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@FN Higgs physics at a muon collider

H.A. Ali et al., 2022 Rep. Prog. Phys. 85 084201

N @ Lepton collisions at multi-TeV center-of-mass energies
10°F provide an ideal tool for studying the properties of the
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INEM The experimental environment

— @ Interactions of the decay products of the
muons in the beams with the machine
elements produce intense fluxes of
background particles in the detector:

» very high hit multiplicity in the
tracking system;

detector

N. Bartosik et al., arXiv:2203.07964 Ys=1.5TeV Vs=1.5TeV
g f — neutrons g f . i i
- s i a—— [— neurons » uniform diffuse background
E g : — photons E Si i — photons H 1
£ f Smulation S [ Simuiaton s in the calorimeters.
o — electrons @ r i — electrons
107 e S

L R T i o @® Mitigation measures and specialized
- - : reconstruction algorithms are required.

2 R[S e o e Such pecgliar experimental conc}itions make
extrapolating from current experience with

o machine backgrounds very difficult

Amival time [ns]
=>» studies with detailed detector simulation
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w D. Lucchesi, “Machine-Detector interface for multi-TeV Muon

Collider” in Session T13 - Accelerators for HEP.
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https://iopscience.iop.org/article/10.1088/1748-0221/16/11/P11009
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INFN

hadronic calorimeter

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

» 30x30 mm?® cell size;
L 4 7.5 Al.

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

# 5x5 mm? cell granularity;
® 22Xp+ 1A,

muon detectors

¥ T7-barrel, 6-endcap RPC
layers interleaved in the
magnet’s iron yoke;

¥ 30x30 mm? cell size.

W L. Sestini, “R&D towards the detector for the Muon Collider” in Session T12 - Detector R&D and Data Handling.
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The detector model

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 gm x 1 mm macro-
pixel Si sensors.

¢ Outer Tracker:
* 3barrel layers and
4+4 endcap disks;
* 50 um x 10 mm micro-
strip Si sensars.

shielding nozzles

superconducting solenoid (3.57T)

» Tungsten cones + borated
polyethylene cladding.

The detector model for
3-TeV studies is based
on CLIC’s detector
concept + the MDI and
vertex detector designed
by the US Muon
Accelerator Program.
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simulation to assess the physical reach of a 3 TeV muon

single muon sample . . . . . .
" 1 collider with 1 interaction point and a cumulative dataset

S rr————— ] @ To ensure optimal performance in the presence of machine-

g T #h 1 R induced background (BIB), it is necessary to revise and fine-

5 %o P H +.[...l. - tune the reconstruction algorithms for all physical objects.

g - Tuon Collider . @ The initial focus was on tracks, muons, photons, and jets

g 0'43 15 Tov overlay ] =>» first physics studies carried out using a detailed detector
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N Rl S_:;VLlab @® Semileptonic final state: H -» WW* — qg'uv,.
80:— £ NoHbackgrond @ Event selection:
mi_ > at least two reconstructed jets (k; algorithm
r with R = 0.5) and one muon:
“":_ * quality cuts on jets to remove fakes from bkg;
o - jets with pr > 20 GeV and |n| < 2.5;
« muon with p; > 10 GeV and 10°< 0, < 170°;

» cut on the score of two BDTs, trained to

WHIZARD2 + PYTHIAG distinguish signal from backgrounds with

Process <[] o /5] Nowy and without a Higgs boson.
pre — H(—» WW* = gquv)X | 14.1£0.8 173 2430+ 150
W — qquv 0.05+0.03 5.02-10° 2600+ 1300 AOysww S+B
(e — gqll <0.01 104103 < 100 e ~ =29%
Lyt — qqvy <001 156-10° <100 H=>ww S
wru~ — H— WW* - gqqq < 0.01 108 <10
#_'_’u_ N H R bb < 005 313 < 150 H. Abramowicz et al., Eur. Phys. J. C 77, 475 (2017)
prum - Horr <0.01 34.3 <4 CLIC at 3 TeV with 2 ab™ (93'dq' + 9q'tv¢): 0.7%
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https://link.springer.com/article/10.1140/epjc/s10052-017-4968-5
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@ Semileptonic final state: H - ZZ* — qqu*w.

