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Dark Sector searches

Motivations & Models

Possible light dark matter (LDM) theoretical scenarios foresee:
 LDM part of a hidden or dark sector, feebly interacting with SM via a
new light mediator (referred as ‘portal’):

ﬁportals — _%BIWA:W o HTH(AS'*' )‘52) o YK«II_‘IHNJ L

\s

Vector portal Higgs portal  Neutrino portal

only a small number of possible portal interactions between
Dark Sector and SM (e.g. [1]);

Not just solving the DM puzzle. Often offer solution to SM anomalies.
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[1] Essig et al., arXiv:1311.0029 (2013)

Non-gravitational
interaction with
matter

' N
Portal @ /
|

Dark Sector
S~

 Dark matter;
* Dark Forces;


https://arxiv.org/abs/1311.0029
https://arxiv.org/abs/1311.0029

Dark Sector searches

Collider strategies

Probability of interaction of LDM with the detectors is negligible.

L+ Searches at collider usually focuses on mediators rather than DM itself.

Two general strategies:

Direct production

Directly produced in SM particle collisions
* probe mediator masses up to Vs

Produced in mesons (D, B, Y or other) decay
* probe mediator masses up to respective meson mass

N

Precision physics

WIFAI2023 — Dark sector particles searches at Belle Il - M. Campajola

-

*

loop induced effects

probe very high mediator masses




The Belle |l detector

Experiment overview

Belle Il detector

,

collision point
—

Belle Il is a ~41 detector @ SuperKEKB collider (Tsukuba, JP):
* eTe” collision at the /s = 10.58 GeV (= my 4s))

« Asymmetric beam energies: Boosted BB

* Large luminosity: so far world record 4.7 x 103* cm ™% s~ !

. | Electron-Positron
L | linear accelerator

KLM

ECL K, and muon detector
. _ W ID-eff: ~90%
Data taking: [ EM Calorimeter J
i : O(E): 4%-1.6% ™
e Currently on first shutdown since July 2022; - TOP + ARICH
* ~ 430 fb* collected to date (~ Babar, ~ % Belle); el parftitlt(le identtiﬁ;a/tion ]
. . ro ake-x rate: 5%

* Run 2 starts coming winter; " (7Gey,

» Target: 50 ab in the next decade cc = —
central drift chamber s f:::m
spacial resol: 100 um )

HLT: < 10 kHz

dE/dx resol: 5%

p, resel: 045 dedicated lines for dark physics

ey)

T

PXD + SVD

vertex detector
/ vertex resolution: 15 um

2 layer pixel detector (PXD) 2" incomplete
4 layer double-sided strip detector (SVD)

Prog. Theo. Exp. Phys. 12 (2019)
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https://academic.oup.com/ptep/article/2019/12/123C01/5685006?login=false

The Belle |l detector

Key factors for dark sector physics

Belle Il able to investigate the mass range naturally
favored by light dark sector

DS searches @ Belle Il benefit of:

* High luminosity;

e Clean environment, low background;

Well defined initial state;

* Hermetic detector;

* Excellent PID;

e Dedicated trigger for low multiplicity final states:

* single photon, single muon, single track,

displaced-vertex in preparation;

* Low multiplicity signatures possible;

Dark Sector Candidates, Anomalies, and Search Techniques
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Belle Il searches

e Efficient reconstruction of missing energy and recoiling system <-> signature of invisible particle;
* Full event interpretation for DS searches in B and t decays available;
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Dark Sector searches

Signatures @ colliders

Different topologies depending on the mediator and DM candidate mass hypothesis:

e If DM kinematically accessible -> invisible decay:
* Missing energy or momentum signature;

heavy mediator

* If decay to SM -> visible decay:

<
* bump hunt search; -
w
w
G
- o =
An additional player: mediator lifetime. .
e Usually life-time is proportional to some ..%
power of the coupling and of the mediator mass 5
. . q)
lifetime ¥™=> decay length c
* Long lifetime:
e decay-length < O(1)m: displaced decay vertices; 7 displaced or invisible decay |
e decay-length > O(1)m: decay outside the detector; >
\ dark matter mass mpwm

~ drift chamber radius

IDM2022 — Searches for dark sector particles in LHCb/Belle Il (M. Campajola)



