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Probing Light New Physics at LFV Experiments

Minimal Dark Matter

JsM Dmx SU2)r, xU(1l)y

1. Dark matter can be coloured

[See V. de Luca et al. 1801.01135]

Signatures f
QQ or QQQ bound states =——p O I 0 ur_e/s ronT\
SU(3)C octets SU(3)C fundamental rep. gQ & qq Q Oblecllls

2. Dark matter can be

10744

o o . . ‘ » 13- || 135
Finite set of options based on SU(2); representations P e
10~45) S '
Y =0 real WIMPS > W
[S. Bottaro et. al 2107.09688] E - i ot

Y =1/2,1 complex WIMPS

[S. Bottaro et. al 2205.04486] 1047 11
' [S. Bottaro et. al 2107.09688]

Includes classic Wino & Higgsino WIMPs (minus SUSY particles) 2 510 20 50 100 200 500

M, [TeV]




Probing Light New Physics at LFV Experiments

Minimal Dark Matter

1. Dark matter can be colour &Giving up on SM charged
[See V. de Luca et al. 1801.01135] dark mu"er ‘undida'es

QQ or QQQ bound stat

SU(3)C octets SU(3)C fundamental rep.

2. Dark matter can be

Finite set of options based on SU(2), representa

Y =0 real WIMPS

[S. Bottaro et. al 21

Y =1/2,1 complexW

[S. Bottaro et. al 22(
Includes classic Wino & Higgsino WIMPs (minus
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Singlet Dark Matter

/\ If DM is a SM singlet it need not interact with the SM
Vo)t

EX. Misalignment production:

Consider a free scalar with initial field value ¢;uit

Dinit ’ me  \ /2
0, = 0.12 ( )
? (2 x 108 GeV ) \10-6eV

Scalar must be light for there to be enough DM
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Singlet Dark Matter

/\ If DM is a SM singlet it need not interact with the SM
Vo)t

EX. Misalignment production:

Consider a free scalar with initial field value ¢init

Dinit ’ me  \ /2
Q, = 0.12 ( )
? (2 x 108 GeV ) \10-6eV

Scalar must be light for there to be enough DM

> ¢

o
But we mlght be lucky and observe light thermal relics!

Ex. Neutrinos But what do we observe?

Example of a light thermal J Solar neutrinos
relic that behaves like dark

J Reactor anti-neutrinos
matter today!

J Collider neutrinos

DM may x Cosmic neutrino background




Many Options, Much Fun?

How do | make sense of the landscape of singlet options?

Cn

o
E FT. Eportal D AAdark‘|‘ASM_4 OdarkOSM

t Any gauge invariant
combination of SM fields

Lower dimensional portals — »  largest rates
Odark — {¢7N7V,u7°"}

Scalar, Fermion, Vector
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Many Options, Much Fun?

How do | make sense of the landscape of singlet options?

Cn

E FT: 'Cportal D AAdark+ASM_4 OdarkOSM

t Any gauge invariant
combination of SM fields

Lower dimensional portals — »  largest rates
Odark — {¢7N V,lu A }

Scalar, Fermion, Vector

Axion-like
partices

Heavy neutral

Dark Higgs
leptons

Dark photons

Edae of the world?

illicharged
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Dark Sector Thermal History

Portal interaction strength decreasing |

Thermalised (. Decoupled

Fint Z H
Ny < H
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Dark Sector Thermal History

Portal interaction strength decreasing |

Thermalised (. Decoupled

Portal interactions lead to dark sector
equilibration with SM

Annihilation rate of DM to SM sets the relic
abundance today

Annihilations must be strong enough so that
DM does not over close Universe

Fint Z H
e < H

Lower bound on interaction strength

/Shnrp experimental target
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Dark Sector Thermal History

