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Higgs at Future Colliders

Results performed so far on Higgs couplings to SM particles are in agreement with the SM
predictions.

WHLC WAL W HLHELRC *CLIC: W FLACE] 101
H o

102

6ailgil%]
6garce

102

Oy O Oy Oy Ot OF O O O Oy O0rz Ok, Az

@ One of the goal of future colliders is the measurement of Higgs couplings with SM particles
with precision below the 1% precision scale.

@ This would allow to reveal possible deviations from the SM.

o Recent theoretical studies for Muon Collider shows competitive results: X. Wang's talk later
and arXiv:2103.14043.
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https://aprilmeeting2021.onlineeventpro.freeman.com/sessions/19770582/subsession/25663665/Electroweak-Couplings-of-the-Higgs-Boson-at-a-Multi-TeV-Muon-Collider
https://arxiv.org/pdf/2103.14043.pdf

Higgs potential

After the electroweak symmetry breaking:

2
V= 1m2h® + Nsvh® + 24 h AM = 2M = T4

my = 125.10 4+ 0.14 GeV; A3 and A4 never been measured so far.

CLIC with 5 ab™! at /s = 3 TeV can measure A3 with an uncertainty of -7% and +11%
using HH events (Eur. Phys. J. C 80, 1010 (2020) ).

108 W @ Muon collider is the ideal machine to study

10? J— —o— Higgs physics: high yields of single H, HH
lotr # and HHH events are produced.
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@ Theoretical studies: sensitivity of MC at 10
ab~! and 1/s=10 TeV to the measurement
of A3: 5.6% (see X. Wang's talk later).

105 @ In this presentation: evaluation of t_he_

109]_° o o sensitivity on utu~ — HHv — bbbbuvi

1 5 10 5 100 cross section and on A3 including detector

Vs [TeV] effects
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https://epjc.epj.org/articles/epjc/abs/2020/11/10052_2020_Article_8567/10052_2020_Article_8567.html
https://aprilmeeting2021.onlineeventpro.freeman.com/sessions/19770582/subsession/25663665/Electroweak-Couplings-of-the-Higgs-Boson-at-a-Multi-TeV-Muon-Collider

Detector challenges

o Full simulation at 1.5 TeV to evaluate effects of the
Beam-Induced Background (BIB) on the detector

components and to devise strategies for BIB

reduction showed: see C. Curatolo’ s talk, L. Sestini’

s and M. Casarsa’s (later) and H. Weber's
(tomorrow) talks.

o Detector used for the full simulation: see S. Pagan

Griso’s (tomorrow) and N. Bartosik's talks.

hadronic calorimeter

+ 60 layers of 19-mm steel
absorber + plastic
scintillating tiles;

¥ 30x30 mm?® cell size;
> 75N

¥ 40 layers of 1.9-mm W
absorber + silicon pad
sensors;

+ 5x5 mm? cell granularity;
> 22X+ 1N

muon detectors

+ 7-barrel, 6-endcap RPC
layers interleaved in the
magnet's iron yoke;

» 30x30 mm? cell size.
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tracking system

# Vertex Detector:
+ double-sensor layers
(4 barrel cylinders and
4+4 endcap disks);
* 25x25 pm? pixel Si
sensors.
# Inner Tracker:
+ 3 barrel layers and
7+7 endcap disks;
+ 50 pm x 1 mm macro-
pixel Si sensors.
# Outer Tracker:
+ 3 barrel layers and
4+4 endcap disks;
+ 50 pm x 10 mm micro-
strip Si sensors.

shielding nozzles

+ Tungsten cones + borated
polyethylene cladding.

superconducting solenoid (3.57T)
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https://aprilmeeting2021.onlineeventpro.freeman.com/sessions/19770551/subsession/25663486/Jet-Reconstruction-performance-at-Muon-Collider-with-Beam-induced-Background
https://aprilmeeting2021.onlineeventpro.freeman.com/sessions/19770582/subsession/25663666/Track-Reconstruction-at-a-Muon-Collider-in-the-Presence-of-Beam-induced-Background
https://aprilmeeting2021.onlineeventpro.freeman.com/sessions/19770640/subsession/25664021/Studies-of-Tracker-Timing-and-Granularity-for-the-Muon-Collider-Environment 
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https://aprilmeeting2021.onlineeventpro.freeman.com/sessions/19770551/subsession/25663484/Physics-Object-reconstruction-optimization-at-Muon-Collider-within-the-ILCSoftware

pwtp~ — HHv — bbbbui: some considerations

o |ILCSoftware framework is used for the full simulation and reconstruction.
o Signal and backgrounds at 1/s=3 TeV generated with WHIZARD

Signal Cross section [fb]
utpu~ — HHup 0.8
Physics background | Cross section [fb]
utu— — bbbbui 33
wtp~ — bbHUD 1.7
(signal included)

The simulation is performed without the BIB, but

b-tagging efficiency in presence of the BIB of the order of ~ 60% with a mis-tag ~ 1% at
1.5 TeV are used to weight events (see 2020 JINST 15 P05001 ).