Th e ZI searc h Saga [1] Shuve et al., Phys. Rev. D 89 (2014)

[2] Altmannshofer et al., JHEP 106 (2016)

Phenomenology

Gauging L, — L., the difference of leptonic u and T numbers:
* new gauge boson which couples only to the 29 and 3" |[epton family;
* anomaly free (by construction);

€ M
. +
Could exPIam [, (21 Sterile neutrinos; ¢ X
: (8- 2) anomaly; /' Light dirac fermions; ~
DM phenomenology, P
* B-physiesanomatieseg R Ry« .
Experimental signatures: =, x

Q¥
+
=

* Visible decay mt

* Previous constralnts from BEBﬂF(ZQl\G)\CJ\AS(2019)

O
Belle(2022) and neutrino-nucleus scatterlngexpEﬂments (g g @ Belle Il search for:
(CCFR and CHARM) —_———_________*_____——:> % g- ete™ - utu~ 7'
. @ible decayto SMneutrinos or DM — g Z' — invisible;
* Previous constraints from Belle Il (2020), NA64-e(2022) HU;

TT;
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https://doi.org/10.1103/PhysRevD.89.113004
https://link.springer.com/article/10.1007/JHEP12(2016)106
http://dx.doi.org/10.1103/PhysRevD.94.011102
http://dx.doi.org/10.1016/j.physletb.2019.01.072
https://arxiv.org/abs/2109.08596
http://dx.doi.org/10.1103/PhysRevLett.113.091801
http://dx.doi.org/10.1103/PhysRevLett.124.141801
Search for a muonic dark force at BaBar

Search for an invisible Z’

Strategy

Search forete™ - u*u=Z', Z' - invisible
Analysis in short:

* muons used to reconstruct recoil mass (peaking for Z’ signal); -

e Background from QED processes with 2 particles identified as muons

and missing momentum. Mainly due to uu(y), Tz, eeuu; Lo°

B ete sete putu- Belle I [Ldt=79.7 fb~!
. Bl ete =11 (y)

107 F o ete -sputu-(y

+ Data

* Analysis selections:
* Two opposite sign muon tracks; p#“ > 0.1 GeV/c
e Recoil points to barrel calorimeter (Myecoi] < 2 GeV/c?);
* Low activity in the calorimeter; y veto;
* Neural-Network exploiting FSR nature of Z’ production;

103 -

10°

« Signal extraction by fitting over the 2d distribution B,ecoil VS. MZcoil; L0t

100

Candidates / (0.5 GeV?/c%)

First measurement with 2018 dataset: ~279 pb;

New analysis with 2019-20 dataset: ~ 79.7 fb™! 20 40 60 80
* higher luminosity; analysis strategy improved; new triggers. Mrzecoil [GeV2/c?]

=
o
&

0
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Search for an invisible Z’

Results

No significant excess over the expected background;

Set 90% CL exclusion limits on cross section and coupling:
* World-leading UL for a fully invisible Z’ (100% BR to invisible);
* First exclusion of a fully invisible Z’' boson as an explanation of the (g — 2),, anomaly for 0.8 < M, <5 GeV/c?;

0° ¢

Belle Il, 0.276 fb~!

103 Belle Il, 0.276 fb~?

o)

—

Z 102 100 PN\ —— e

T ; ;

= 1 |

N 10 N . |

N A Aem—. - fy o o 10F* 2 A i

3 10° ' :

+ 1

L0} : |

T Belle I [L dt = 79.7 fb~?, 90% CL UL 103 | Belle Il [Ldt = 79.7 fb=%, 90% CL UL .

_EI.I 1072 Mz=0 Expected 10 Expected +20 E —Iz=0 Expected =10 Expected +20 |

& - rzr=0_1 Mzr T —— rz' = 0.1 MZ' 1
-3 I ] 1 1 ] | 1 1 e 3 (PR WEPRE AN (PURPRSPRRT RN Rr A ) NEPREr R AN U IEPUNr PPN R SPURr W

5 10 0 1 2 3 4 5 6 7 8 10 0 1 2 3 4 5 6 4 8

Mz [GeV/c?] Mz [GeV/c?]