Portal interaction strength decreasing |

Thermalised (. Decoupled

Portal interactions lead to dark sector

Portal interactions insufficient to achieve
equilibration with SM

equilibration with SM

Annihilation rate of DM to SM sets the relic

Suppose portal breaks SM accidental
abundance today

symmetries

Annihilations must be strong enough so that

Small coupling leads to freeze-in
DM does not over close Universe

or non-thermal production

Fint Z H
e < H

Lower bound on interaction strength Target becomes rare processes and/or

long-lived particles

ﬁhurp experimental target Multiple model

dependent targets
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Flavoured Axion-like Portal
Accidental symmetries of the SM might be broken by light
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Flavoured Axion-like Portal
Accidental symmetries of the SM might be broken by light

EX(II‘IIEIE: FICIVOUI" dependenf [Calibbi et al 1612.08040]
Peccei-Quinn charges

[Ema et al 1612.05492]

Flavour violating

(G i)

[Feng et al hep-ph/9709411]
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Flavoured Axion-like Portal
Accidental symmetries of the SM might be broken by light

Example: Flavour dependent  icoiibieral 161205040
[Ema et al 1612.05492]
Peccei-Quinn charges

Flavour violating

72 2, (G + i)

[Feng et al hep-ph/9709411]

& HieI'CII'Ch)' between flavour- Flavour anarchy: C?’V(AUV) ~ O(1)
conserving and

depends on the UV theory

Minimal favour

AV _
violation: G (Auv) =0



Where’s the Dark Matter?

[Pani, Redigolo, Schwetz & Ziegler 2209.03371]

Lepton flavour violating IR freeze-out dominates over flavour
diagonal freeze-in

Flavour diagonal: ¢/ — vya & f{v — la
. af ma \ [5x10°GeV\ [my 75\
210 () (570 () (1)
Flavour violating: /¢, — /.a

; ma \ (me,\ (5x10°GeV\? [/ 75 \*/?
Quh|r .0 ~ 0.12 ( ) ]
v 50 keV M, fa/Coe; g« (me;)

& Flavour violating domination also helps suppress

a — yy and a — vv (DM stability & indirect defection signals)



New Physics & DM
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New Physics & DM

mass (GeV)
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Why Muons?

Muons are pretty Sp&Cidl: I—> Sensitivity to tiny couplings
BR [u — X |2
N ] ~ 17
# ST T @( 10 ) Sy
//t Two-orders of magnitude

kaon_pm = 9.29e+15

Bo = 1.22e+13
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Muons are pretty special:

There are very many of them:

Part 1:

BR[ﬂ—)X]N

l i

2 -
L N cB
St
\ —

—
ons sec

Why Muons?

I—P Sensitivity to tiny couplings

2
my,

17
87 | T, O(10 )

Two-orders of magnitude
larger than next best
candidate

6(10°>) Muons

No time today: Ask me offline

= 3.53e+17
= 7.84e+11
= 5.52e+15
n_pm = 9.29e+15
Ko_ = 6.77e+13
Ko_1 = 3.87e+16
BO = 1.22e+13
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Why Muons?

Goal: show how rare decays of the muon, usually
used to search for heavy new physics, can be used
to search for light new physics

1986 ~ 107/year(s) 2014 ~ 10° /year soon ~ (10% — 107) /s

/
TRIUMF: TRIUMF: PSI: MEGII+ Mu3e t eV, #M S

Jodidio’s Twist

® Motivation hinges on huge amount of upcoming data
® Single purpose detectors where new detection

strategies must be established as soon as possible

U — 3e U — ey (g—2), uN — eN
Mu3e MEGHII Muon g —2 Mu2e COMET DeeMe
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What New Physics?

Lepton-flavour
Violating
E+
<+
M —<—
~a X
I afi(C}, + CLys)e
2a 1 Coyl

Bump hunt in electron
momentum p,

[Bayes et al (TWIST Collaboration) 1411.1770]
[Perrevoort et al (Mu3e Collaboration) 1812.00741]

Lepton-flavour
Conserving

Lo X gl + ghru + 2(gs + girs)e|
Z; D X" [ﬂMgﬁ + 8Lvs)p + ev,(gy + g,iys)e]

Bump hunt in eTe -pair
Invariant mass

[Echenard et al 1411.1770]
[Perrevoort et al (Mu3e Collaboration) 1812.00741]
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What New Physics?

