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Dark matter searches

Albada et al., Astrophysical Journal (1985)

Dark Matter (DM) e
e It is one of the most compelling H
phenomena in support for physics _ |
beyond the Standard Model (SM) ¢ .t
&t -
> |t exists, awaiting for discovery %
How to search for DM?
Colliders Direct Indirect

e Focus on searches at collider
experiment (Belle 1)

> DM weakly couples to SM
particles, it can be produced
in SM particle annihilations at
accelerators

> Involve light dark sector
mediators too
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https://ui.adsabs.harvard.edu/abs/1985ApJ...295..305V/abstract

Light dark sector

* Light DM with mass of M ~ O(MeV-GeV) theoretically
well motivated

No evidence of DM at electro-weak scale in experiments

* Light dark mediators involved in the interaction with
SM and DM

> Several signatures depending on the relation betweei/

the mediator mass and the DM mass
» Theoretical description through interaction “portals”

* They may solve “DM puzzle” and explain observed
anomalies [1, 2, 3] like the (g - 2),

[1] Abi et al., Phys. Rev, Lett, 126, 141801 (2021)
[2] G. Caria et al. Phys. Rev. Lett.124, 161803 (2020)
[3].R. Aaij et al. Nature Physics 18, 277 (2022)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.141801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.161803
https://www.nature.com/articles/s41567-021-01478-8
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The Belle |l experiment @ SuperKEKB gt @ ove =i

SuperKEKB is a new generation B-factory = asymmetric e*/e collider, mainly operated at v's = 10.58 GeV [Y(4S)]

Belle Il is the upgrade of Belle @ KEKB K. e muon detector ]

. . . -ID effici 1 ~90%
— Hermetic detector with high performances EM Calorimenter [“ heney
o(E): 4% - 1.6% |

424 b collected, currently not in data taking 20 | Particie ID system
. \"’ " ‘ ni-fake-rate: 5%

Well known initial-state condition and clean (7 Gey - A

environment (Low/no pile-up) M )

spatial resolution: 100 pm

Dedicated low-multiplicity triggers

Central Drift Chamber
dE/dx resolution: 5%

i I/I!/ —~ ilc
\ l Jm—

e+
prresolution: 0.4% S \ oJ) Aea (4 Ge\/)
> Suppress high-cross-section QED processes / Y 4 —~—

without “killing” the signal .&\ *

> Precise knowledge of acceptance and efficiencies Vertex detector RSN
vertex resolution: 15 um

of the detector required ‘

> Example: single-photon trigger available in the full collected data set
— makes Belle |l dataset unique

Excellent reconstruction capabilities for low multiplicities and missing energy signatures
Belle Il Physics Book, PTEP 2019 12 (2019) 3


https://academic.oup.com/ptep/article/2019/12/123C01/5685006
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Recent dark sector
results at Belle Il
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Search for an invisible Z" boson [zt s

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

» Massive Z’' boson with a coupling g’ only to leptons with u- and t-lepton numbers (L, - L. extension of the SM)
[1,2,3]

. L, - L. model Z’ branching ratios in leptons
> |t may explain (g - 2), anomaly and DM abundance et & P
= L R R AL LA N NN NN B LR
.
* Possible decays: &F * BRZ—wv
? e * BRZ -y
> Z' = invisible (worxx), Z' = uy, Z' = 1t + BRZ'> v

0.6

« Z'—>invisible (Z' = vv/xx) e

0.2

> If light DM x kinematically accessible exists,
BR(Z' = invisible) = 100% S T T N T N N 11 N D
M, [MeV/c?]

> Profit from the excellent Belle Il capabilities for missing

energy signatures XV
> Searched for through the process e*e = u*u 2z, Z’ = inv.
> Signal signature is a narrow peak in the recoil mass of the E, v

two final-state muons K_’
Moo (Mp) = s+M(up)* =2/5(ES +EM) 4

21t Lomonosov Conference, August 24-30, 2023. Luigi Corona recail


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.113004
https://link.springer.com/article/10.1007/JHEP02(2015)157
https://link.springer.com/article/10.1007%2FJHEP12%282016%29106

10°

0 ete »ete utu- Belle Il det=79.7 fb~1
. Bl ete »TttT(Y)
10° F ete sutu(y)
¢ Data

Search for Z' = invisibile

I. Adachi et al., Phys. Rev. Lett. 130. 231801 (2023)

Preliminary

103
» Searched for through the process e*e = u*u 2z, Z’ = inv.
102

e Challenging e*e = 't (y) suppression tackled with neural

01
network trained simultaneously on all Z’ mass hypotheses [2] .

