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Looking for new physics at the LHC

general considerations

Problems
@ Proliferation of models on the market
@ Still many models have to be built "in-house" for specific problems
@ |Intensive (often redundant) MC simulations to achieve enough accuracy

Disk space and computing time are often very limited
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@ Still many models have to be built "in-house" for specific problems
@ |Intensive (often redundant) MC simulations to achieve enough accuracy

Disk space and computing time are often very limited

Devise strategies to optimise and share resources

Goals
@ TH/PH: recast public experimental data to constrain theoretical models
@ PH/EXP: design new search strategies to explore new avenues
@ EXP: optimise even more the interpretation of experimental data
Using public simulated datasets

A possible way
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Looking for new physics at the LHC

the di-Higgs case
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B. Di Micco et al. Rev. Phys. 5 (2020), 100045

@ di-Higgs as a probe of Higgs self-interactions
@ HL-LHC has the potential to discover Higgs pair production

@ sizable deviations from the SM might be associated with light particles
— coupling modifiers do not catch all shape deviations
— the EFT approach might not be always applicable

Deconstruct di-Higgs and see what we can extract

S. Moretti, LP, J. Sj6lin, H. Waltari, (only non-resonant case)
S. Moretti, LP, J. Sjélin, H. Waltari, (adding resonant contributions)
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https://doi.org/10.1103/PhysRevD.107.115010
https://doi.org/10.1103/p2p4-67g9

Di-Higgs signal elements

4 What can the signal be
| from a general perspective?
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Di-Higgs signal elements
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from a general perspective?

New coloured particles
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Reduced cross-sections

\)
8 . "l N .-h
Let’s take one signal contribution: ;}c ‘: With £ = k5, hh5}Si
I > ~h
Si
A o Rhhs;5; — g = H%hg’,}ia’(mﬁ,‘)
@ rys5- rescaling of the cross-section
@ 6 (m;,): kinematics of the process == reduced cross-section
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Reduced cross-sections

\)
g <. _-h
Let’s take one signal contribution: } ‘: With £ = k5, hh5}Si
g S Ssp
Si

. — 2 Sl
A K5, =— 0 = ”h/ﬁ,-s,-"(me)

@ rys5- rescaling of the cross-section
@ & (mz): kinematics of the process == reduced cross-section

8 TOONLS S0 e h
Let’s add another contribution: t > - ® withl= whyv SR + K, STt
gooov 1 “h

A 2 4 N
o = s, 6(ms) + (KgyiG,)” 6(ms; Ts,) + K, Ktk 8™ (ms;, s, T's;)

@ couplings: rescaling of the reduced cross-section

@ masses, total widths and Lorentz structures: kinematics of the individual
subprocess

The total cross-section is constructed by adding a complete set of elements
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The recipe
For a given process, broadly defined as “initial state — final state” at parton level
1) Deconstruction
Identify all combinations proportional to unique couplings products

2) Database building
Simulate individual samples in a multidimensional grid of parameters which affect
kinematics and store the samples

3) Recombination
Analyse the process for any choice of theory parameters (masses, couplings, BRs...)
by doing a weighted sum of the deconstructed samples

masses, widths. ..
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1) Deconstruction

coloured scalar
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di-Higgs
in the NMSSM

10 kind of topologies

Minimal deconstruction
ingredients
® modified SM couplings

® 4 coloured scalars
(of any charge)

® 2 neutral scalars
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1) Deconstruction

Cross-section

t int
o =op+oy+0os+os+os+ g frB—f— E ol
i=M,s,S,Ss i,j=M,s,S,Ss

B: SM background, M: modified SM, s: squark propagation
S: neutral scalar propagation, Ss: neutral scalar+squark propagation

One of these terms (interference between diagrams with squarks and the SM):

ml _ ii int 2 int int "
OB = E : [“hqqass mg;) + E : ”lqu 63015(mg; ;) + KhhquS\B(m‘ii)
i=1,2 Jj>i

The first element, graphically:

Si
g <. ,oh- CLLNS
olp(mg) =R % . -- -< + e = K08 (mg,)
g A 2 “sp- LI
Si
Topology "5" SM topology
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2) Database generation

