?
0
1

Z boson

=80.433 GeV/c?
+1
1

Z

W boson

is

=124.97 GeV/c2

0

o H
higgs

extended

scalar

sectors ?

Maya Hager



@_w.}mf\ﬁ General ised H EFT HEFT D SMEFT

non-linearly realised EW symmetry

From

Standard Model of Elementary Particles

three generati_ons of matter interactiort\)so Is (f)c:‘r;:e carriers . .
| farons) ’ (bosons Ieadlng operators:
@ |- @ ? J Z 8u¢8 ¢ — (’)5
up charm gluon higgs
/ \ ¢ S h
‘'@ 1@ | f |
oayt (ViE quarks
down strange bottom photon J g ) 2 03 Y (EJ R) Oge + h.C.) I
— = eptons
- . H ;2 Tpvyysr1 apv a
electron muon Z boson J [ W Wu S CG G G ]
- ® l® [ CW
s | | e || woomn) s
d 1—)
07 =05 (h,S) =YY €Y s Hi i
q ( = e Higgs, new (light) scalar
1=0 7=0
_ 107G (x) /v
| EW Goldstone bosons| %(z) =€
for connection to DM, see in Goldstone matrix
Arcadi, Cabo-Almeida, DY=0)YY—31Z O'GWGE Z—B Yoo
2411.05914 Fabian, Goertz H H ) T )
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Step-By-Step Guide

—_— —_—

hints about at which
order operators should

I arise
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Step-By-Step Guide

- generalised HEFT
— —

your favourite
models constrain hints about at which
o models! order operators should
identify

operator scaling

I arise
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e di-tau p_, = 1.221“8:2% [2208.02717]

e di-bottom u;,, = 0.117 = 0.06 [1612.08522]

» di-photon 1, = O.24J_“8:8§ [1811.08459]

In analysis:
consider 90% C.L. (1.64 o) to avoid compatibility with O

95% CL limit on o(gg¢)B(¢—rr) (pb)

Onew

OSM

signal strength

U= X BRnew

BRgm

- Low-mass

138 b (13 TeV)
—_ . —

—e— (Observed

-------- Expected _

- 68% expected ]
95% expected E

High-mass

L0 | ! ! ! P R R R ! !
70 100 200 300 1000 2000

m, (GeV)
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we consider: | FeynRules + Djouabi (2005)| Y
tree-level processes - e = (“’Y%Tﬂbb - “fw,wz-,bé)
_ YV,TT, ex
loop-decay into W, Z, g,y e S I (A/%fw,bg)

off-shell decay into WW*, ZZ* Pretimiv\ar:ﬁ

di-photon channel: 5

production dominated by gluon fusion VBE VH included y2=5.1
| 101E 108
e scale-dependence absorbed into 107
coefficients — no assumptions 10° o6
during analysis!

101 10°
. . . ~ 104
» universal fermion coupling ¢, vs T, 102 ;9
10°
auge boson coupling €
gaug PliNg ¢ 103 .
= ~ o 10!
+ best fit for ¢,~ 0.4 and ¢, ~ 6.1 1040 1640
: : 20 10°
(but at 90% C.L. compatible with I R
- 101
~ 10— 10~ 10— 102 10! 10° 101
c.— 0) (k)
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A ~ O(1) parameter
/A: NP scale

(absorption of factors of v
Into coefficients to make them
dimensionless)

SINGLET

5 M M
/IX X <°<ZS + ‘EZS&UQG)

yuk

+ loops

_ V
W,z €.~ /IX
_ V
quarks Cp ~ N—
A
3 A1
W,Z,}/,g CX ~ —_—
1672 A

(for now — 0)

Scaling Examples

DOUBLET

dim-5 dim-4

Yukawa A X yer, f7.5/%

+ loops

processes with
one S decaying

K

~J/

Clel

~J

Cy =

for simplicity & clarity:

NO vevs, N0 MiXings

H J;
2R 2 _—C)@ 1
TRIPLET
v dim-5
Yukawa /IX X Your J15/%
+ loops

processes with
one S decaying
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A€ [1/3,3]
/A: NP scale

90% C.L. (1.64 0)
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10°

101
= i
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,,Naturalness Regions*
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o if singlet or triplet: low Anp preferred

* non-universal fermion coupling preferred

doublet better fit than triplet

* No need to redo best fit for each model
variation!
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Outlook to Other Masses