10°

Candidates / (0.5 GeV?/c*)

> Based on Z’ property to be emitted as final state radiation X
(FSR) from one of the two muons in the final state 1075 20 40 60 80

rec0|l [GeVZ/C4]

» Different origin of missing energy with respect to main 10° ¢ :
background components Belle I, 0.276 fb™ | g
10—1 S : _:
* Remaining background from ete- = u*u (y) and ete” = ete utu (y) ‘
i',"il.'NA64 e
F 2D fi ignifi found in 79.7 fb! o 107 i'i > el E
* From t, no significant excess found in 79. e Tz > mv) _ 100%|
> (g - 2), region escluded for Mz € (0.8, 5.0) GeV/c? 107 Belte Il Preliminary [kt = 787 i, 90% €L L
fOF I—(%; N inv.) — 100% T | — z2=0 Expected +10 Expected +20 |
[1]1. Adachi et al. Phys. Rev, Lett. 124141801 (2020) [~ '= =M
[2] F. Abudinén et al., Eur. Phys. J. C 82,121 (2022) 0 1 > 3 4 £ 6 7 8
Mz [GeV/c?] 5
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.231801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.141801
https://link.springer.com/article/10.1140/epjc/s10052-022-10070-0

Search for a pyu-resonance in e*e” = wru Ut

., candidate
recoil

* Four-track final state with at least three identified as muons
> Four-track invariant mass compatible with collision Vs

> No extra energy

» Signal signature is a narrow peak in the opposite-charge

di Mi(up) 1800 —
I-muon mass Uy 1600 Belle Il preliminary - e'e o pup
: . . . O 1400 J.Ldt=178fb'1 Bl e > v
* Challenging aggressive suppression of main SM S B o'e = ooy
background e*e = ptpptp = 1200 B e o )
S I o'~ d(arudios)
. . . e'e” — qq (g=u,d,c,s
> Based on classifiers trained exploting the features T 800 =
of kinematic distributions in signal events Qe
=
=
L

» Presence of a resonance in both candidate and
recoil muon pairs

1.5 From T T T T T

AL W* +++ filt ++ ++++ ++++++1+++++++ f +++ +4h ++++H+ H# )
T . T i
H 1 M Z H H H H +
1 2 3 4 5 6 7 8 9 10
M(up) [GeV/c?]
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Signal extracted through fits to M(up)



https://indico.desy.de/event/34916/contributions/147613/

Search for a ppu-resonance in e*e” = puutu’: results

Y& New for EPS-HEP2023

[1] P. Harris et al., arxiv-2207.08990 (2022)
[2] S. Gori et al., arxiv-2209.04671 (2022)

» No significant excess found in 178 fb™!

> Competitive 90% CL upper limits on the g’ coupling of the L, - L. model (Z’) with BaBar (> 500 fb)
and Belle (> 600 fb!) results

> First 90% CL upper limits for the muonphilic scalar model from a dedicated search [1, 2]

Belle Il preliminary J Ldt=178 0" Belle Il preliminary j Lat=1781"
18 1e
- - muonphilic dark scalar
10_1 H Trident 10—1 -
[} I o -
5 2 o) 2
—< @] o = =
5 107§ 8 107
- u | =
: CMS (95% CL, I
107 , 103 E
= Z’ of the L, - L. model =
K ——90% CL UL [ Expected UL + 1 [] Expected UL +2c B ——90% UL CL [ Expected UL +16 [ Expected UL +2¢
1 0—4 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 1 1 0—4 1 1 1 k 1 1 1 I 1 1 1 1 1
1 10 1 10
m,[GeV/c?] mg[GeV/c?]
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https://arxiv.org/pdf/2207.08990.pdf
https://arxiv.org/pdf/2209.04671.pdf
https://indico.desy.de/event/34916/contributions/147613/

Search for a tt-resonance in e*e = WU T'T

> Eight classifiers trained on different regions of recoil mass

» Based on resonance X properties (FSR) and tt system

> Background measured directly on data to minimize
impact of not correctly simulated backgrounds

> Smooth background — not problematic
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Four-track final state: T decay in t = Ivv, T = hw

Signal peaks in the recoil mass of u*p” Miecoi(Hp)

Signal extracted through fit to M,.i(uu) distribution

Entries / (100 MeV/c?