Perform separate MC simulations for each deconstructed term

Example with MG5_AMC:
1) Associate individual coupling orders to each new coupling
2) Use specific simulation syntax for each process

Background: generate p p > h h [QCD] QCD"2==4 QED"2==4

5/B: s+ T { | generate p p > h h [QCD] QCD"2==4 QED"2==3 HSQ15Q1"2==

Remove any unwanted particle from propagation and set any other coupling order to 0
Scan over relevant kinematic parameters for each contribution

Mg,

> Database of samples
simulated once and for all

mg,
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2) Database generation

Perform separate MC simulations for each deconstructed term

Example with MG5_AMC:
1) Associate individual coupling orders to each new coupling
2) Use specific simulation syntax for each process

Reconstructed
Parton level particles Recast
LHE
LHE piping through _ 7 FASTIETVIRMAS - piciency
from MG5_AMC PYTHIA 8 tables
ROOT
from RIVET
~ 100Mb ~ 80Mb LHE
per 100k events ~ 200Mb ROOT O(Kb)

The grid doesn’t need to be too dense == interpolation between points
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2) Database generation

Perform separate MC simulations for each deconstructed term

Example with MG5_AMC:
1) Associate individual coupling orders to each new coupling
2) Use specific simulation syntax for each process

Parton level

LHE
from MG5_AMC

~ 100Mb
per 100k events

Core

database content

Reconstructed
particles Recast
LH
FASTJET via MA5 .
_______________ > Efficiency
tables
ROOT
from RIVET
~ 80Mb LHE
~ 200Mb ROOT O(Kb)

The grid doesn’t need to be too dense == interpolation between points
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2) Database generation

Perform separate MC simulations for each deconstructed term
Example with MG5_AMC:
1) Associate individual coupling orders to each new coupling
2) Use specific simulation syntax for each process

database content

Reconstructed
Parton level particles Recast
LHE
LHE piping through _ 7 FASTIETVIRMAS - piciency
from MG5_AMC PYTHIA 8 tables
ROOT
from RIVET
~ 100Mb ~ 80Mb LHE
per 100k events ~ 200Mb ROOT O(Kb)
Core Optional

The grid doesn’t need to be too dense == interpolation between points
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3) Recombination

invariant mass distribution m,,

0) Background distribution (intrinsic background only: pp — hh)

3 SM (0 x BR=19.252 fb)
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Mpp (GeV)
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3) Recombination
invariant mass distribution m,,
0) Background distribution (intrinsic background only: pp — hh)
1) Distributions from deconstructed elements (i.e. with couplings factorised away)

Example with the o, elements
only squarks for the next few slides — non-resonant case

T Gealmi)
10-2 3 Geglmiy)
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1074 e,
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o 107 am )
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= 106 B4t (m, )
s halrm, )
3
e 10*7
S Y
-10-
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_10-5

0 500 1000 1500 2000 2500 3000
Mnn (GeV)

The deconstructed samples do not need to have the same number of MC events
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0) Background distribution (intrinsic background only: pp — hh)
1) Distributions from deconstructed elements (i.e. with couplings factorised away)

Thresholds

at 2m;l~2 ‘?

Negative interference
between topologies

The deconstructed samples do not need to have the same number of MC events
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only squarks for the next few slides — non-resonant case

d6/dMy, (fb/GeV)
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3) Recombination

invariant mass distribution m,,

Example with the o, elements
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d6/dMyy (b/GeV)

107

—106

~10-5

3) Recombination
invariant mass distribution m,,
0) Background distribution (intrinsic background only: pp — hh)
1) Distributions from deconstructed elements (i.e. with couplings factorised away)
2) Weighting the distributions with the benchmark couplings and recombine!