Potentially Interesting Collider Signals

9 T
e
9 T
g 8- T
>S
da - - - -
g 90~ T

T-pair production

probes couplings to fermions
& fairly clean signal

+ g-loop production

g Z/W+
4
g Z/W-
g o~ Z W
i‘j@.S A
g o~ ZJWH

di-boson resonance

probes couplings to gauge bosons

10

+ g-loop production
g Y

i‘iﬁs

decay into photons

probes interplay of coupling
to fermions and gauge bosons
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T-pair production

di-boson resonance

decay into photons

Outlook: other masses

F?réi.nm ihary

Doublet (varying c4,c;) Triplet

random scan:
A € [1/3,3]

M € [100,1000] GeV
10 000 parameter pts

lines =4, =1

Singlet with ¢W, c¢B, cG = 0 (varying «,cy)

[ ' ' ' [ ' ' ' b 1

< 0.001" 4 2 0.001F
A o
10—6 - YY — ]_0_6
- TT

| . . . | . A . | . . . | R

| . A . | . . . | R

200 400 600 800 1000 200 400 600 800 1000
M[GeV] M[GeV]
for low masses: if S & WW dominates over § — 77 : field unlikely to be a doublet / triplet
for high masses: if § — 77 or § — yy dominate over § — WW : field unlikely to be singlet
11 Maya Hager



Cestion Conclusion & Outlook
.,

e consistent + LHC-friendly _

generalised

* model-independent analysis possible HEFT
* can constrain possible models

 employ symmetries + power counting
to understand SU(2) nature of new
scalar

Tgeneralised
HEFT

* next: check effect of higher dimensional identify / build model
operators that fits!

12 Maya Hager
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)(2 for non-universal fermion coupling

k=0

x

Best-fit
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14

x = 6.1 (motivated from best-fit)
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A=1

A =2TeV

-0)
S

BR(cw,cg+0) / BR(cw,cp

Effect

Singlet

Y § 4
WW

T

— 17

100

200

M[GeV]

000

1000

15

-2

!

of FST term

v

1672

— mainly relevant for decay
iInto two photons

2B B, + gl WHW,, + b G, |
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Br (5 —> XX)

SM Comparison

SM

\
N

ek
=
@y
I
o
=

]

50

100
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500

16

1000

around my; ~ 650 GeV:

destructive interference
between top and W loop

for H — yy
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random scan:
- - A € [1/3,3]
Branching Ratios i
10 000 parameter pts
-
F?ret iminary ines £ 4, = 1

Singlet with cW, cB, cG = 0 (varying «,cf) Singlet with cW, cB, cG # 0 (varying «,cf)

. - - = % .
T T Cr et e e T sy L
- R N J.L"‘_ A A ven, R
L i T ) L e A T X
y '."".;é"‘:"-‘-' .",3-5"#:‘-' L 5

Tt e

200 400 600 800 1000 200 400 600 800 1000
M[GeV] M[GeV]

e coupling to FST — lifts destructive interference between top and W loop for decay into photons

* expect decay into gauge bosons to dominate if new scalar has large mass
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T-pair production

decay into photons

Contributions to decays

decay S — vy FST loop t loop b loop 7 loop W
singlet v (5 + loop) | V(5 + SM loop) | V(5 + SM loop) | V(5 + SM loop) | v (5 + SM loop)
doublet X v (4 + SM loop) | v (4 + SM loop) | v (4 + SM loop) X I
triplet X v (5 + SM loop) | V(5 + SM loop) | v (5 + SM loop) X

decay S — 77 | Yuk
singlet v (5)
doublet v (4)
triplet v (5)
decay S - WW FST loop t loop b K
singlet v (5 + loop) | V(5 + SM loop) | V(5 + SM loop) | V(5)
doublet X v (4 + SM loop) | v (4 + SM loop) X I
triplet X v (5 + SM loop) | V(5 + SM loop) X

18 Maya Hager



1.00

Coupling Range :

0.25

:(, 0.00

couplings can be a priori positive or
negative
but: sighal strength symmetric 1.00
up to negligible effects 0e
_ 0.50
— focus on absolute value for couplings o
% 0.00 >

largest coupling for analysis: 4
smallest coupling: O

(in log-scale 107>,

if dim 5 = Ayy = 10* TeV)

—0.25

—0.50

—0.75

—1.00 1071

(£)
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