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http://belle2.jp/

SuperKEKB vs KEKB SuperKEKB no“ !

* Upgraded rings — 6x1035 cm-2s! . .
> Increased currents j o Belle Il Online luminosity Exp: 7-35 - All runs
)(10 x30 Integrated luminosity . . L 600
° Nano-beam scheme _ mm Recorded Daily N LS1 "
> New F|na| FOCUS magnets (QCS) 'I-g IR B (F— ff'ﬁéc'ﬁ'rd'é'ddt'#'5?5'-'47'”13'_'1']” } ........................................................................... 0o
» Large crossing angle % < Run 1: 427 fbl g
E 20 R R . B I 400
Belle [Ldt =711 fbl N | —
a - 300
Run 1 (2019-2022) 5 l
e Collected 427 fbL 1% Belle data size ;% 1.0 e |’ | ................................................... ettt S0
~1 Babar data size E
E [ )1 T PEETCCTUMUPURUNN || || WSSO [ JUU | | | WSS WU | | OO —— 100
Run 2 started in spring 2024 .‘
* Upgraded detector (PXD2, TOP PMT) 0.0 Lill—ti—ll | | 0
* World record luminosity 5.1x10%*cm?s* > >
’L ’L ’L P 4y

e Largely dedicated to machine studi

Final goal : 50 ab? Restart data taking in November 2025
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SuperKEKB now

Run 2

* Back to operations at ~4x1034cm2s!

Sudden beam losses (SBL) happened frequently
» Significant beam charge loss (> a few %) that occurs suddenly without any
precursory phenomena
» Very large dose in the detector

Two such losses led to damage of 2% of the new PXD installed during LS1
» Turned off PXD as a precautionary measure until beam loss mitigated

So far Run 2 largely dedicated to machine studies
» ~130 fb! collected

Now confident to have reached comprehension of how SBL start
» Remediation begun during past summer shutdown and extend through 2025
» Restart data taking in Fall 2025




Belle Il de
KLM

ECL K, and muon detector
i ID-eff: ~90%

EM Calorimeter
O(E): 4%-1.6%

TOP + ARICH

particle identification
fake-r rate: 5%

central drift chamber

spacial resol: 100 pm , - = 2 Trigger:
dE/dx resol: 5% i = L1: < 30 kHz
p, resol: 0.4 % " A HLT: < 10 kHz
2 ns
s ' MG@ V) Dedicated lines for dark physics:
PXD + SVD Single muon
vertex detector 3 §ing|e track
/ vertex resolution: 15 um y Single photon y
2 layer pixel detector (PXD) 2" incomplete in Run1l soer
4 layer double-sided strip detector (SVD) D-‘Sp\aced-\lertex trigg

under study
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What can we do at B-factories that we can't at the LHC?

Closeness to the light region
Clean, low background, «energy conserving» environment, closed kinematics
3d momentum conservation, as opposed to p;
Full Event Interpretation
Low multiplicity signatures
Missing energy channels
Invisible particles, often in closed kinematics regime
» Also an extreme case of LLP

Some fully neutral final states accessibility 5(e*e— BB) ~ 1.1 nb
Dark sector signatures in B and T decays — c(ete—> 1*1) ~ 0.9 nb

Cleanliness and luminosity compensate for cross section - competition




Belle Il dark sector search overview: me

Shown todah

LoL,

Z’ - invisible
Z' > pp
Z' a8 ‘

(LLP) Axion like particles et al
B—h X, X— invisible A

Axion like particles
i -

LLP dark scalar in B decays

B2>KS S—>ee, up, nrm, KK

Axion like particles
B—>Ka, a>yy —

LLP Dark Higgsstrahlung with IDM
A K> W Spa am KK

Not shown today

Axion like particles
ALP->yy

Invisible a in T decays
=>la

Dark Higgsstrahlung
A'h" A'=>upy, h' invisibile
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Z’: L, - L. model

Gauging L, - L., the difference of leptonic p and t number
A new gauge boson which couples only to the 2" and 3" lepton family

Anomaly free (by construction)

Sterile V’s
> dark matter puzzle <

It may solve

Light Dirac fermions

Shuve et al. Phys. Rev. D 89, 113004 (2011’.
Altmannshofer et al. JHEP 1612 (2016) 106
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.113004
https://link.springer.com/article/10.1007/JHEP12(2016)106

L,-L; model: Z" to inv

vl

ITI VI H
H X bands in 6recoil Vs I\/Izrecoil
due to y lost in ECL gaps

Lp"—:
' > invi%

TV, X

e*e 2 u*uw + missing energy
Look for bumps in recoil mass against a p*p- pair

Main backgrounds:

e'e” > puu(y)
ete > 11 (), T > ptvv
efe" > efe uw

FSR vs ISR + T decay

NN trained to optimize Punzi FOM
Eur.Phys.). C82 (2022) 2,121

Candidates / (0.5 GeV?/c?)
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https://link.springer.com/article/10.1140/epjc/s10052-022-10070-0
https://link.springer.com/article/10.1140/epjc/s10052-022-10070-0

* No excess found

e Set 90%CL exclusion limits on cross section and coupling

olete > u*u~ (Z'-inv.)) [fb]

» Vanilla scenario: Z’ decays to SM only
» Fully invisible scenario

Cross section

L Belle Il, 0.276 fb-L
103 |

102 |
10! f
100 |

10~ |
| Belle Il [L dt = 79.7 fb~%, 90% CL UL

/

- ]
[ 2]
R

Z’ to invisible: results

10° g

1071

oy 1072

10-3

Coupling

Belle Il, 0.276 fb~!