Example with the o, elements
only squarks for the next few slides — non-resonant case

3 Gealm)

300 fb~1)
s

0 (R GR Ol )
3 S(0xBR=2826 )

Events (Lint

o 500 1000 1500 M2()(;0 2500 3000 [ - 500 1000 1500 fﬂoﬂ 2500 3000
Mpy (GeV) Mpn (GeV)
only depending on depending on
the squark masses masses and coupling

The recombination is done bin-by-bin for each distribution
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3) Recombination
invariant mass distribution m,,
0) Background distribution (intrinsic background only: pp — hh)
1) Distributions from deconstructed elements (i.e. with couplings factorised away)
2) Weighting the distributions with the benchmark couplings and recombine!

=1 SM + Signal (0 x BR =22.077 fb)
771 S (05 X BR=2.826 fb) [ Signal (0 x BR = 2.826 fb)
[ SM (0 x BR=19.252 fb)
10%
10?
&
! 11
a Kiki=-6.702€-01
= 22
o 10 KiZ = -6.374e-01
o
™
[
g
21
L2 o0
g -1
>
i
-10

0 500 1000 1500 2000 2500 3000
Mph (GeV)
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3) Recombination

invariant mass distribution m,,

0) Background distribution (intrinsic background only: pp — hh)
1) Distributions from deconstructed elements (i.e. with couplings factorised away)
2) Weighting the distributions with the benchmark couplings and recombine!
3) Repeat for all deconstructed elements
=1 SM + Signal (0 x BR = 22.077 fb)
71 S (0s x BR=2.826 fb) [ Signal (0 x BR=12.826 fb)
[ SM (0 x BR=19.252 fb)
10° mi, = 600 GeV
mi, =1300 GeV
102
b
e e
8 10 Kppgi =-6.374e-01
mMm
1]
4
2 0
S -1
>
w
-10

0 500 1000 1500 2000 2500 3000
Mpp (GeV)
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3) Recombination

invariant mass distribution m,,

0) Background distribution (intrinsic background only: pp — hh)
1) Distributions from deconstructed elements (i.e. with couplings factorised away)
2) Weighting the distributions with the benchmark couplings and recombine!
3) Repeat for all deconstructed elements
M (oy x BR =0.004 fb) =3 SM + Signal (o x BR =22.081 fb)
71 S (0s x BR=2.826 fb) [ Signal (0 x BR=2.829 fb)
[ SM (0 x BR=19.252 fb)
10° m, = 600 GeV
mi, =1300 GeV
102
b
e e
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3) Recombination

invariant mass distribution m,,

0) Background distribution (intrinsic background only: pp — hh)
1) Distributions from deconstructed elements (i.e. with couplings factorised away)
2) Weighting the distributions with the benchmark couplings and recombine!
3) Repeat for all deconstructed elements
M (om x BR =0.004 fb) =3 SM + Signal (0 x BR =22.081 fb)
S (05 x BR =2.826 fb) [ signal (o x BR=2.829 fb)
MM (ojf}y X BR = —0.000 fb) [ SM (0 x BR=19.252 fb)
10° mi, = 600 GeV
mi, =1300 GeV
102
7
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mMm
1]
4
L R
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w
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Mpp (GeV)
Luca Panizzi Deconstructing signals of new physics at colliders 10/16



3) Recombination

invariant mass distribution m,,

0) Background distribution (intrinsic background only: pp — hh)

1) Distributions from deconstructed elements (i.e. with couplings factorised away)
2) Weighting the distributions with the benchmark couplings and recombine!

3) Repeat for all deconstructed elements

M (0w X BR = 0.004 fb) =1 SM + Signal (0 x BR =20.910 fb)
S (05 x BR=2.826 fb) 1 Signal (0 x BR=1.659 fb)

MM (ojfy x BR = = 0.000 fb) [ SM (0 x BR=19.252 fb)

SS (o x BR= —1.170 fb)

M, =600 GeV
mi, = 1300 GeV

102

n
KiE=-6.374e-01
10

Events (Lin = 300 fb~1)

-10

0 500 1000 1500 2000 2500 3000
Mpp (GeV)
Luca Panizzi Deconstructing signals of new physics at colliders

10/16



3) Recombination

invariant mass distribution m,,

0) Background distribution (intrinsic background only: pp — hh)

1) Distributions from deconstructed elements (i.e. with couplings factorised away)
2) Weighting the distributions with the benchmark couplings and recombine!