. . _ Preliminary Vs=3TeV,L=1ab? s_——
® Event selection: 5 300" 1 P
» at least two reconstructed jets (k, algorithm @ 2500 e
with R = 0.5) and two opposite-charge muons: g o0k
* quality cuts on jets to remove fakes from bkg; -
- jets with p; > 15 GeV and 30° < 6, < 150°; -t
e muon with p; > 10 GeV and 10° < 0, < 170° 100
« isolated muon: AR (j,u) = VA +A ¢’ > 0.5; 50:':
» cut on the score of a BDT, trained to
distinguish signal from the dominant 95 04 03 02 0.1 0 01 02 03 04 05
background.
WHIZARD?2 + PYTHIA8
AOO-H"ZZ —_ VS+B = 17% Process €| %] o [fb]  Nexp
H=2Z S W = H(— ZZHX — gqutp X | 15.9+£0.6 0345 55+2
ptu™ — gqqutu~X 0.69+0.08 5.667 39+5

H. Abramowicz et al., Eur. Phys. J. C 77, 475 (2017)

CLIC at 3 TeV with 2 ab™ (qqtf): 3.9%
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H — bb

Preliminary Vs=3TeV,L=1ab*
N E T T T T ) ™
(\s 3500 E_ Muon Collider —§ pseudo-data _E
[} - Simulation — fit tota_l 3
2 3000 E_ Vs=3 TeV —H—=Dbb —E
= 2500 ;_ -background _;
é 2000 E p, () >40 GeV/c 3
0 E @)l <25 :
m 1500 E
1000 £ 3
500 - =
0 C - L P e m

0 50 100 150 200

WHIZARD2 + PYTHIA8

dijet invariant mass [GeV/c]

Process

€[] o [fb] Nexp

prp” — H(— bb)X

19.3+£04 308 59500 + 1200

WH —q4X.q=b,c

11.2+0.3 584 65400 = 1800
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@® Event selection:

» two reconstructed jets (k; algorithm with
R = 0.5) satisfying:
* quality cuts to remove fake jets from bkg;

« pr> 40 GeV and |n| < 2.5;
e b-flavour tagged.

@ Sensitivity estimated with a toy MC study built
from signal and background’s di-jet invariant
mass distributions.

A Oy 55

UH»bE

~ 0.75%

H. Abramowicz et al., Eur. Phys. J. C 77, 475 (2017)

CLIC at 3 TeV with 2 ab™: 0.3%
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Preliminary Vs=3TeV,1ab’
@ Event selection: " Muon Collider B o 5, o
SO0 simuiation e S

I W IW b, Wioptv (V)
TTE T TR TAT)
TR TR N

» two opposite-charge reconstructed muons:
e pr>5GeVand 10°< 0, < 170¢;
* pri+prz > 50 GeV; 30
* pr(uw) > 30 GeV and 105 < my, < 145 GeV;