.
e

.
.-
-

- Belle Il [Ldt = 79.7 fo=%, 90% CL UL

f —— [2=0 Expected +10

Expected *+20

102 — z2=0 Expected +10 Expected +20
[ == T2 =0.1Mz ] === [22=0.1 My
=3 L D 10—4 TR BT (PRSI U SN SYURE TR, HRTR | T
10 0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
Mz [GeV/c?] Mz [GeV/c?]
9
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.231801

Z’ to invisible: results Ne

* No excess found

e Set 90%CL exclusion limits on cross section and coupling

olete > u*u~ (Z'-inv.)) [fb]

» Vanilla scenario: Z’ decays to SM only
» Fully invisible scenario

Cross section

L Belle Il, 0.276 fb-L

102 |
10! f
100 |

10~ |
| Belle Il [L dt = 79.7 fb~%, 90% CL UL

| A

T——

10° g

1071

o 1072

10-3

Coupling

Belle Il, 0.276 fb~?

.
-,

.
.-
-

- Belle Il [Ldt = 79.7 fo=%, 90% CL UL

Expected *+20

102 — =0 Expected 10 Expected 120—; | ——Tz=0 Expected *1o
[ == T2 =0.1Mz ] === [22=0.1 My
e I T T T S S N B R 10—4 ] M N
10 0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
Mz [GeV/c?] My [GeV/c?]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.231801

L,-L. model: ' =5 pp

LM-Lr Reinterpreted also as
Z’ > up * Muonphilic dark scalar S - (g-2),,

e'e” o W put

A-track mass ~\'s

No extra energy - [Lat=1781
Signature: narrow M(up) peak 1800
§ 1400 §
Main background: SM e*e” - pfu utu 2 1200
g 1000 f
Aggressive background suppression through NN T 800
based on kinematic features o 600
* Characteristic background momentum scale g A00f
: 200 F
e Signal as FSR iy > ot
* uu helicity angle 15
Fits to M(up) 05— é :'3 e HS w1

M(up) [GeV/c?]



https://arxiv.org/abs/2112.08377
https://arxiv.org/abs/2112.08377
https://arxiv.org/abs/2112.08377

T ——

L,-L; model: 2" - pp

L,-L Reinterpreted also as
Z' - pp * Muonphilic dark scalar S - (g-2),, p

- R0 109 1
12015
* No excess 2024

* Limits on Z’ similar to BaBar (514 fb!) and Belle (643 fb-1) with much lower luminosity
* First limits for the muonphilic scalar from a dedicated search

Belle II JL dt=178fb" Belle Il IL b ]
1g ; 1=
= ) E
1 0_1 =5 Trident 1 0—1 -
[o) i I n » |
= i % N ? B "
s G Ay i [
3 10 ’ 5 x2S/ == e | © 10_2 =
= et ' ~~’(g"2)£ L Wm‘ 5 - W Ml |
B . ATV H ‘ i““lm' I i ' CMS (95% CL - i VWY 26 A N
A AT "
107 ¢ 103 E
& —— L Expected UL +1c [l Expected UL +20 B —— 90% UL CL [ Expected UL + 15 [] Expected UL + 2
1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1
10_4 10—4 1 1 1 1 1 | 1 1 1 1 1 1 A |
1 10 1 10
2
m,[GeV/c?] mg[GeV/c?]
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https://arxiv.org/abs/2112.08377
https://arxiv.org/abs/2112.08377
https://arxiv.org/abs/2112.08377
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.112015
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.94.011102
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.012003

'-.;'-z model: 2’ - 17 .

L-L. Reinterpreted also as
i i * Leptophilic dark scalar S - (g-2),,
* ALP with 1 coupling

Background suppression with NN
* resonance vs UL

. . : Belle Il £dt=62.8 fb~!
Main backgrounds FSR production 300F———— — —— .
O TT System «:C — :Z:::+ba€kgmund 0 e*e” =qq.,(g=u,d,c,s,b) {
N 8 Background n ) ete —seteutu-
250} 2 { Data . . -
e*e” > T+ (y) 143 prong S e | ” | I | | e ) '1
- —- > < 4 ete-»ete"TtT"
e+e % qq (q—U,d,S,C) %) 200_ -g B |% ! T Data + *_
Py 2
(o) S g 2 — " ete > e*e Xy |
/ 150 8, e s oo had
efe" > efe uw ‘9'?/;, = | I UM P T LR Kk >
e+e- % M+M- T+T- &//.))(// § 100 - ' Mrecoil(l;ll-l) [GéV/CZ] . '
ete" > efe T'T % E/ e*te" > 4/ + ISR
ete" "W not simulated .
2 HH iy Smooth background on the
_ /
scale of the signal mass //0’

e*e” > e*e X4 not simulated resolution (~10 MeV/c?)