3) Repeat for all deconstructed elements

M (om X BR =0.004 fb) 2271 MB (ojf x BR= —0.560 fb) =1 SM + Signal (o x BR = 20.350 fb)
S (05 x BR=2.826 fb) 1 Signal (0 x BR=1.099 fb)

MM (ojfy x BR = = 0.000 fb) [ SM (0 x BR=19.252 fb)

SS (o x BR= —1.170 fb)

M, =600 GeV
mi, = 1300 GeV

10?

n
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3) Recombination

invariant mass distribution m,,

0) Background distribution (intrinsic background only: pp — hh)

1) Distributions from deconstructed elements (i.e. with couplings factorised away)
2) Weighting the distributions with the benchmark couplings and recombine!

3) Repeat for all deconstructed elements

M (om X BR =0.004 fb) 7773 MB (0jj5 X BR = —0.560 fb) =1 SM + Signal (o x BR = 20.432 fb)
S (05 x BR=2.826 fb) SB (oiff x BR=0082 ) [ Signal (0 x BR=1.181 fb)

MM (offly x BR = = 0.000 fb) [ SM (0 x BR=19.252 fb)

SS (o x BR= —1.170 fb)

M, =600 GeV
mi, = 1300 GeV

10?

n
KiE=-6.374e-01
10

Events (Lin = 300 fb~1)

-10

0 500 1000 1500 2000 2500 3000
Mpp (GeV)
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3) Recombination

invariant mass distribution m,,

0) Background distribution (intrinsic background only: pp — hh)
1) Distributions from deconstructed elements (i.e. with couplings factorised away)
2) Weighting the distributions with the benchmark couplings and recombine!
3) Repeat for all deconstructed elements
M (om x BR =0.004 fb) 7273 MB (oyjs x BR= —0.560 fb) IE=1 SM + Signal (0 x BR = 20.396 fb)
S (0s x BR =2.826 fb) SB (olff x BR =0.082 fb) [ signal (0 x BR=1.145 fb)
MM (0, X BR = = 0.000 fb) 3 M5 (gift x BR= —0.036 fb) —1 SM (0 BR=19.252 fb)
SS (0% x BR= —1.170 fb)
mz, =600 GeV
mi, =1300 GeV
102
7
£ e
8 10 Kppgi =-6.374e-01
mMm
1]
4
a o
S -1
>
w
-10
0 500 1000 1500 2000 2500 3000
Mpp (GeV)
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3) Recombination

invariant mass distribution m,,

0) Background distribution (intrinsic background only: pp — hh)
1) Distributions from deconstructed elements (i.e. with couplings factorised away)
2) Weighting the distributions with the benchmark couplings and recombine!
3) Repeat for all deconstructed elements
M (0w X BR = 0.004 fb) 271 MB (ojf x BR = —0.560 fb) =23 SM + Signal (o x BR = 23.946 fb)
S (0s x BR =2.826 fb) SB (offf x BR =0.082 fb) [ Signal (o x BR=4.695 fb)
MM (o}, x BR = = 0.000 fb) MS (0fft x BR = —0.036 fb) 1 SM (0'x BR=19.252 fb)
SS (o x BR= —1.170 fb) MSB (ojjts x BR = 3.550 fb)
10° m, = 600 GeV
mi, =1300 GeV
_ 102
-‘9 5 6.374e-01
Khhtt = - e
8 10
mMm
1]
<,
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w
-10

0 500 1000 1500 2000 2500 3000
Mpp (GeV)
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including

inde| Sey:wsc}smgitrisjation 3) Recombl nation

or cross-check

invariant mass distribution m,,

~0.560 1b) =1 SM + Signel (0 x BR=23.946 fo)

o821 T Signal (o X BR =4.695 o)

M+ Signal (ox BR=23.953 o)
0,036 fo) T3 SM (90X BR=19252 o)

o= Siorin=tsass

0-

300 fb~?)
Events (£i =300 fb!)
s

bon

Events (Lint

0 500 1000 1500 2000 2500 3000
Mpn (GeV) M (GeV)

500 1000 1500 2000 2500

With the same database we can
@ analyse the contribution of specific topologies to the total shape

@ use a semi-analytic approach to find parameters which maximise key features
=P excesses, deficits, threshold effects,. . .

