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Origin of Axion-like particles

Strong CP problem
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e Strong CP problem

e Observed baryon asymmetry

Motivations

e Anomalous magnetic moments of # and e

e Dark matter




LFV ALPs effective Lagrangian
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Assumed chiral structures
© VHAL Cuuei(1+75)
o V-A: Cre(1—75)

e V/A: {?fifj =0 or {?fifj =0

T —+ € T—ja 100 eV < m, < 1 MeV

Cre Cru



LFV ALPs effective Lagrangian
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Signal process
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Muon colliders
motivations

e More efficient

e Muon colliders can be circular

e No ambiguity about energies of colliding particles
e Much cleaner environment

operating stages

Higgs Top-High Luminosity Multi-TeV
1500 3000 6000
1.25 4.4 12

Center-of-mass energy [GeV] 126 350
Average luminosity [103cm™2s71]  0.008 0.6



Signal process
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SM backgrounds

Signal signature:  y~put =7t T > e/u+ F

Tt T = e/u+ v
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SM backgrounds

Signal signature:  y~put =7t T > e/u+ F

Tt T = e/u+ v

Only suppressed by polarization-induced effects

W-WH, W —e/u+v
tt
hz
A
Zy
49

e~et /T



Event generation

Lagrangian
- | TauDecay
eynrules package
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MadGraph5 aMC@NLO
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Lagrangian
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Event generation

Center-of-mass energy
A

— ——
126 GeV 350 GeV 1500 GeV

Muon beam polarization
A

AT T
Unpolarized Polarized
+0.8/-0.8
ALP LFV coupling
ﬁ
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Chiral structure
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FastJet 3.3.2 (Valencia jet algorithm)

R=12 B=1

«

Tau-tagging

ALP mass
ﬁ
100eV ... 1 MeV
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Event selection
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Event selection

2 relative charge sign criterion

~a 3
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Event selection

at most 1 photon with E

e/t

LFV
T

35 50 70
4 pr > 10 GeV

relative charge sign criterion
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Event selection

signal T WW tt Z7 hZ Zy qq _ ee/p

3 1 02067 0.1219 0.05I8 0.0022 0.0065 0.0070 0.0009 0.0001 0.0731
So 2 08164 05255 0.3987 0.4679 0.0000 0.2244 0.0563 0.0654 0
S 3 009998 0.9998  0.9998 0.9039 0.8030 0.8860 0.9833 0.8011 0
=5 40 0998 0.9980 0.9980 0.9991 0.9861 0.9966 0.0847 0.9975 0
—  total 0.1686 0.0639 0.0206 0.0009 0.0005 0.0014 4.0e-06 6.4e-06 0
1 02011 0.1131 0.0477 0.0021 0.0065 0.0068 0.0009 9.2e-5 0.0726

To 2 08818 05413 04518 04656 0.1104 02334 0.0573  0.0672 0
=3 09999 0.9997 09997 0.8033 0.7620 0.8943 0.9841 0.7501 0
S &4 09987 0.0982 09987 0.9991 0.9956 0.9978 0.0968 0.9974 0
total 0.1771  0.0611 0.0215 0.0009 0.0005 0.0014 4.8¢-06 4.6e-06 0

3 I 0.1985 0.1178 0.0467 0.0021 0.0083 0.0066 0.0010 9.5e-5  0.0002
So 2 08001 05625 04441 04877 0.0771 0.2399 0.0499 0.0840 0
S 3 09998 09998 09998 09049 08271 0.8396 09844 08021 0
=& 4 09987 09980 09983 0.9991 0.9805 0.9966 0.0794 0.9974 0
—  total 0.1764 0.0661 0.0207 0.0009 0.0005 0.0014 4.0e-06 6.4e-06 0
1 0.1952 0.1095 0.0439 0.0021 0.0083 0.0066 0.0010 6.0e-5  0.0003