—>

Challenging background rejection to reduce event contamination
with missing energy not associated with signal signature
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[rdt=62.8fb!

Events / (5.2 MeV/c?)

Data — fit

OData

10~

— Signal+background
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W ete =1 1"
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https://arxiv.org/abs/2306.12294

Search for a tT-resonance in e*e” = u*uT'T: results

[1] J. P. Lees et al., PhysRevlett.125.181801 (2020)
[2] M. Bauer et al., JHEPQ9-056 (2022)
* No significant excess found in 62.8 fb!

> First limits at 90% CL for a leptophilic dark scalar S model with ms> 6.5 GeV/c? [1]

> First direct limits at 90% CL for axion-like particle ALP = tT [2]

Belle II Jrdt=62.8fb? Belle Il Jrdt=62.8fb!
1030 BaBar " il
BaBar
10%y { — 103} ]
/ T
(g-2)ux20 %)
l_
o 1 L.
10* ¢ 1 <
=
U:‘a 102 L Cee=Cuu=C'r'r -
, / - all other couplings = 0
10° = |
g| —— GDWELUL Expected UL +10 Expected UL +20 —— 90% CL UL Expected UL =10 Expected UL +20
R L L ' : L ' 1 L 1 L \ | |
1073 4 5 6 7 8 9 10 g 4 5 6 7 8 9 10

ms [GEV/CZ] MmaLp [GeV/CZ]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.181801
https://link.springer.com/article/10.1007/JHEP09(2022)056
https://arxiv.org/abs/2306.12294

Long-lived spin-0 boson in b = s transitions

I. Adachi et al., arXiv:2306.02830 (2023)

» Search for a new scalar S in B meson decays in b = s transitions

> 5 can mix with SM Higgs boson with mixing angle 6
— natural long-lived particle (LLP) for small 6,

> High performance in [P vertex reconstruction are necessary

* B meson decays /v B*—K*S
B'-[K™ - K*z7]S

‘i: 80 - Belle Il PreI;minary I BL—»K+S(—>n+nL)
> Eight exclusive “visible” channels S—ee/uul nnl KK S o f Jrae =189 B ete oo FA MC stat. |
MHUITTTTT Q e*e~-ul/dd/ss + data
reconstructed 2 6o - e*e‘-»Y(zig;jiBB
. 8 50 | Mreduced P \/M2 —4m2 |
> Prompt decay of K or K* + opposite-charged tracks 2 a0l il e
that make a displaced vertex o .
B 30}
©
> Backgrounds: combinatory e*e = qq, Ks vetoed in M, mass, 5k
additional peaking backgrounds suppressed with #* 10
tighter selections on displaced ver‘ticw—> 0
g 15F | E
» Signal extracted through fit to the LLP reduced mass, e A S A R R P DR ‘ o
. . - 05F * * ]
separately for each channel and lifetime . . . .

0 1 2 3 5

reduced
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https://arxiv.org/abs/2306.02830

Long-lived spin-0 boson in b = s transitions: results

|. Adachi et al., arXiv:2 2830 (202 Limits for each channel and lifetime
* No significant excess observed in 189 fb!

BB bR S) x BlS—e*te-)

> First model-independent limits at 95% CL on
BR(B = Ks) - BR(S = x*x")

|
x
+
>
T
L)
> First Iimits on decays to hadrons 0 10_3 Be.'.'el.l! Preliminaryl Beﬂelﬂ F'reliminaryl
. [1] Phys. Rev. D 101, 095006 (2020) X S e e W
* Interpretation as dark scalar 5 [1,2]  [2] LPhvs G Nucl Part Phvs. 47010501 gy _ [ 0 L e
QD L) ¥ 10 L
cC
-G E 10_7 L
Qo Q
% ey g 10—8 Beﬂelﬂ' Preiiminary. Bsﬂelﬂ Preliminaryl
o —I BB* =K *S) x B(S~*1") I S —
c O %
= 2 107 M :
£ e [
[9)] = I w I
Belle Il Preliminary Belle Il Preliminary
BB +—I'K*'Sl x B(S—'Flf*'K') B(B“-'IK"’S] x B(S-'KI*K‘)
BaBar W L
E949 PS191 B Belle Il Preliminary I Beﬂe.ﬂ F’reliminary. I Beﬂe.ﬂ Preliminary.
-5 . . -1 0 -1 0
10 =
10 10° 10 10 10 10
2
scalar mass ms (GeV/c?) (pseudo-)scalar mass ms (GeV/c?)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.095006
https://iopscience.iop.org/article/10.1088/1361-6471/ab4cd2
https://arxiv.org/abs/2306.02830