4 Lepton-flavour )
Violating

Bump hunt in electron
momentum p,

[Bayes et al (TWIST Collaboration) 1411.1770]
[Perrevoort et al (Mu3e Collaboration) 1812.00741]

Lepton-flavour
Conserving

Lo X gl + ghru + 2(gs + girs)e|
Z; D X" [ﬂMgﬁ + 8Lvs)p + ev,(gy + gjys)e]

Bump hunt in eTe -pair
Invariant mass

[Echenard et al 1411.1770]
[Perrevoort et al (Mu3e Collaboration) 1812.00741]
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What New Physics?

4 Lepton-flavour "\ For generic L8
Viglaﬁng model: Xoerem =g X
2
ot 107> < lOMeV>
W CTy & 5 mm
)A* Se UD'¢
Three possibilities:
“a,X

L Long-“yed Most relevant
M 1 ap(CY + C4 for DM
H eu e/,ﬂ/5)e

Py = L
T op G,

2. Prompt decays

Bump hunt in electron

momentum p, 3. Displaced decays

[Bayes et al (TWIST Collaboration) 1411.1770]
[Perrevoort et al (Mu3e Collaboration) 1812.00741]
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ALPs long-lived

escaping the detector

1. © — ea

TWIST
[TWIST collaboration 1409.0638] &
Mu2e

[Hill, et. al 2310.00043]

Mu3e

[Perrevoort et. al (Mu3e Collaboration) 1812.00741]

MEG-II

[Jho, et. al 2112.07720]

MEG-II

[Jho, et. al 2112.07720]

Mu3e

[Knapen, Langhoff, Opferkuch & Redigolo 2311.17915]

Long-lived Scenario

» Rare muon decays

with missing energy

Ginormous irreducible background from
Michel decays ;1 — evv

Muon polarisation can help

discriminating signal  [systematics are large for left-
[see Calibbi et. al 2006.04795] hqnded (OUp“ngS]

Require a final state photon to
reconstruct missing mass distribution
[reduces signal rate but MEG-II has lower energy thresholds]

Require a final state photon internally
converting to electron-positron pair
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Mu3e Experiment

BeCI U‘I‘ifUI hermetic de'l'e C‘l'or: [Technical Design Report (Mu3e Collaboration) 2009.11690]

Recurl pixel layers

LTt PP rrrg LI PPl
Scintillator tiles Inner pixel layers
——————> pBeam Target%

/

COTTTT T T r Ty >enaingfbres / SEREREE AR

A\ 7

Outer pixel layers
10cm
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Mu3e Experiment

BeCI U‘I‘ifUI hermetic de'l'e C‘l'or: [Technical Design Report (Mu3e Collaboration) 2009.11690]

Recurl pixel layers

Lt el Lt
Scintillator tiles Inner pixel layers

— % Shelve any p; €(10,105] Mev
———————F HuBeam Target . o o
- LHC intuition! B=1Tesla

/

Scintillating fibres

cerrrrrrrrr e

‘ e r

Outer pixel layers
10cm
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Mu3e Experiment

BeCI U‘I‘ifUI herm etic de'l'e C‘l'or: [Technical Design Report (Mu3e Collaboration) 2009.11690]

Recurl pixel layers

Lt el Lt
Scintillator tiles Inner pixel layers

— % Shelve any p; €(10,105] Mev
———————F HuBeam Target

LHC intuition! B=1Tesla

(T Iy ~omieng fbres

e r

A\ 7
Outer pixel layers
10cm

Mu3e Phase | Simulation 10" muon stops
Optimised to detect S 102# ~ ocevy Epﬂ?gggat mm/ e
three ¢~ reconstructing S at 10
the muon mass 2 o™
u%’ ——at 10"
But: All three-¢™ events .}*
saved to tapel! A,

m... [MeV/c?]
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Long-lived Scenario