To 2 00401 05812 04945 04737 0.0884 0.2490 0.0548 0.1026 0
=3 00008 09998 09997 0.8937 0.7719 0.8934 0.9828 0.7506 0
S &4 009988 09981 09987 0.9991 0.9957 0.9995 0.0866 0.9974 0
total 0.1833  0.0635 0.0217 0.0009 0.0006 0.0015 4.7e-06 4.6e-06 0
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Polarization-induced effects

In the tau rest frame:
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Polarization-induced effects Signal: pu pum =171, T e/ut+a

SMBG: pu put—7rrH = e/p+ v

BG| T —e/pu+vv

In the tau rest frame:

o [ T = (T
d=T _ o
T = Ty,

~ T [(3 = 20p) &+ Po (200 — 1) cos §] 22
dxy dcosé [ r¢) & Pr (220 — 1) cos 6] a7

= 1.3¢ : | _
c Y S — [=7oTV,v] .
i | Bk =dRANE —_—
0.9 e e | | E g
i S - —
0.7 Emes ..................
Y —
cE . . I .
02 -0.5




Polarization-induced effects Signal: pu pum =171, T e/ut+a

SMBG: p pu"m =7 1Hh T —=e/p+vv

BG| T —e/pu+vv

In the tau rest frame:

o [ TT =T
d-T _ o
T = T v

~ T (3 —2xp) £ Pr(22¢ — 1) cosb] a2

daydcosé

N
acl 7N Tt

N

LEEEN

9 Signal angular distribution
ar] 7t BEBSREEREGY: ] jazuzzezaanzanie

a6 J_ T 55 3 \\ 10 it 2\\\\\

V+A b V-A 0 V/A f




Polarization-induced effects Signal: pu pum =171, T e/ut+a

SMBG: p pu"m =7 1Hh T —=e/p+vv

BG| T —e/pu+vv

In the tau rest frame:

o [ TT =T
d-T _ o
T = T v

~ T (3 —2xp) £ Pr(22¢ — 1) cosb] a2

daydcosé

X!

dIl’ T RERON

“ \

6 Signal angular distribution

drpE A dr EEESY ar] ‘\\

I AN e 2N

V+A o V-A 6 V/A f




How to produce highly polarized tau leptons?
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How to produce highly polarized tau leptons?
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How to produce highly polarized tau leptons?
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Discriminating variables
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Discriminating variables
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Discriminating variables
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Unpolarized Discriminating variables
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Unpolarized Discriminating variables

TMVA
(Toolkit for Multivariate Data Analysis)



Unpolarized Discriminating variables

TMVA
(Toolkit for Multivariate Data Analysis)
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Polarized Discriminating variables
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Polarized Discriminating variables
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Polarized Discriminating variables
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(-"Tt'f/ ]L a

Mg [MeV]

Constraints

VA

V/A

196 GoV Unpolarized 1 9.02 (9.73) 8.46 (9.12 2.24 (13.21)
Polarized 1 2.96 (3.18) 7.32 (7.90) 5.54 (5.97)
0.0001 6.63 (7.01) 6.53 (6.90) 9.37 (9.90)
0.1 6.68 (7.06) 6.57 (6.94) 9.37 (9.90)
0.2 6.69 (7.07) 6.52 (6.88) 9.39 (9.92)
0.3 6.69 (7.08) 6.55 (6.91) 9.38 (9.91)
0.4 6.71 (7.10) 6.54 (6.91) 9.40 (9.93)
Unpolarized 0.5 6.71 (7.10) 6.55 (6.91) 9.36 (9.88)
0.6 6.69 (7.08) 6.53 (6.90) 9.40 (9.93)
0.7 6.71 (7.09) 6.53 (6.90) 9.35 (9.88)
0.8 6.70 (7.09) 6.52 (6.89) 9.37 (9.91)
0.9 6.73 (7.12) 6.51 (6.87) 9.39 (9.91)
350 CGaV 1 6.70 (7.08) 6.52 (6.89) 9.34 (9.87)
] ' 0.0001 2.45 (2.57) 4.59 (4.92 4.11 (4.34)
0.1 2.44 (2.56) 4.59 (4.92 4.13 (4.35)
0.2 2.40 (2.52) 4.57 (4.90) 4.16 (4.39)
0.3 2.40 (2.52) 4.58 (4.91) 4.05 (4.27)
0.4 2.41 (2.53) 4.63 (4.96) 4.08 (4.30)
Polarized 0.5 2.41 (2.53) 4.58 (4.90) 4.16 (4.39)
0.6 2.39 (2.51) 4.56 (4.88) 4.14 (4.37)
0.7 2.43 (2.55) 4.58 (4.90) 4.10 (4.32)
0.8 2.40 (2.52) 4.56 (4.88) 4.16 (4.38)
0.9 2.41 (2.53) 4.56 (4.88) 4.16 (4.38)
1 2.36 (2.48) 4.58 (4.90) 4.14 (4.37)
1500 GoV Unpolarized 1 12.48 (13.15) 12.24 (12.90) 17.41 (18.35)
o Polarized 1 4.80 (5.04) 9.12 (9.75) 7.14 (7.51)