@ find predictions for any other theoretical scenario with same particle content
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=3000 fb?)

Events (Lint

102

~10°

—10°

Adding resonances and all squarks
i.e. going full NMSSM

2 stops (one light) A 500 GeV scalar singlet A 800 GeV scalar doublet
2 sbottoms

(0w BR = 1866 fo)
(03 % BR=0,631 1)
(05 % BR=1.061 o)

(054  BR=0.030 fb)
rfs (0 x BR = ~ 11,623 b)

908 o) R = ~12398 o) L3 SM+ Signel (o bR =12.487 o] 7 S+ Signal (o BR = 11208 fb)
3530) sam) T3 Sional (0x BR = - 6765 o) 3 Signal (0 x BR = —5.034 o)
(o —ow7m 0703 1) 3 M (o 8R=19252 ) 3 SM(oxBR=10243 )

S (0% BR= 11911 R =247 ) 104

3000 fb1)
S

Events (Lot
|
S

) 500 1000 1500 2000 2500 3000
M [hh] (GeVic?)

o 500 1000 1500 2000 2500 3000
Min, (hh) (GeV/c?)

@ Stronger negative interference in the squark sector above the threshold
@ Stronger event depletion at low m,,
@ Singlet scalar nearly invisible (very small couplings to SM quarks)
@ Visible peak from the doublet resonance
But this analysis has further scope
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The EFT limit

gradually increasing
m; = 600 GeV,m;, = 1600 GeV

M (0 x BR = 0.002 b) MB (affs x BR = —0.500 fb) E==1 SM + Signal (0 x BR = 21.630 fb)
(05 x BR=1.384 fb) SB (ol xBR=0.723fb) [ Signal (0 x BR=2.379 fb)
MM (g, x BR = — 0.000 fb) S (olft x BR = —0.034 o) =1 SM (0 X BR=19.252 fb)
S (045 X BR = — 0704 fb) MSB (0ff%, X BR = 1.508 fb)
103 ‘mi, = 600 GeV
mz, = 1600 GeV
Kpnn = 2.194€-03
Knee =-2
102
o
1
Q
&
o
o 10
™
I
£
q
~ 1
0
2 0
o -1
>
fir]
-10

0 500 1000 1500 2000 2500 3000
M [h1h,] (GeV/c?)

Smooth exploration of the interface between low scale and EFT limit
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The EFT limit

gradually increasing

m; =700 GeV,m;, = 1600 GeV

M (0w x BR = 0.000 fb) i MB (0 x BR = —0.374 fb) =23 SM + Signal (0 x BR =20.597 fb)
S (0s X BR =0.602 fb) SB (ol x BR=0.465 fo) [ Signal (0 x BR =1.345 fb)

MM (aifl, x BR = —0.000 fb) MS (0t x BR = — 0,017 fb) T SM (0x BR=19.252 fb)

SS (ol x BR= —0.331 fb)

MSB (ofjts X BR = 1.000 fb)

103 mi, =700 GeV.
mi, = 1600 GeV

102

300 fb~1)

10

Events (Lint
o

-10

0 ) 500 1000 1500 2000 2500 3000
M [h1h3] (GeV/c?)

Smooth exploration of the interface between low scale and EFT limit
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The EFT limit

gradually increasing
m; = 800 GeV,m;, = 1600 GeV

M (0w x BR=0.000 fb) i MB (offf x BR= —0.377 fb) E==1 SM + Signal (0 x BR = 20.038 fb)
S (0s X BR=0.302 fb) SB (ol xBR=0282fb) [ Signal (0 x BR=0.787 fb)
MM (ol x BR = —0.000 fb) MS (Gt x BR = — 0,012 fo) T SM (0 X BR=19.252 fb)
SS (055 X BR = —0.178 fb) MSB (0}, X BR =0.769 fb)
103 ‘mi, = 800 GeV
mg, =1600 GeV
102
a
1
e}
=
8 10
M
I
£
2
@ 1
c 0
2 -1
1]
-10

0 ) 500 1000 1500 2000 2500 3000
M [h1h,] (GeV/c?)