PRL 130, 231801 (2023)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.231801

Search for Z’ decay in uu

Strategy

Search for di-muon resonance in 4 muon events with 178 fb!

7' model as benchmark;
* Reinterpreted also as muonphilic dark scalar S;\

Selections in brief: may explain: (g — 2), [1, 2]

. . Belle Il prelimina Ldt=178b"
* At least three muons identified; 1800 pore L P v -[
* Total charge zero; —~ 1600 — el Ll
* M(4 tracks) ~ beam energy; % 1400 %:;:}:E;;;’d |
* No extra energy; 2 1200 B e - d (e
* Multi-layer Perceptron (MLP) based background suppression; g 1000
— 800
. 8 600 Y(1 S)
Analysis strategy: =
. . | =
* Fit on the dimuon reduced mass spectrum; L
§|,§ B UL SV, +++¥§ +++”ﬁ+?++fﬂ+¢++i+++x ++++§++ +++++£++L+J.JH+§++++ + Mt 4
ol T I -t
[1] P. Harris, P. Schuster, and J. Zupan, arXiv:2207.08990 [hep-ph]; 0.5 1 2 3 4 5 6 7 8 9 10
[2] R. Capdevilla, D. Curtin, Y. Kahn, and G. Krnjaic,J. High Energy Phys. 04 (2022) 129 M(up) [GeV/c?]
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Search for Z’ decay in uu

Results

No excess found ->90% CL upper limits on the process cross-section: o(e*e’ = X p*p) x B(X = p*p), with X=7', 5
Results translated into upper limits on the coupling constant:
* g'forthe L, — L; model (results comparable to Babar and Belle results with much less luminosity);

e g, for the muonphilic dark scalar S — first limits on S with a dedicated search;

Belle Il preliminary

1g

107

= E
5 P

S w0°F
=) B

e

107

J Ldt=178 fo* Belle Il preliminary J. Ldt=178fb"
1 =
-1
Trident 10 =
%) -
(@] L
S —2
3 107
%m»m ) =
CMS (95% CL
—3
107 E
—90% CL UL [ Expected UL =15 [ ] Expected UL * 26 - —— 90% UL CL [ Expected UL +1c [_] Expected UL + 2¢
T | iy 10—4 - l 1 L1
1 10 1 10
2
m,[GeV/c?] mg[GeVi/c]

To be submitted to PRD
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Search for 777 resonance in uutT events

Strategy [1] B. Batell, N. Lange, D. McKeen, M. Pospelov, and A. Ritz, Phys. Rev. D 95, 075003 (2017)
[2] M. Bauer, M. Neubert, and A. Thamm, J. High Energy Phys. 2017, 44 (2017)
Search for a di-tau resonance with 63.3 fb1:

ete” - utu=X,
X —» ¢t¢—  (first time search)

Z’ model as benchmark. Results re-cast for:
* Leptophilic scalar S [1];

leptophilic scalar -
e Axion-like-particle with tau couplings [2];

300_Bellell [rdt=62.8fb! )

Analysis in brief: g | = e awesacsn |
* Select taus decays to one-charged particle (+nh?©) — 250¢ % . e |
* Event signature is four tracks (2 p) with missing energy; }:* o0l = DS | L‘\ |
* Muons used to compute recoil mass (peaking for signal); = 5 b 1}@“ |
* Dominant background from 4 leptons suppressed by o 150¢ !

M(4tracks) < 9.5 GeV/c%; 8 10pl o Pestiriosir” _
* MLP exploiting the FSR nature of the signal and that the = /_\

system recoiling against the 2 muons is a tau pair. 500 ee Mﬂﬁﬁii

Data/simulation discrepancy from non-simulated/unmodeled processes Yl . - . 5 5 1o

Background determined directly in data Myecon (1) [GeV/c?]
WIFAI2023 — Dark sector particles searches at Belle Il - M. Campajola 12




Search for 777 resonance in uutT events

Results

No excess found. -> 90% CL upper limits on the cross section: o(e*e’ - (X - v't) p*p) = o(e*e’ » X p*p)B(X - T'1), with X = S, ALP, Z'
e Results translated to limits on leptophilic scalar, ALP and Z" mediator couplings:

* First constraints on S for M > 6.5 GeV/c?;

* First direct constraints for ALP = 77 ;

/ O\

Belle Jrdt=62.8fb1 Belle [rdt=62.8 b1

, Belle [edt=62.8 b1
1031 BaBar U 0 6281
BaBar A
1071 i
102 T A | — 103, | .
‘> Belle I, 79.7 fb=! (g-2)ux20
(g =220 |u—J S CHARMI (95% CH)
— 1072 .
101 i E U’
‘j* 102 Cee=Cpy=Crr i ‘. Ty B
- () o ) ,
Lol leptophilic scalar, S | ALP all other couplings =0 1 5 Z ]
—— 90% CL UL Expected UL =10 Expected UL =20 L —— 90% CL UL Expected UL 10 Expected UL +2¢ 10-4 — 90% C|L uL Elxpetted uL ilal Exneclted UL =20
-1 I | | | | |
1073 5 5 6 7 8 9 R 4 5 6 7 8 9 1C 0 2 4 cev S 8 10
ms [GeV/c?] Macp [GeV/c?] mz [GeV/c?]

PRL 131, 121801 (2023)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.121802

Dark Higgsstrahlung search e e, ecat, s pev 0 79, 115008 12009

Strategy

o X €* X ap 1

Massive (spin=1) gauge boson A’ coupling to the SM hypercharge through
the kinetic mixing with strength €:
A’ mass generated by adding a dark Higgs boson h'to the theory [1];

A!*

Searching for A’, h’ production in a dark Higgsstrahlung process,
with the hypothesis of M;» < M,r: h' is long-lived -> invisible. ete™ - A" - W A

Analysis in brief: Observed yields
* two tracks + missing energy and a 2D peak in M?  vs M? . ¢ il ST

* scan and count in search windows; 5F [ cdt=8.34fb1

* Backgrounds mainly due to uu(y), tt, eeuu; /_\

* Analysis selections:
» Two opposite sigh muons, p4" > 0.1 GeV/c;
* Recoil points to barrel calorimeter;
* Low activity in the calorimeter;
* Final suppression exploiting helicity angle;
* C,=1]cos(Bcy, )| flat for signal, peak at 1 for bkg;

104

V/E?]

w

102

Candidates

M ecoil [Ge

10!

-

o

10°

M, [GeV/c?]
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https://doi.org/10.1103/PhysRevD.79.115008

Dark Higgsstrahlung

Results

Search performed with 2019 data -> 8.34 fb!.

No significant excess observed -> 90% CL UL on o and €2 X ap;
* World’s first results for 1.65 < M, < 10.51 GeV and M,,. < M,,

67 = 1073
 Belle Il 90% CL UL 10
5f] cdt=834fb"" ¢ 1074
— 4 h 102
2| a S10°°
Q 2 % X
9. [ 10—6 ~ NW 10—6
= 2f “’
S |
1t 16 107
O ,'- | N N N 1 N N M 1 i " " 1 : s . 1 L L L 1 N 10_8

0 2 4 6 8 10
M, [GeV/c?]
PRL 130, 071804 (2023)
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My [GeV/c?]

Belle Il [£dt=8.34f0" 1 Gayse
| 90% CLUL —— My =2GeV/c?
; —— M =3GeV/c?
i E— th=4Gev."C2
0 2 4 6 8

10

15


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.071804

Light (pseudo)scalars in B-meson decays

Strategy

Transverse view of the
Belle Il detector

Extensions of SM predict dark matter mass generation via light scalar S that
can mix with the SM Higgs boson with angle 6

S could be produced in b to s transitions: b P
« Bt > K*S; :i::; | 3ol 45
* B> K> K*n7)S; < |

At small angles S is long lived:
 prompt K + two opposite signed tracks from a displaced vertex;

.
o
-
B meson

Strategy:

e Look for S decays into ee, uu, nm, KK;

e Search for a bump in the reduced invariant mass of tracks coming from a
displaced vertex: M(x*x™) = \/Ms%ﬁm_ — 4m? Probe lifetimes between

* Require signal B to be fully reconstructed for background rejection (ee — qq); 107 < cr <4m

e SM long-lived KSO mass region vetoed;