Lepton-flavour For m, 2 < 25MeV calibration
Violating challenge as signal lies
near the Michel edge
E+
)A-‘. /
~
My 1 "V A =
2 = afi(Cpy + Coptse
A T e
Monochromuti;v
Bump hunt in electron  10*- sm:ul lios
momentum p, ' ere ';

[Bayes et al (TWIST Collaboration) 1411.1770] 0 10 20 30 40 50 60
[Perrevoort et al (Mu3e Collaboration) 1812.00741] Positron momentum Det [MGV]
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Lepton-flavour
Violating
E+
<+
M
.,
I afi(C}, + CLys)e
2a 1 Coyl

Bump hunt in electron
momentum p,

[Bayes et al (TWIST Collaboration) 1411.1770]
[Perrevoort et al (Mu3e Collaboration) 1812.00741]

Long-lived Scenario

For m, < 25MeV calibration

challenge as signal lies
near the Michel edge

| 2)(106 [Perrevoort PhD thesis]
> 127
g I SM bkg
S L L s
S 1- pr ey,
5[
Q-‘ -
= 0.8
QO
> u
aa n
0.6/
; Monochromatic
04r signal lies
0ok here

| 1 1 1 1 1 1 | 1 1 1 1 I 1 1 l
0 20 40 60 80 100
p [MeV]
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Systematics —> Statistics

€+
R / infernal
M — M <
conversion

“A Robust Search for Lepton Flavour Violating Axions at Mu3e”
[Knapen, Langhoff, Opferkuch & Redigolo 2311.17915]
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Systematics —> Statistics

€+
R / infernal
M — M <
conversion

“A Robust Search for Lepton Flavour Violating Axions at Mu3e”
[Knapen, Langhoff, Opferkuch & Redigolo 2311.17915]

The price to pay:

® Extra factor a?

® Phase-space suppression

e Additional detector
acceptance suppression
p.e> 10 MeV
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Systematics —> Statistics

€+
. e internal R
M — M <
conversion

“A Robust Search for Lepton Flavour Violating Axions at Mu3e”
[Knapen, Langhoff, Opferkuch & Redigolo 2311.17915]

The price to pay:

2

1. e momenta now lie away
from Michel calibration
edge!

® Extra factor a

® Phase-space suppression

e Additional detector
acceptance suppression
p.e> 10 MeV

2. Analysis can be done

offline leading to improved
event reconstruction
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Search Strategy

i f - 5 % I109 Gev | [Knapen, Langh:)ff, Opferkuch & Redligolo 2311.17915] SignGI:
a — -+
e
107 5 N, =25 X 1o Background - . e~
— ' — ] M <
| ] ] et
- |
= 10°
- :
S
S
%
g
5 10° - -
=,
go
10 . . . . —
-5 0 5 10 15 20 Small missing
Missing invariant mass my; MeV] mdass requires
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MEG-Il Experiment

Not a hermetic detector: Detector geometry and

tfrigger assume:

Liquid xenon photon detector ° e+ qnd 14 chk—l'o-chk
(LXe)

COBRA
superCTucting magnet e

ok, =~ mM/2
e.g. B-field is non-uniform
designed to sweep soft e*

/ away from tracker

Y £
.....

Pixelated timing counter
(PTC)
Muon stopping target

Cylindrical drift chamber

Radiative decay counter (CDCH)
(RDC)
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MEG-Il Experiment

Not a hermetic detector:

Liquid xenon photon detector
(LXe)

COBRA
superCTucting magnet e

Y £
.....

