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The Muon Collider-1:

s Study of a new accelerator facility;
s C.M. energies up to =10 TeV;
s Allow to study in detail, among other particle, the

Higgs Boson and its potential:

Viiggs = —3mb - h? + Az - h3 + Ay - h* + 0(h*)

I“ _'____,__.a-'— ’I e
h & F ) l’
£ ’
W2, 7 W< h b
é - £ '». - < -
" ) W
AY .ﬁ-\ . <l h\
ii;_,,—-"""ff _\_\__\_\_ _\_*_‘-\__‘__‘—\—\__‘_ ’/ = i i '_’ —

Three Higgs and Four Higgs events
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The Muon Collider - 2 : Magnetic coil 3.57 F
Muon detector - -3

¢ We need to study the performance of the

Pre-shower detector -

. . Vertexand - = = = = - e
maChlne, tracking detector I~ = =
|
¢ Several kind of simulations has been done: S

* Detectors
Detector scheme

e Background

* Muon cooling

* Data

Interaction region'simulation
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Aim of this work: Signal or background?
% Studying the A3 parameter from u*u~ — h* - hh
events;
** We need to distinguish signal from background
events like utu~ > Z* - Zhorutuy= - 72* - 7Z;

¢ Done with Machine Learning algorithm;

< Older g ~ 40%*

signal fraction

*From Laura Bonincontri thesis
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Tools:
+¢ 10000 signal-like and background-like events simulated;

** Machine learning algorithm.

My work:

+»» Studying the best observables to use to train the M.L.;

s Analyzing the results.
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Event requirement:
** Number of jets > 4;

“ p,>10 GeV for each jet;

o Ar = \/A<p2 + An? = 0.5, for each couple of jets;

Event reconstruction:
+*» ldentifying the four jets that minimize:
_ 2 2.
A= (my—mpy;g45)° + (Mz—Mpy;g45)°;
s Assigning index «1» to the heavier particle and «2» to the other;
+* Same analysis has been performed for both signal and background;

¢ In the following plots signal is in blue, background in red.
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Observables - 1:

% Invariant mass: m = /E? — p?;
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Observables - 2:
+* Transversal momentum;

Transversal Momentum - 1
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¢ Angle between Higgs bosons and maximum angle between jets.
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Observa

Observables - 3:

s Angle between b-jet and Higgs boson ;

Theta angle - 1 Theta angle - 2

200 theta_h_1 theta_h_2

- Entries 1529 E Entries 1529
180 Mean 0.9658 200( Mean 1.018

| Std Dev  0.8399 H Std Dev  0.8698
1605 180
140 1605

= 1400
120F =

O 1204
100— E

C 100

80— E

E 80—

SU; =

40 40

20/ Py =

o L e L ob e L L )

0 05 1 .5 . 3 0 0.5 1 1.5 2 . 3

Theta angle 1 [rad] Theta angle 2 [rad]
Higgs «1»
Theta angle - 3 Theta angle - 4

140— theta h 3 theta h 4

L Entries 1529 . Entries 1529

N Mean 1.293 140 Mean 1.393
1207 StdDev 09178 Std Dev 0.9183

100

80

6

o

4

(=]

2

o

=]

o

Higgs «2»

.5 3
Theta angle 3 [rad]

120

100

80

60

40

20

=)

L
0 0

5] 3
Theta angle 4 [rad]




UNIVERSITA

DEGLI STUDI O bse rVa

1 PADOvVA

Observables - 4:
¢ Helicity angle between b-jet and Higgs boson ;

helicity angle - 1 helicity angle - 2
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Observables - 5:
** Angle between b-jet and z-axis in Higgs boson rest frame ;
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Observables - 6:
¢ Higgs angle* = angle between Higgs’ and z-axis in Higgs boson* rest frame ;

Higgs-1 Theta angle - H* rest frame Higgs-2 Theta angle - H* rest frame
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¢ Helicity angle between Higgs’ and Higgs*.
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Studying the correlation:

¢ To avoid overtraining we must exclude strongly correlated variables.

Correlation Matrix (signal)

Linear correlation coefficients in %
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Correlation Matrix (signal)

Linear correlation coefficients in %

Observables chosen:

. . helicity_higgs_2
** Invariant mass 1 and 2; helity_tiggs_1
helicity_4
helicity_3
+** Transversal momentum 2; ety 2
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. . theta_h3_star_t
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¢ Both Higgs angle*; teta .
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¢ Maximum angle between

jets.
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Algorithm:
¢ Sevaral kinds of ML algorithm;
** We look the ROC curve to chose.

Background rejection versus Signal efficiency
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Overtraining check

TMVA overtraining check for classifier: BDT
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Histos from the BDT - 1:

Signal Background
h_bdt_sig h_bdt_bkg
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Response = Output of BDT
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Total acquisition

Data Analysis

Histos from the BDT - 2:

teoF Ei:_bd?gégzg % Weight sum of the previous
:E histograms;
:zz;: e weight=L-0"¢;
Bﬂi— +* Should reproduce what we actually
jjf: get from the experiment.
Y30z a7 0 CER Y nespunIS%S
Event L o & Counts
Signal 1300 fb~1 0,28 fb 15,10% 55
Background 1300 fb~1 6,00 fb 8,05% 628
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B-tagging:
s Algorithm that identify b-jet in the detector;
¢ Justify the background we consider;

¢ It has an efficiency that depends on transversal

b-tagging efficiency

momentum;

¢ The probability to detect an event is

Data Analysis
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p=[1-(1—-¢) - (1—-&)]-[1-(1—e3)-(1—¢4)],

with ¢; the «b-tag efficiency» of the i-jet.
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Total acquisition
Final Analysis: h_bdl_tot
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