Smooth exploration of the interface between low scale and EFT limit
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The EFT limit

gradually increasing

my = 1000 GeV, m;, = 1600 GeV

M (0 x BR=0.002 fb) 73 MB (ojjh x BR = — 0.588 fb) == SM + Signal (0 x BR = 19.623 fb)
S (05 x BR = 0.170 fb) SB (olff x BR= — 0,071 fb) [ Signal (0 x BR=0.371 fb)

MM (gl x BR = —0.000 fb MS (0fft x BR = — 0,011 flyy =1 SM (0 X BR=19.252 fb)

SS (055 xBR=—0.100fb) "} MSB (olft, x BR = 0.969 fb)

10% ‘mi, = 1000 GeV

10 Kpnii =-6.500e-01

300 fb~1)

Events (Lint
o

-10

0 500 1000 1500 2000 2500 3000
M [h1h3] (GeV/c?)

Smooth exploration of the interface between low scale and EFT limit
This approach contains and goes beyond EFT
It can be used to assess the validity range of EFT descriptions
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Reverse engineering

Given an experimental dataset, is it possible to fit the parameters?
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Reverse engineering

Given an experimental dataset, is it possible to fit the parameters?

A testing with our MC sets:
1) We generated a benchmark
2) "Blinded" the parameters and asked our ATLAS colleague to do the parametric fit

Luca Panizzi Deconstructing signals of new physics at colliders 14/16



A testing with our MC sets:

Reverse engineering

Given an experimental dataset, is it possible to fit the parameters?

1) We generated a benchmark
2) "Blinded" the parameters and asked our ATLAS colleague to do the parametric fit

Input parameters

First try

Fitted parameters

mg, =600 GeV
mi, = 1400 GeV
Knhh = 1.208e-01
Knet = -3.309e-02

Kpi = 5.965
K}%=9.598
Kif=7.825
Kiri = -6.874e-01
Kipi = -6.437e-01

mg, =600 GeV
mg, = 1300 GeV
Kphh = 8.430e-02
Kptt =-5.972e-02

KrE=-1.203
Kr%=10.000
K% =3.022

Kz =1.369
kP2 =5.366

Luca Panizzi

Caveats:
@ Only couplings were fitted,
stop masses were assumed

@ MSSM relations between
couplings were assumed, but
the point was random
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A testing with our MC sets:

Reverse engineering

Given an experimental dataset, is it possible to fit the parameters?

1) We generated a benchmark
2) "Blinded" the parameters and asked our ATLAS colleague to do the parametric fit

Input parameters

First try

Fitted parameters

mg, =600 GeV
mi, = 1400 GeV
Knhh = 1.208e-01
Knet = -3.309e-02

Kpi = 5.965
K}%=9.598
Kif=7.825
Kiri = -6.874e-01
Kipi = -6.437e-01

mg, =600 GeV
mg, = 1300 GeV
Kphh = 8.430e-02
Kptt =-5.972e-02

KrE=-1.203
Kr%=10.000
K% =3.022

Kz =1.369
kP2 =5.366

But how wrong is this fit?

Luca Panizzi

Caveats:
@ Only couplings were fitted,
stop masses were assumed

@ MSSM relations between
couplings were assumed, but
the point was random
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A testing with our MC sets:

1)

We generated a benchmark

Reverse engineering

Given an experimental dataset, is it possible to fit the parameters?