Events / GeV

40

IIII|IIII|IIII|IIII|III

20
» cut on two BDTs trained to separate the signal "
from the two dominant backgrounds.
05 110 115 120 125 130 135 140 14
@ Sensitivity estimated with a toy MC study built 00 IO TIS 120 125 150 1 e
from the di-muon invariant mass distributions
for signal and background. MadGraph8 + PYTHIAS
Process €[ %] o [fP] Nexp
A O 544 P~ — H(— u u”)vv, 2212+ 029 0109 242
Ts — ~ 38% prum — H(— o) ptus 1631026 0010 1.6
e prp — ut v, 574+0.05  11.09 636.5
H. Abramowicz et al., Eur. Phys. J. C 77, 475 (2017) ;ﬂ',u' — ,u+y_,u+y' 0.160 +£0.003 29740 476.4
CLIC at 3 TeV with 2 ab”: 25% ptuT — i — WWobb, W — pv,(v,) | 0.34+£0.06 032 1.1
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035Preliminary Vs=3TeV,L=1ab* N
£ T @ Event selection:
g 03;. - l‘llA\'\"n:'ﬂ
v F o » at least two reconstructed photons:
2 025f- BE—TY
£ F e E>15 GeV, pr> 10 GeV and 10°< 0, < 170¢;
o 0.2
- * pr > 40 GeV for the most energetic photon;
0.15—
: * my, > 40 GeV,
0.1
- m | . .
- | » cut on a BDT trained to separate the signal
0.05—
- - - from the mixture of backgrounds.
C T el |
. —(;A —CI‘.S -0.2 -0.1 0 0.1 0.2
BDT response
MadGraph5 + PYTHIAS Aoys,, S+B o
. roi ~ =89%
Process €[%] o [fb] Nexp H-yy
uum - H(—yy)X | 50.89 091 460
HHT = vuVayy 1.10 8198 901
s — Hlyy 0.61 441 31
‘u+‘u_ — l+l_’y 017 15901 302 H. Abramowicz et al., Eur. Phys. J. C 77, 475 (2017)
wrp = yy 0.00  60.15 0 CLIC at 3 TeV with 2 ab™: 10%
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X HH — bbbb

@ All hadronic final state: HH — bbbb. ~ aspproAmInAY STITLTIE
S B —&— Data
= HP P B mm HH
® Event selection: § ol = Bkg
> at least four reconstructed jets (k; algorithm - *

with R = 0.5):
* jets with pr > 20 GeV;

* H candidates built pairing jets that minimize

\/(mii_mH)z"'(mkl_mH)z;

* b-tagging is requires for at least one jet per pair.

® ANN trained to separate signal from backgrounds.

0.5 06 0.7 08 0.9 1
ANN

@ Sensitivity estimated with a toy MC study built
from signal and bkg distributions of the ANN output. . . s
A O spii Process €[ %] o [fb] Nexp
g ~33% p*u~ — HHvv — bbbbvy | 27.50£0.45 028 77
HH=>bbbb LT — H(— bb)qngnvy | 2472+ 043 2.8 698
H. Abramowicz et al., Eur. Phys. J. C 77, 475 (2017) ,uﬂu’ — (1"']’,43}'_]1q‘h_qrh_lf"l7 17.70 £ 0.38 4.1 724

CLIC at 3 TeV with 2 ab™' (bbbb + bbqag'aq"): 29%
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INEM Towards a determination of the H couplings

® The physical observables o4 x BR depend on the Higgs boson
couplings to the standard model bosons and fermions (and the
Higgs total width I'yy), which can be determined with a global fit:

» a study is currently underway to evaluate the sensitivity on I'y at
a 3 TeV muon collider;

» once all the most significant Higgs decay modes are available, a
global fit to the cross sections can be performed to estimate the

Vu sensitivity on Higgs couplings at a 3 TeV muon collider.
M uth_:""—-f"____-L_'__ _ P
r’; h . ® The double Higgs boson production is sensitive to the trilinear self
% ?f h ; coupling A, through the tree-level process H* — HH:
A /3
- g N
4 \\ HWW A » a preliminary estimate yielded A;L3 ~ 20%;
“ “ B, S » 3 L. Sestini et al., PoS (ICHEP2022) 515
u;“‘-——u » an update is underway with an improved background modeling.
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https://pos.sissa.it/414/515/

@ The sensitivity to oy x BR of a 3 TeV muon collider with a dataset of 1 ab™ has
been studied using a detailed detector simulation for the major Higgs boson
decay modes:

» the study shows that the effects of the beam-induced background can be
minimized to a degree where the reconstruction performance of physical
objects is not compromised;

» the results are promising and competitive, even though the background
mitigation measures, the detector, and the reconstruction algorithms have
not been fully optimized, and the analysis strategies used are relatively simple.

® There is ample room for improvement in terms of detector design, physical
object reconstruction optimization, as well as more sophisticated analysis
techniques and the inclusion of additional Higgs channels.
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