Pixelated timing counter
(PTC)
Muon stopping target

Cylindrical drift chamber

Radiative decay counter (CDCH)
(RDC)

Detector geometry and
tfrigger assume:

*¢" and y back-to-back

ok, =~ mM/2

e.g. B-field is non-uniform
designed to sweep soft e*
away from tracker

ALP Signal

[Rate maximised for soft collinear photon] o+
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MEG Triggers

Exiremely oversimplified

* Triggers from radiative muon
+ ollaboration .
)A < y decay seq rch (RMD) [MEG Collab 1312.3217]
ot
1. Remove backto-back requirement
% 2. Reduce E;" by lowering beam intensity
1 Hardware cut 1 Software cut
MEG-RMD MEG-RMD ‘ ‘
08 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 08
—~o08f S
S
$0_4 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
o2
%42 44 46 48 50 52 %6 89 42 _ 45 48 5

E.[MeV] E,[MeV]
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Missing Mass at MEG-II

Can reconstruct the missing invariant mass from the ¢ + y

Parasitic on normal MEG 1l run

Dedicated low infensity run

" Signal (F&‘A =1x10° GeV) | = Signal (Fy, =2 x 10° GeV)
] RMD bkd j | [ ] RMD bkd |
8 [ JRCbkd | 200 JRCbkd ~
~ | [_] Total bkd 0 | ~ |[_] Total bkd
g | [JTotal signal+bkd 1= [ - % | ] Total signaltbkd
S | MEG-RMD :
L% af R 310
o0 =/ - 5
‘ i ‘ ‘ J [Jho, et. al 2112.07720]
—9100 -200 0 200 400 —9100 -200 0 200 400
mé [MeVz] mé [MeV2]
A low intensity run (1/50 of normal) is better because: M
RMD « R
* Allows for looser cut on photon energy pr
* Reduced background from coinciding decays X
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LFV ALPs at Mu2e

Beyond the flagship search: What’s required for i — ea?

Production (4.5 - 2.5T)
Solenoid

_ Transport (2.5T)
1 Solenoid

Detector
Momentum ~ Solenoid (2 0-1. OT) & CRV
Se|ecting \ / | B 3 wr
RS T =
Trackerhﬁ
Al-Stopping

Targets om

1.
2.

Calorimeter

[Hill, Plestid & Zupan 2310.00043]

Need ,u+ and 7™ (modify transport solenoid)

Need reduced intensity proton beam

Michel background overwhelms detector

Degraded energy resolution

But for m, < 20 MeV
calibration challenge

as for Mu3e

/N Can a similar approach to Mu3e be implemented?
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Final Reach Long-lived ALP

1011_ T T T T T T T T T T 1 | | ' | |
1[Knapen, Langhoff, Opferkuch & Redigolo 2311.17915]
- Cel or |G| =
M el
=~ [ Independent calibration” =~ ~=~<s
o S~
@) : /
=~ -, Partial Michel calibration ,'\\
S s s st T T ST
= 1010 4 Mu2e-X N = _
s MEG TI-ALP =
éﬁ MEG II twd NN 1
O Y | Q)
- A \ i =)
i Jodidio et al. ‘ | T
S AN SN1987A (1f — efa)
% ]. O 7 I 5 ~ 'E -
. TWIST :
g White-dwarf Red-giant \\ T
y ':;: cooling cooling \ Hoob |
= “ »
| | I
108 ——rr] ————r ———— ————rrrri ————ry . etk
102 10° 10* 10° 10° 107 108

Axion mass m, [eV]
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—

-]
o
o

] T T LR L —
1[Knapen, Langhoff, Opferkuch & Redigolo 2311.17915]

Independent calibration

Partial Michel calibration

o o — ——— ———— ——— — ——— ———— —————— — — — . — — — N N N . N R NS W NS NS NS W WS NS . R N R S R R R R,
- —
~

S
g Sy U PUI U AU IPUIPPUIP.. NS pURy gt S —— i = o S

Final Reach Long-lived ALP

No systematics included (@4

Axion decay constant f, [GeV]
=

MuZ2e-X
e~ S MEG I-ALP—
- MEG I fwd TSN T
- Jodidio et al. -
NI SN1987A (uf — efa)
\ TWIST T
White-dwarf \  Red-giant A
cooling cooling \
! L ! ! "‘\""I ! ! '\;""I ! L L | ! ! """"I
107 103 104 10° 106 107