@ One jet for each pair is required to be tagged: processes with jets in the final states different
from the b quark are negligible (to be verified).

o Reconstruction performed under conservative assumption (jet reconstruction with BIB still
under optimization).
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https://iopscience.iop.org/article/10.1088/1748-0221/15/05/P05001

Studies of double Higgs

o Event selection: Njets>3 and minimum transverse momentum pr > 20 GeV

o Jets paired by minimizing the figure of merit: M = \/(m,j —mp)2 + (my — my)?

@ Selection of the kinematic variables used to distinguish the signal o
(wtp~ — HHvp — bbbbri) and the physics background (utpu™ — bbbbui): my,,mu,,
Z Ejets, max jet Pt for each pair, A0max.
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HH cross section measurement

o Classification of signal and background events by using a Machine Learning technique
(Boosted Decision Tree)

o With 1.3 ab™! (4 years of data taking) at 3 TeV we expect to select 65 HH events and 561
background events.

o With a simple fit to the BDT an uncertainty of ~ 30% on the cross section has been
obtained.
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Toward trilinear coupling measurement

@ Generation with WHIZARD and simulation of HH events just with the process mediated by
the trilinear coupling

o By comparing HH from trilinear vs total HH it is possible to see differences in angular
observables.
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¢ —— HH trlinear only
HH trilinear only < 0.12

r — HH
— HH 01—

0.08

0.06

0.04

; L L L L l L
0 0.5 1 1.5 2 25 3 35 Q50 05 1 1 T2 25 3 35 4
ABy1 1o 8, [rad]

Angle between H; and H, Angle between selected jets and z axis

Laura Buonincontri (University of Padova and INFN) APS April Meeting



Toward trilinear coupling measurement

o Idea: train a Multi Layer Perceptron (MLP) discriminator for the separation of HH-trilinear
and background putu~ — bbbbup.

@ Preliminary results of the application of the MLP to signal and background samples (fig. left)

o Set of utp~ — HHv — bbbbu samples generated with WHIZARD Monte Carlo for

different K = s2-=(0.4, 0.6, 0.8, 1.0, 1.2, 1.4, 1.6)
SM

o Next steps: compare the number of selected events with a MLP cut with the SM expectation
at different couplings.

o A x2 technique could be employed to determine the A3 confidence interval for the

measurement.
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Conclusions and plans

@ With conservative assumptions we can already obtain good results on the uncertainty of the
double Higgs cross section (~ 30% at 1.3 ab—! and /5 = 3 TeV);

@ but we aim at /s = 10 TeV!

@ Improvement expected with the new algorithms on jet reconstruction and b jets
identification;

@ add other final states to improve statistics;

o first look at the trilinear coupling sensitivity seems encouraging for the determination.
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Additional variables for the uncertainty on the HH cross section analysis
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Variables for the uncertainty on the trilinear coupling analysis

Invariant mass of the leading Higgs Invariant mass of the sub-leading Higgs
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Variables for the uncertainty on the trilinear coupling analysis (I1)

Angle between the two Higgs

= 0.07 T T |

<. 0.06 |— — HH — bbbbvv (trilinear) —|

0.05 — — bbbbvv E

0.04] 1

0.03f ]

0.02f ]

0.01- E

E L L |

0 0 1 2 3 4

AdDy y, [rad]

Helicity angle between the outcoming jets wrt H1 Helicity angle between the outcoming jets wrt H2
c 01 0.1 3
:2 E T 7 T - T D E T T 3
< 0.09 :* — HH - bbbbvv (trilinear) < 0.09 :* — HH - bbbbvv (trilinear) *:
0081 ypbby 0.08L" — penvw El
0.07F 0.07F E
0.06 F 0.06 F 1
0.05F 0.05F E
0.04 0.04 -
0.03 0.03 E
0.02[ 0.02[ E
0.011 0.011 1
E E . E|
0 0 O0 0.5 1 1.5

0,,, [rad]

Laura Buonincontri (University of Padova and INFN) APS April Meeting 2021 April 17, 2021



Variables for the uncertainty on the trilinear coupling analysis (I11)
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Cross section HH different couplings

HH Cross Section VS Coupling

®* Muon Collider 3 TeV
e CLIC 3 TeV

Cross Section [fb]
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