» excellent control sample in data to evaluate LLP performance (efficiencies, shapes);

WIFAI2023 — Dark sector particles searches at Belle Il - M. Campajola
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Light (pseudo)scalars in B-meson decays

Results
L ] B*-K*S BO-K™(=K*n~)S
No significant excess observed in 189 fb. T |
* First limits on exclusive hadronic final states; N A
eye . . . = i
* Best sensitivity for direct search for K*e*e™ final state; X g
 Dark Higgs-like scalar interpretation ; S S A
* Pseudo-scalar (ALP) interpretation; o ; ,
X 1070 =1
T i *
"“C 80| Belle li Prelilminary I sl*-—>K+s(—m+nl—) D % 10_7 3 3 E ?‘
S o f Jrat =189 B et @A Mcstat, | .S : "
8 I e e~ —ud/dd/ss + Data n 1 . S 10-8 L. L]
~ 60 B e*e~-Y(45)-B8 B 10 AR IR A\ T N | F ‘ I
S o @] . i W I
=~ 2 10 W 1 B
ﬁ 40 107 8 . W :{“ +|-_-
g , , - 10 ¥ 4
U].D - == 1 P ) A 10 —— — — E..H.H‘ . — —
, _ i [
2:7 . . . . 7 107t ] 106’8”  Prelimi | — cTr=50cm ’i‘
. S BaBar Beie n Pretiminary ] [Lat =189 W L croloem X
2 OO I ——— i E949 NAG2 PS191 [Ldt =189 fbt 10 J)
—25E , . | . ] 10° = ) -8 i
0 1 2 3 a 5 10 10 108 b
M'(m* ™) (GeV/c?) ms (GeV/c2) 10 10 10 10

ms (GeV/c?)
Submitted to PRL, arXiv:2306.02830
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https://arxiv.org/abs/2306.02830

Invisible boson in lepton-flavor violating t decays

Strategy

[1] M. Bauer, et al. Phys. Rev. Lett. 124, 211803 (2020)

Look for an invisible a boson produced in a LFV tau decay

>%a T e M
a->invisible o
o can be an ALP candidate [1].  tag : Lsig -
Analysis in brief: & i i \\(3
* three tracks on the tag side, one track on the signal side (€=e or £=p); Y Ve ' 4

* background from t,,,>2vv

* exploit the shape differences: 2-body decay for signal (peaking in the
normalized lepton energy x,in the tg, pseudo-rest frame) over - Belle Il —4— Data
3-body decay of irreducible background; MO [Lat=628 M B o oy

T=UVV
12000 Other
N~ ; §
. ! T—pa, M = 1.6 GeVic
o 10000; Topa, M =12 GeV/c?
2 [ SR ...... T—pe, M =0 GeVic?
~ 8000} ‘
7] 5 € L
- @ 6000}
> 4
w [
aooof
2000f
approximate T pseudo-rest frame as E__~ ys/2 and /., ~ =7 /|p, | of
e . . 5 & -
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Invisible boson in lepton-flavor violating t decays

Results
[1] ARGUS Collaboration, Z. Phys. C 68, 25 (1995)

No significant excess in 62.8 fb2.
95% CL upper limits on BF ratios of BF(t;, ->€a) normalized to BF(t5y,,—> 2vv);
e 2-14 tighter limits on the previous Argus results [1];

29 K107 x10°3

,;; 20 _ Belle Il - Observed UL . Expected UL + 1 std. dev. ’;:. 25 _ Belle Il —— Observed UL . Expected UL + 1 std. dev.
> 18 - f Ldt=62.8 fb” --- Expected UL Expected UL + 2 std. dev. = I Ldt=62.8 fb --- Expected UL Expected UL + 2 std. dev.
o 16 '3 20k

T 1} T

e 12} v sl

D 10 2

s S 1of

T ©f 1

e 4 e 5]

@ 2} @ |

ST T T s o7 1 1z 14 s N T A L
M, [GeV/c?] M, [GeV/c?]