Axion mass m, [eV]
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Final Reach Long-lived ALP

1011 S — — — - ——— ——— ———
1[Knapen, Langhoff, Opl ferkuch & Redigolo 23:”.77975] | | | |
o systematics include eu eu
% _________________________________________ Independent calibration .
O o _— ;
e T, . Partial Michel calibration }
3 s st dmete T T O A ¢
“= 1010 - Mu2e-X X =
= %
< MEG II-ALP —
4; -_-_-_-1_\-_7[' :]:]__é:l:i:f _____ E_i- St rs ——RSEEEEEEESREEERR—— e N | =
W - ~ !
- Flavoured DM freeze-in : I
S — | g
i - Jodidio et al. ': '. =
§ 08 N SN1987A (uf — efa) |
O ~ TWIST NS
g White-dwarf Red-giant A ‘
y ':;: cooling cooling \ Hoob |
R s
| L
| o
108 T T LR LR T — —r
102 10° 10* 10° 10° 107 108

Axion mass m, [eV]
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Going Displaced at Mu3e
\

L

€+ e

~ 70 pm Mylar

Inner pixel layers +

Going displaced inside

Scintillating fibres

Outer pixel layers 4
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-10

Going Displaced at
\

L

X g

10

y o N —
-10 y
=] \ —
[: -50
. \ O
Inner pixel layers . + z
° do I d ° od 50
o Going displaced inside
Scintillating fibres Isotropic
H i
- decays
Outer pixel layers V4 I“'e Sl'opplllg iurge'. y
1.0+ i 1.0- '— z=-30 mm ‘
I Z=5mm
0.8 ] 0.8
i 1 i z=25mm
o 0.6- . = 0-6} . 7z =45 mm
S | 300 | |
041 © z-dependence “* 7 LlL
0.2 ] stopped 0.2 H&\_f
i : muons i 3
oo0p, .. .. T 0.0p, T qk\ “““““
0 20 40 60 80 100 0 20 40 60 80 100

Amax (Mm) Ainax (Mm)
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Backgrounds

1. Require e¢™ pointing to muon

decaying on stopping target 2. Require e*-¢~ pair

reconstructed to decay inside
i.a rg ei. (With at least 3mm displacement)

3. (optional) Require ¢™-¢~
pair to point to muon
decay on surface

Inner pixel layers +)
€

Scintillating fibres

, ist P — 2
Outer pixel layers 4 $ I"SlSt pmiss o O ormeSS > O

Without v's With Vs
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Backgrounds

1. Require ¢™ pointing to muon
decaying on stopping target

dNevents/dmee [Mev_l]

3 4 .
10 ] _E""-:= Internal | e without pointing| 3
R conversion with pointing
1 E.: . FEATven, (Stopped on air)
24: s o ot .
4 = - . + —I_— —|— -
: .., U — VeV
14 i H €
3: " (Stopped on target)
1074 Bhabha ,, (Stopped on torg
3- ok
Positron from muon decay stopped
:  on air liberates e~ from gas
10° Ell + T + E 0
5 J""--._L pt = et v, L (x10°)
] (Stopped on target) -
10! fF—1
(x10?%)
102 T (x10°) [Knapen, Opferkuch, jgolo & Tammaro 2410.1'5'9;4:7] ]
| :

Coincidence backgrounds

20

40 60 80

Mee [MeV]

2. Require e*-¢~ pair

reconstructed to decay inside
target

(With at least 3mm displacement)

3. (optional) Require ¢™-¢~
pair to point to muon
decay on surface

= () orpr%liSS > ()

With v's

4. Insist p*.

miss
Without o's
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Production Modes
L. Two-body:  Ex. LFV ALP