3-prongdecay h

T = | a (invisible) decay w1

» Charged-Lepton Flavour Violation (LFV) is allowed in various SM
extensions — it has never been observed

ﬁthrust
eu : .
. . +  signal
» t-decays in new a bosons that mediate LFV processes are i a 1lepton track
predicted in different theoretical models [1]
[3 ~ Fmg
» Search for e*e = T Tiag, Ttag = 3TV . i, T Prag
R M E, ~+\/512
* The presence of neutrinos does not allow to define
the reference frame in which 7 is at rest Belle I PR
14000 i DO Total uncertainty
JLdt=62.8 0" \ S, -
. N o \.
> Introduce the approximate t.;, reference frame 12000 3 \ e M= fa e
< 100001 R .'. T-H0, MZ = 1.2 GeV/c?

...... T, M_= 0 GeVic?

8000

» Search for a peak in the normalized energy spectrum of the x, = E;/(m_[2)

6000

Events /0

lepton x; (in the approximate T4, reference frame) over the

irriducible SM t = [ v v background 4000

|

2000

[1] M. Bauer, et al. Phys. Rev, Lett, 124, 211803 (2020) 0
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.211803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.181803

T — | a (invisible) decay: results

I. Adachi et al., Phys. Rev. lett. 130, 181 202

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

* No excess observed in 62.8 fb!

> Limits from 2.2 to 14 times more stringent with respect to the previous existing limits set by ARGUS [1]

22 f<1 0 %107
’;‘:. 20 - Belle I —— Observed UL . Expected UL + 1 std. dev. ’;;: o5 _ Belle Il —— Observed UL . Expected UL + 1 std. dev.
|>°’ 18 - JLdt =62.8 b --- Expected UL Expected UL + 2 std. dev. |>1 J.Ldt =62.8 fb" - Expected UL Expected UL + 2 std. dev.
‘o 16fF '3, i
kb Toea " 201 T=ua
AL e
Q 10 Q
5 —_
' 8 3
o :
[ 4 F T
s : r
g 2 : |
O . . L L . L . L L . L L 1 L L . L 0 -I 1 L 1 1 L 1 L l 1 L 1 1 L 1 L
2
M, [GeV/c?] M, [GeV/c]
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https://link.springer.com/article/10.1007/BF01579801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.181803

S umima ry an d con CI us i ons Snowmass paper arxiv:2207.06307

, Belle Il Simulation, L, = L Expected 90% CL UL
10 Belle I, 0.276 fb~!
) i
10 F 73
* Belle Il has a unique sensitivity to light dark sector and progressively oL 7 “invisibile” 7

will lead its exploration at luminosity frontier

10~ B

> Complementary results to higher energy colliders and beam-dump

experiments oL JLdt = 80 b |
[L dt = 500 fo1 -reme fLdt = 5ab?
> World-leading results already published with partial datasets T 5 S —— JLdt = 1ab? JLdt = 50ab~" -
(< 424 fb"), updates and new results are coming! e e o

mz [GeV/c?]

v

Search for an invisible 7’ in ee = puuz’

v

. . 5 .
Search for a resonance decaying to pu in ee = yuup events Belle Il target integrated

luminosity is 50 ab

v

Search for a resonance decaying to tT in ee = uuTT events

v

Search for a long-lived spin-0 boson in b = s transitions

v

Search for the LFV t— [ a (invisible) decay

Thank you!

14
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.231801
https://indico.desy.de/event/34916/contributions/147613/
https://arxiv.org/abs/2306.12294
https://arxiv.org/abs/2306.02830
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.181803
https://arxiv.org/abs/2207.06307
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Belle Il perspectives

Luminosity projection (plan for next years)

10
”
c 8
(@]
2 6t
X,
>
‘54
(@)
£
¥4
S o0
ol 2019

— | peak(Target) J

__r:zl’_‘-" “-’//_ L 10 107" 10
2024 2029 2034 2
mz [GeV/c?]

Int. L[ab-1]