PRL 130, 181803 (2023)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.181803

Search for the ALP-strahlung T

Results

Search for ALP-strahlung in the 3y resolved final state:

Analysis in brief: ete” - Yy - vya,

e 3y that add up to the beam energy; a-yy

» Search for a peak either in the recoil invariant mass (high
ma) or in the diphoton mass (low ma);

* Background fromyy(y); et e” (y); Py(y) withP =

0 I,
wo,nn,;

photon beam

Used first data from 2018 commissioning run (0.455 fb1);

No excess observed and 90% CL UL on g4y, down to 0(103). )
* First results ever for ALPs @ B-factories : \ f_f--‘

—'-’-

electron beam du

107053 oz 10~ 10° 10
PRL 125, 161806 (2020) m. [Gev/c?]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.161806

Conclusions

It’s a great time to explore physics beyond SM...
* many new theoretical possibilities opened, expecially in the dark sector.

ete™ B-factories provide unique opportunities to explore dark sector;
* Belle Il has an intensive DS physics program and already provided competitive limits on several models.

Results shown today on :

o Z’'searches:Z' — uu; Z' - tt; Z' - invisible; .
e ALP - yy; .
» Dark Higgsstrahlung: A’'h’ A" - uu, h' — invisible;

Invisible a in LFV tau decay;
LLP dark scalar in B decays;

Future prospects:
* Increased luminosity and improved strategies:
« 2ndgeneration analyses with new best sensitivities;
* Will enter into the dark photon business: both visible and (especially) invisible;
e LLP searches will have a considerable weight in the next years;

More on future searches @ Belle Il in the Snowmass report (arXiv:2207.06307)

WIFAI2023 — Dark sector particles searches at Belle Il - M. Campajola
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https://arxiv.org/abs/2207.06307
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Belle Il detector

—
Electromagnetic calorimeter (ECL):

Csl(TU crystals
waveform sampling (energy, time, pulse-shape)

KL and muon detector (KLM):

Resistive Plate Counters (RPC) (outer barrel)
Scintillator + WLSF + MPPC (endcaps, inner barrel)

v

Magnet:

1.5 T superconducting

\

7

e~ rd
(7 Gev) A \
e
” :
iy \ ' Trigger:
Vertex detectors (VXD): \ Hardware: < 30 kHz
2 layer DEPFET pixel detectors (PXD, partially instalted) § Software: < 10 kHz

e+ 4
4 layer double-sided silicon strip detectors (SVD) GeV)

/

)

i)

/]

Particle Identification (PID):

Time-Of-Propagation counter (TOP) (barrel)
Aerogel Ring-Imaging Cherenkov Counter (ARICH) (FWD)

Central drift chamber (CDC):

He(50%):C2Hes (50%), small cells,
fast electronics
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Belle Il trigger

Performances

essential for dark-sector and tau physics

e typical signatures include low-multiplicity of tracks, and energy deposits
in EM calorimeter

* large background from radiative Bhabha and two-photon processes

some of the dedicated low-multiplicity triggers: LQf=====s=m=mmmmd e S —
* single muon -
e combine drift chamber and muon detector information é 0.8 ' single photon L1
* single track: S trigger efficiency
* neural-net based hardware trigger & 0.6]
* single photon: g *
* high efficiency for E(y) > 1 GeV Y _?0.4-
b Belle Il 2019
T 0.2} [Ldt=4.6fb!
1 GeV cluster trigger
0.0

05 1.0 1.5 20 25 3.0
E(y) in c.m frame [GeV]

— Searches for dark sector particles in LHCb/Belle Il (M. Campajola)



Dark Sector searches

Signatures @ colliders

An additional player: mediator lifetime.

For most of the models life-time is proportional to some
inverse power of the coupling and of the mediator mass

lifetime decay length

If decay to SM:

e Short lifetime: prompt decay;

* Long lifetime:
* Displaced decay vertices;

* Decay outside the detector (invisible)