2) "Blinded" the parameters and asked our ATLAS colleague to do the parametric fit

3000 fb~1)

Events (Lint

~102

~10°

~10¢

First try

Original benchmark

Fitted benchmark

ference

W (0w BR = 4.605 ) 17,650 ) E3 SM+ Sanal (o BR = 12286 10 WouxBR=2269 1) L WG (o BR= ~15752 1) L1 M+ Snal (ox BR= 1267 )
5 (05 X BR = 3.089 fb) —3044f) [ Signal (X BR = - 6.966 fb) S (o3 x BR=1.567 o) xBR=5184f) [ Signal (0x BR= ~6.384 o)
MM (0 X BR= 0390 o) - s (ol x BR = — 2821 o) T SM (X BR=19.252 o) MM (0l x BR = 0,465 o) ~343210) T SM(0XBR=192521b)
S50 XBR=0.197 ) - s (o B~ 2990 ) 55 o xR 1308 1) an-2936 )

10*
10°
98 =~ 107
p
o
77777 s e,
g
]
““‘"L-i
I
2 -10
2
g
& -100
-10° . "
; ; main dif
—10
3 560 1000 1500 2000 2500 3000 500 1000 1500 2000 2500 3000
M [hihy] (GeVic?) M hih;) (GeVic?)
Different parameter sets lead to very similar distributions
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Reverse engineering

Given an experimental dataset, is it possible to fit the parameters?

A testing with our MC sets:
1) We generated a benchmark
2) "Blinded" the parameters and asked our ATLAS colleague to do the parametric fit

Second try

Orlglnal benchmark Fltted benchmark

W (o R 4420 ) = 16125 )2 W+ Sonal (0% BR= 10976 ) o B =A5T0 5 M o x8h ~ 16366 ] SH- S (x5 10567 )
5 (0s X BR=3.007 fb) 0994t 3 Signal (oxBR = ~8.275 fb) S (05X BR=1914 ). xBR=1921f) [ Signal (0 BR = ~8.284 o)
MM (0, x BR = — 0211 tb) 5 (ol x B = — 0833 fo) 1 SM (0 X BR=10252 7o) MM (ol x BR = 0181 tb) xBR=—1554f0) 3 SM(oxBR= v
55 0% XBR= ~1518 ) £ b (o x BR=1977 ) SStogxsR= -02ism) oy
102
o 10 a8
3
S 8
" &
H [}
[ "
g <
2 2
€ I~
g -10 14
2 2
& &
-10? -10?
—10% -10% i
o 500 1000 1500 2000 2500 3000 o 500 1000 1500 2000 2500 3000

M [hyhy] (GeV/c?) M [h1h,] (GeV/c?)
perfect fit with very close numerical values of relevant parameters!
Relative contributions are different but fitted result is indistinguishable from original
Classes of solutions can fit possible excesses
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The technical part

Deconstructing di-Higgs with coloured and neutral scalars

Database grids

Coloured scalars masses (GeV): 600, 800, 1000, 1200, 1400
2000 (EFT limit)
700, 1300 — points for validating interpolation
Neutral scalars masses (GeV): 300, 500, 800, 1200, 1300
100 (below mg), 250 (2my), 350 (2m;) — the thresholds
2000 (EFT limit)
Neutral scalars I'/M ratios: 0.001, 0.01 both NWA, but different to quantify interference effects

Around 33k simulations with 100k MC events each

Database size

LHE samples (parton level): around 4.4 TB
LHE samples (reconstructed objets): around 3.5 TB
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The di-Higgs case study

@ Low-energy resonant peaks vs threshold effects can be very relevant

— interplay between interferences and width effects
— NMSSM as a playground to explore different regimes and combinations

@ Characterise a signal can be challenging
— Difficult even at HL-LHC at differential level unless NP is light

But it is possible to treat NP contributions in a general way!
modular, collaborative, flexible and resource-friendly

Comprehensive description of NP effects while

Complete description of and

Smooth connection with (going beyond EFT actually)
Limited on grids but

© 60606 000

of experimental results }—> Work in progress
Requires for extending the framework

The deconstruction approach as been applied also in:

A. Carvalho, S. Moretti, D. O'Brien, LP and H. Prager,

A. Deandrea, T. Flacke, B. Fuks, LP and H. S. Shao,

A. Banerjee, E. Bergeaas Kuutmann, V. Ellajosyula, R. Enberg, G. Ferretti and LP,
C. Arina, B. Fuks, LP, et al.

S. Moretti, LP and L. Shang,
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