Long shutdown 1 Long shutdown 2

We are here!
@

» Target integrated luninosity: 50 ab™

» Target peak luminosity: 6x10% cm? st

60 _
S .
g Snowmass paper arxiv:2207.06307
30 Q Belle Il Simulation, L, — L. Expected 90% CL UL
10
% Belle II, 0.276 fb~1
140 &8 o' L
c PN (3 L n
130 3 7" “invisibile
S
o
20 @, i
—*
< otk [Ldt = 80fb~? i
g e JLdt = 500 b1 —-eom JLdt = 5ap7?
= 0 0 e=s det= 1ab-l = det=50ab‘1—
D = 1 I0

424 fb7 collected

Obtained results are strongly limited by statistics
- World-leading results already published with early

datasets (< 20% of the collected dataset of 424 fb™)

* In next years, Belle Il will collect 100-times the
dataset collected up to now

> The best is yet to come!
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https://arxiv.org/abs/2207.06307

Experiments at B-factories

. . . . o
e Asymmetric e*e colliders optimized for the production of £, 20
B meson pairs, but also D mesons, T leptons, ... 0
(@]
« Collisions occur at Y(nS) resonances s f
T
> Mainly at Y(4S): Vs = 10.58 GeV _ + 10 . T(3S)
just above the production threshold of BB | ) Ih
BR(Y(4S) — BB) > 96% e fv A
L s5| ;o AN -
« Asymmetric beam energies: boosted BB pairs, o | Fiof ML e S SR PN T, S8 TP
for CP-violation time-dependent measurements o .
9.44 9.46 18.0010.02 ’10.34 10.37 > 10.54 10.58

* High peak luminosity L > 103 cms?

ete” Center-of-Mass Energy [GeV]

BABAR@PEP-II, SLAC (USA)
1999-2008, [ Ldt = 0.5 ab™

Belle@KEKB, KEK, Tsukuba (JP)
1999-2010, [ Ldt = 1 ab™

First generation of B-factories

Integrated luminosity of B factories

1
(fb) >1ab?

On resonance :

Y(58): 121 b
@ Y(4S): 711 fb !
Y(38):3f"
Y(28): 257"
Y(1S): 6"
Off reson./scan:
~100 b~

" Tot: 1.5 ab?

600 -

Y(3S):30 !

Y(2S): 14 b~

Off resonance:
54fb!

1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1
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Interaction
Region Belle Il detector

SuperKEKB

* New generation of B-factory that provides luminosity to
the Belle Il experiment

> Asymmetric beam energies: e (7 GeV) / e* (4 GeV)
Operating mainly at Y(4S), but foreseen runs from Y(2S) to Y(6S)

electron / positron
linear injector

> Designed to reach the world highest peak luminosity with the nano- a2 ¥
beam scheme X
positron damping ring
Nano-beam scheme 103
—> _ 1035
B," ~ 1/20x v
| ~1.5x SuperKEKB 5
-1(A) ~ 1.6/1.2 - 1(A) ~2.9/2.0 2.
- B.*(mm) ~5.9/5.9 — - B.*(mm) ~ 0.3/0.3 g 10
Y 30x peak luminosity Y £
3 1032
* World record luminosity on December 2021: 3.8 x 1034 cm2s 3
- lle/e") = 820/1034 mA and B * = 1 mm 107 f
TRISTAN
» Target peak luminosity: 6.5 - 103> cm2s™ 1030 FETiA

1970 1980 1990 2000 2010 2020 2030 17
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First collisions during commissioning run
Belle Il at SuperKEKB First collisions dur
> 0.5 fb* collected in 2018
* First collisions with the full detector on March 2019

K. e muon detector . .
. ] [ p-ID efficiency: ~90% ] > ~ 430 fb! collected in 3 years of data taking

By = 0.28 |

EM Calorimenter
o(E): 4% - 1.6%

* Target integrated luminosity of the Belle II
Particle ID system ] experiment: 50 ab* (x30 Belle + BaBar)

ni-fake-rate: 5%

e (7 Gel/

Belle Il Online luminosity Exp: 7-26 - All runs

mmm Recorded Weekly

Central Drift Chamber
spatial resolution: 100 pum
dE/dx resolution: 5%
prresolution: 0.4%

. 400

F 300

Vertex detector
-+ 200

vertex resolution: 15 um

Total integrated luminosity [fb=1]

=
o
o

e Major upgrade of Belle@KEKB — better
resolution, particle identification (PID) and
capability to cope with higher background