WIFAI2023 — Dark sector particles searches at Belle Il - M. Campajola

(\\|\5 deg’a\‘
(\}g\\% \ON\
xO

coupling

[

t ht deCay
o SM
/(\
S
NN 60/?(
. prompt e
A @2},'))
\\ . \\\\ @
. displaced .
invisible
&5
/O C\'} \\\(}2*
%o s ANEN
Y NN AN0)
Sx, 2 NG
0,;) \\@ R C‘/)]
e 2

mediator mass

25



Dark Higgsstrahlung S

Strategy selle T
. _ _ Preliminary 012 Belle Il simulation B Background
Search performed with 2019 data -> 8.34 fb! I S 10 5
T Of S %8 m,=475cevic?
~ w - My = 3.80 GeV/c?
Signature: T ® = N o0or
L . © 2 =
* Two opposite sign muons + missing energy ~ — , & £ 0.0af C, = |c0s(Opeiicity )
* 2D peakin M?  vs M2 ;: = | signal 2 002l
e scan and count in search windows Belle Il simulation I o BN 7
N . : ' : e 10° 7 0.0 0.2 0.4 0.6 0.8 1.0
* ~9000 2D elliptical windows 5 T e Geveien C,
HY
Observed yieldsP -
| 61 D reliminary 10
Backgrounds mainly due to uu(y), Tz, eeuu  Belle II
5F[ cdt=8.34fb1

& g 10°
V4 ] n
- = [ O}
Analysis in short: 5 . f %
. ite s up o 3 ¥ |1 B
Two opposite sign muons, pr~ > 0.1 GeV/c = | gt % J 10° =
. . . =51 S.n c
* Recoil points to barrel calorimeter g2F e S
* Low activity in the calorimeter = b R 10!

* Final suppression exploiting helicity angle = &
* C,=cos(Bygcir, )| flat for signal, peak at 1 for bkg
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Invisible Dark Photon search

Prospects

In case of DM kinematically accessible we can expect BR(A" - yy) =1
* Invisible searches of fundamental importance

Signature:
* Only one mono-chromatic high-E photon ¥;sg;
e Bump in the photon energy: 102 TR
. z
SM backgrounds: ee—>yy(y), ee—~>ee(y), Cosmics; _
103 BaBar 53 fb’ N
Requires a single photon trigger: : - A
« Bottleneck for previous B-factories; s G T RRTE o T
al . 1ab%” ::_,.:,:_
Expected to perform better than BaBar due to: 1 e 10abY” e
* no ECL cracks pointing to the interaction regions; i s0ab%”
* Trigger threshold lower than in BaBar; P o 05, m = my/3 .
* KLM veto; 10°° P I ; = ””:o
* Smaller boost; m,. (GeV/c?)
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https://academic.oup.com/ptep/article/2019/12/123C01/5685006

Invisible Z’

Results

Cross section UL

Belle Il Preliminary JLdt = 79.7 fb!
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Invisible Z’

Results

Invisible 2" with non negligible intrinsic width:
FZ, == 0.1 MZ, ) 0.15 MZ,

Belle Il Preliminary, 90% CL UL fL dt = 79.7 fb~!

Belle Il, 0.276 fb~1
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Invisible Z’

prospects

Belle Il Simulation, L, — L

Expected 90% CL UL

- Belle 11, 0.276 fb~
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Dark Higgsstrahlung

prospects

af
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ALPsstrahlung

Results

Belle Il searched for ALP-strahlung in the 3y resolved final state;

» Search for a peak either in the recoil invariant mass (high m_)

or in the diphoton mass (low m,) \
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Inelastic Dark Matter and dark higgs

Prospects
* Dark photon A" and dark higgs h' A
* Dark matter states X: and X> with a small mass splitting: ﬂmT

~ X1 is stable (contributes to relic density)
~ Xzis long-lived at small values of kinetic-mixing coupling (&)

- h'is generallly long lived and mixes with the SM higgs
|

g Lf',h“[.nrl]

1 rd
"-.,_ /
» \/ JHEP 04 (2021), arXiv:2012.08595

| X1 . S Experimental signature: up to two displaced vertices + missing energy
L T, . . .
{1 Perform a bump hunt on the invariant mass of the dark higgs M«
[ H‘u‘.
ot : : : : . :
Credit 1o — unconstrained by direct detection experiments, both inelastic

P.Eck . .
cher and elastic scattering suppressed
Transverse view of the Belle || detector
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Inelastic Dark Matter and dark higgs

Prospects

[JHEP 04 (2021), arXiv:2012.08595]
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Light (pseudo)scalars in B-meson decays

prospects
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Figure 15: Projected B — K S sensitivity in terms of 0 as a function of visible S mass for
50 ab™!.
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