\/ Mass reconstruction

/ Pointing

2. Three-body:  Ex. HNL with dark photon

x Mass reconstrucdion

3. Four-body:  Ex. LFC ALP
x Mass reconstruction

+/ Pointing
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Lepton Flavour Violating ALP

—8 [Knapen, Opferkuch, Redigolo & Tammaro 2410.13941]
10 LR R A R
| | | : T
Q ol ]
S 2 5 2 L =3
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Lepton Flavour Conserving ALP

[Knapen, Opferkuch, Redigolo

& Tammaro 2410.13941]
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Take Home Message
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Take Home Message
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Take Home Message
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101 1

~onstant f, [GeV]
=

Take Home Message

L If needed, we can by-pass the challenging _

1 — e + a channel with ul=1"
*u—>e+a+yaMEGII -
* 11 — 3e + a at Mu3e

Mu3e is likely better & doesn’t require a dedicated
run, BUT MEG Il may get there sooner
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at N 3. What can be done at Mu2e

‘Mu3e drastically increase ' using dedicated runs:

the scope of new physics
searches (with decoupled
production modes)

'u—>e+a+"?
* Displaced vertices?

10*

- — N * Prompt ALP decay searches?

Axio * Something even better?
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Lepton Flavour Violating ALP

[Knapen Opferkuch, Rechgolo & Tammcro 2410. 73941]
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Search Strategy
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Search Strategy

108 5 . .

i Background

correlations to improve heyond

the standard bump-hunt

“Angling for Insights: llluminating Light New
Physics at Mu3e through Angular Correlations”
[Knapen, Langhoff, Opferkuch & Redigolo 2311.17913]

10° . . . ;

1 i, Dark photon
| '“i__' ma = 20 MeV T
Tt 2 =2x10""]

Idea: Use angular & kinematic *;72 N

GGQ

0 10 20 30 40
Mee [MeV]

My is the eTe -pair that reconstructs the mass of the
hypothesised resonance

50

Signal:
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Background Combinatorics

Correct pair for my,

+ +
ey A Cx .
mx /y* mx
7* e e 1
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Ve Ve

Incorrect pair for m,

es ey
¥ 2 v e~ 1
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~ ~ Pe- " Per
Y Vi 1
Ve Ve Ee_Ee;(l —COS (98_6‘?)

Collinear singularity for background only!
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Background Combinatorics

LoD X [gg‘ﬂ,u + ggée]

— mx = 2MeV

mx = 30 MeV [
———= Jhy = T0MeV|]

Scalar coupled

mainly to muons

[Knapen, Langhoff, Opferkuch & Redigolo 2311.17913] -

0.0 0.5

cosf _ +

e es

o
- 1
et }mX X
X
Pe- " Per

V,u 1

Ve - E,E,(1-cos0,,.)

Collinear singularity for background only!
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Kinematic Correlations

Two additional model-dependent discriminating variables

[Knapen, Langhoff, Opferkuch & Redigolo 2311.17913] 10
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Dominant muon coupling
behaves differently
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Kinematic Correlations

Limited by MC statistics to binning in 2 variables only

3.0 !

| | |
[Knapen, Langhoff, Opferkuch & Redigolo 2311.17913]
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Include parity-odd couplings:
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Mu3e can extrac full
kinematic

information using o
data driven
background estimate
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Example 1: Dark Photon

10_5 : [K“napen, L?nghof;f, Opferklluh ,& Rledligclolo 2311.17913]
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[Echenard et al 1411.1770]
[Perrevoort et al (Mu3e Collaboration) 1812.00741]
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Example 2: Scalar Coupling to Muons
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® Scalars with mass hierarchical couplings

o L, — L, (also twisted)

Other models investigated (Mu3e not competitive):
® Scalars coupled only to electrons
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[Knapen, Langhoff, Opferkluh & Redigolo 2377 77915]
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Small improvement

for right-handed
currents