Total integrated Weekly luminosity [fb~1]

* Covers more than 90% of the total solid angle 2019 2020a-b 2022
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LOW'mUijIiCity triggers 1.0 ' e I
9
C 08'
.g soglia
* Two-level trigger E 06l nuovi Trigger di singolo fotone
o trigger soglia di effecienza a 1 GeV
> Hardware-based Level 1 Trigger (L1): < 30 kHz g : }
0.4¢
(@)
> Software-based High Level Trigger (HLT): < 10 kHz 5 | Belle 11 2019
Devised e tiolicity tr i D0.2 | [Ldt=4.6 fb~?
. Vi [ w-m icity trigger lin '
evised specificio ultiplicity trigge €5 : 1 GeV cluster trigger
> Suppress high-cross-section QED processes 0.0 0.5 1.0 1.5 2.0 2.5 3.0
without “killing” the signal E* [GeV]
12F { éDC full trackls { Slingle track | t ECL ;anergy
> Precise knowledge of acceptance and efficiencies ., MC eff for taulx1: pipi topology
of the detector required © Lilip===========3 I i
= e BB bl g -
» Examples S 08
. . ;0.6— . & .."'00
> Single-photon trigger 9 ) s
24l } by
. . S ¢
> Single-muon trigger = '
W2t _ _
> Single-track trigger | I?elle I S‘lmulia-tloln“
O'OO.O 0.5 1.0 1.5 2.0 2.5
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Axion-like particles (ALPs)

* GeV-scale ALPs: pseudo-scalar portal mediator between dark sector and Standard Model

o If ALP-photon coupling (g, ) dominates, than BR(a — yy) ~ 100%

YY

* Focus on mass region where ALP decay is prompt and photons can be well by Belle Il
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Search for an ALP at Belle Il V< 685 Gav/e

F. Abudinén et al., Phys. Rev. Lett. 125. 161806 (2020) ren - PoDa
= ool Belle 11 (2018) B g E Eigije!‘;:)“”
N& det = 445 pb E 3 MCs .unce!rtainty
. > L (b) 3
« Event selection: 3 ER
— 400 §1
> electromagnetic calorimeter trigger (efficiency ~100%) 5 _— 2
I © 04 06
© 2 214
. . . . . . T 200 M2, [GeV</c?]
> three-y invariant mass compatible with collision Vs 5 "
8 100
- Signal signature is a narrow peakin M?> orM? . g
(depending on best resolution of signaly‘[()eak) - ° 20 20 °0 80 100
2 2/~4
My, [GeV</c®]
» Largest background from e*e = yy(y) .
1072 S
D
* Segnal extracted through fit — s Belle II
~ H g
|
. 1 > 1073 N
> No excess observed in 0.445 fb- e 2
5 N
> Upper limits at 95% CL on Sy - f—,
> World-leading limits for m, ~ 0.5 GeV/c? e o e ; Gayz =0
10—5 d PR v ar i PR W A R AT | P
103 1072 107! 10° 10!
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.161806
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Search for a dark Higgs (and dark photon)

Dark photon A’

- kinetic mixing with SM photon with strength ¢ [1]

- mass produced by the Higgs mechanism involving a dark
Higgs boson [2]

Dark higgs h’
- couples to A’ with ap
- does not mix with SM Higgs

Both A’ and h’ can be produced at e*e” colliders through the [1] P. Fayet, Nucl. Phys. B 187, 184 (1981)
> ete >A*->AN §
Different signatures depending on h’ mass % 2
.
> M, >M, :prompt decay h"—> AA", up to 6 tracks in the final state. P 7’><
Investigated by BaBar(2012) and Belle(2015) Q’e}\v R % .
> M, <M,: h'is long-lived, thus invisible. s 5
Investigated by KLOE(2015) g Belle ||1|
, searc |
Belle Il focuses on the invisible h’ A o
KLOE MA/ 22



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.108.211801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.211801
https://www.sciencedirect.com/science/article/pii/S0370269315004372?via%3Dihub
https://www.sciencedirect.com/science/article/pii/055032138190122X?via%3Dihub
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.79.115008

Dark higgsstrahlung at Belle Il

ete = A'h, A' = uu, h' = invisible

Same final state as for the invisible Z’, similar backgrounds:
efe > T'T (y), ete = W (y), ete = eteu'uw

Signal signature is a 2D peak in the recoil mass vs the dimuon mass
Event selection

> Two reconstructed muons, p+ > 0.1 GeV/c

> Recoil momentum in the ECL barrel, no nearby photon

2> Cut on dimuon helicity angle

M ecoil [GeV/c?]