AT, 07! 2L /2% 1o yry zaddn oy 04¢6 pojoady
1—A°L 01| "/ L] TO %6 1 Cl




Crpe / fa

Constraints

mg [MeV] V+A V—A V/A
126 CGeV Unp-:)l-a:rized ] 8'{"_ (957) {E '3 (E} 17) 12. 2_ (13.23)
Polarized 2.87 (3.08) (.25 (7.83) 5.11 (5.51)
0.0001 6.63 (7.01) 6.46 (6.82) 9.25 (9.77
i 6.62 (6.99) 6.43 (6.79) 9.25 (9.77
6.62 (6.99) 6.42 (6.78) 9.25 (9.77
6.60 (6.98) 6.44 (6.80) 9.26 (9.78)
6.63 (7.01) 6.45 (6.81) 9.23 (9.74)
Unpolarized 6.62 (6.99) 6.42 (6.78) 9.27 (9.80)
6.63 (7.00) 6.43 (6.79) 9.27 (9.80)
6.63 (7.01) 6.38 (6.74) 9.27 (9.80)
6.66 (7.04) 6.43 (6.78) 9.25 (9.77
6.65 (7.03) 6.48 (6.84) 9.24 (9.76)
350 CGaV 6.62 (7.00) 6.43 (6.79) 9.19 (9.71)
] ' 2.23 (2.34) 4.45 (4.75) 3.76 (3.96)
2.15 (2.25) 4.46 (4.74) 3.77 (3.97)
2.18 (2.29) 4.45 (4.75) 3.79 (3.99)
2.13 (2.23) 4.45 (4.75) 3.72 (3.92)
2.18 (2.28) 4.49 (4.80) 3.76 (3.96)
Polarized 2.17 (2.28) 4.38 (4.68) 3.75 (3.95)
2.14 (2.24) 4.47 (4.78) 3.76 (3.95)
2.21 (2.31) 4.47 (4.78) 3.57 (3.75)
2.15 (2.25) 4.44 (4.74) 3.75 (3.93)
2.10 (2.20) 4.50 (4.81) 3.77 (3.98)
2.17 (2.27) 4.38 (4.68) 3.74 (3. 92)
1500 GeV Unpolarized 2.29 (12.95) 12.13 (12.77 17.29 (18.2
o Polarized 4.49 (4.71) 8.84 (9.44) 7.86 (8. ‘?'_)

[(—AL ¢-01] *f /™ 1o g doddn 7Ty 9466 paroadsy
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The Valencia jet algorithm

Valencia jet algorithm combines the good features of lepton collider algorithms
Durham-like distance criterion

di; = min(E¥, E?‘S)(l — cos 6;)/R>

with the robustness against background of the longitudinally invariant ki
algorithm

-
dip = Pr
B allows to tune the background rejection level

The algorithm has been implemented as a plugin for the FastJet package

https://fastjet.hepforge.org/trac/browser/contrib/contribs/ValencialetAlgorithm
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