()}
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efficiently suppress background , 0
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» Signal extraction through 2D fit
iN Miecoit VS My, plane in elliptical )

Belle Il Simulation

My=6.5GeV/c?
My=2.7GeV/c?

o
/ Elliptical mass

windows

Entries

M, [GeV/c?]

40

windows

*Conceptual, not to scale

41

42

M2, [GeV?/c*]

a3

44

21t Lomonosov Conference, August 24-30, 2023. Luigi Corona

104

_ 103

_ 102

Candidates

101

10°

23


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

Dark higgsstrahlung at Belle Il: results

1073
1074
* No significant excess in 8.34 fb"
> 90% CL upper limits and world leading limits for S 107
1.65 < My < 10.51 GeV/c? X
w 107°
6
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.071804

Search for dark photon A’

U(1) extension of the SM

New massive vector gauge boson, A’, with a coupling to the Standard Model photon through the kinetic

mixing mechanism, with strength ¢ [1,2] Dark photon field
ark photon fie

/
Lint = ecA “ng

Interation strenght

This gauge boson can be produced at e*e” colliders through different e'e >y A A - X% SM)
processes: 5

- direct production: e'e >y A % s X, SM
- meson decays: = Ay e 4

- dark higgsstrahlung: ete > A" > Ah A

Direct production with ISR particularly interesting: e‘'e’ > y A’
Two basic scenarios depending on dark photon mass: %
> M, >2m :invisible decay A’ — XX e N\

> M, < 2mX: visible decay in Standard Model particles
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https://www.sciencedirect.com/science/article/pii/0370269380904888?via=ihub
https://www.sciencedirect.com/science/article/pii/055032138190122X?via%3Dihub

. Invisible dark photon

o e'e >y A (A >inv)

> Single photon search: single photon trigger needed, present in

the full Belle Il dataset

10° T T T TR
w i
-3 —

10 INE
107 —
0p=05,m =m,/3 i

10_5 1 1. L1l I 1 Il 1 1 1 111 I 1 1 1 111 II-F
1072 107 1 10

m,. (GeV/c?)
[1] Belle Il Physics Book, PTEP 2019 12 (2019)
[2] Less et al, Phys. Rev. Lett. 119. 131804 (2017)
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vy, with an undetected i 103
photon S Bl

o 10?
YYY, with two —
undetected photons O 3}

5 10!

. w2
e*e’y, with e*e out of
detector acceptance 1l 100
SNy Belle Il simulation
g 50 100 150
Bcm [°]

Belle Il expected to perform better than BABAR [2]:

- smaller boost: larger acceptance

- muon detector veto: reject events with a photon
undetected in the calorimeter (efficiency currently
under study)

- better calorimeter hermeticity
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https://academic.oup.com/ptep/article/2019/12/123C01/5685006
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.131804

. Visible dark photon

e BABAR [1]

>

>

>

Full dataset of 514 fb!
Dark photon visible decay in e*e” and pu*u final states
Signal signature, bump in the dilepton invariant mass

Background: QED processes e‘e” — e*e’(y),
e*e’ = u*u(y) and resonant backgrounds from J/y,
YP(2S) etc. (vetoed)

Upper limits at 90% CL kinetic mixing strength € at
level of O(10-2):

¢ LHCb [2]

>

Best limits in the mass range 200 -700 MeV

» Belle Il is expected to achieve the leading sensitivity [3]

>

Search in preparation

[1] J.P. Lees et al,

[2] R. Aaij et al, PhysRevlett.124.041801 (2020)
[3] E. Kou et al, Prog Theor Exp Phys (2019)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.201801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.041801
https://academic.oup.com/ptep/article/2019/12/123C01/5685006?login=false

Search for a tt-resonance in efe = u'utt: Z’

. . . . -1
No significant excess found in 62.8 fb Belle Il fﬁdt —62.8 fb-1
10 ——
> 90% CL upper limits on the g’
coupling of the L, - L, model (Z’) -
10_1f
Belle Il, 79.7 fb~1 (g2
St (950/0 L)
1072}
1073
— 90% CL UL Expected UL =10 Expected UL 20
10—4 P S E S S S
0 2 4 6 8
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