M recoil (M) [GeV/c?]
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L&-L, model and more: X 3 1:*

Reinterpreted also as
* Leptophilic dark scalar S - (g-2),

Z' a8 o
* ALP with 1 coupling
Belle Il [cdt=62.8 fb!
1031 BaBar "
102§ :
i A
(g—2)u*20
" 101l .
Leptophilic dark scalar S
100 -_/ <
—— 90% CL UL Expected UL £10 Expected UL 20
-1 | | | ] | ]
105 4 5 6 7 8 9

10
ms [GeV/c?]

10

Belle Il [rdt=62.8 fb?
I
BaBar
— 103+ c
|
>
o
= Axion-like particle ALP
S~
5 102 L Cee = Cuu =Crr -
- all other couplings = 0 |
— 90% CL UL Expected UL *10 Expected UL +20
101 ! 1 ] 1 ! !
3 4 5 6 7 8 9

macp [GeV/c?]
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https://link.aps.org/doi/10.1103/PhysRevLett.131.121802
https://link.aps.org/doi/10.1103/PhysRevLett.131.121802

Dark scalar * in b=>s !raw

LLP dark scalar in B decays
B>kS S—>ee, up, m

First dark-sector search in Belle Il
* in B decays
e with LLP signature

B* 5K*S, B >KO[>K*r]S

K ! S de*e/ i /ntn /KK

S /

80| Belle Il
r [Ldt =189 fb?
70 |

Candidates / (0.2 GeV/c?)

—

Bt-K*S(»n*n~) ]
B ete~-cé A MC stat._f
I e*e~-ud/dd/ss + Data
B e*e -Y(4S)-BB

reduced
MS—>$+ x—

Signal search: fits to the 25 T
LLP reduced mass for each CI
channel and lifetime ~ .l

0 1

M'(m*rm~) (GeV/c?)

E. Graziani — Dark sector searches at Belle Il - Light Dark World 2025

15



siné

No excess found

» First model-independent limits on B(B—>KS)xB(S —>x+x’)

» First limits on decays to hadrons

107"

>

80108, 139430, 2023

0108 113104 g,

1072
1072
107 's
i Belle Il CMS
E949 NA62 PS191 JLdt =189 fb~1
107 : :
107" 100

ms (GeV/c?)

95% CL on B(B—=KS) x B(S=»x*x")

1076}
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107"t
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107 L

S—sete~

S-utu

S-ontn~

B*->K*S BO-K™(»K*n~)S
<F ' ' ]

N4 4
f —— cTt=50cm
Be”e i —_— T = 10 cm E
[ JLdt =189 b~ [ — cr=1cm

S-K*K~

107"

10°

107" 10°

ms (GeV/c?)

Limits for each channel and lifetime
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.L111104

. . g . Multiple B/kaon modes studied wrt BaBar
Axion-like particles i + )4
B—K A Bt> K()*a,a > yy

B%-> K */K% a, a >yy

Belle Preliminary [ £dt = 711fb™"!

Probe of aWW coupling in b— s transitions %0
o - o =
b S
1074 ......
1075 ..............
y  Suby,

XX, itted ) w Belle B — K%a(— vv)
/4 l"250; Oto"/YEp 107 107! 100
: 1249 m, (GeV)

n°, m, ' regions vetoed
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.131802
https://arxiv.org/abs/2507.01249
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.131802

—

B->h X (—invisible) at Belle Ney,

Feebly-interacting invisible particles in B decays B"—h*X h'™=zx", K", p, D"
B*— h*X, B’ — D’ X B’ - D'X
l .
X — ALP, dark scalar, mesogenesis, ... m
) —= < <3
X invisible — LLP or decays to dark sector particles B* K+t
u > Uu

Extra motivation: Belle Il observed excess in BY — K vv

(particularly for B — K™ a) b . / c
B+ >® ®< D
u 3

Analysis optimized for two-body decay

Uu | u
Both B mesons are reconstructed, B, and B, N .
B¢ is just one track K, w, p, or De—>KKm, or DO to 3 different channels B B ) / .
B¢ IS reconstructed using our Full Event Interpretation algorithm b Y\\<<
(G

Signal extracted from momentum p,,in the B, rest frame

Main backgrounds: ee—qq, ee —BB and SM peaking backgrounds

E. Graziani — Dark sector searches at Belle Il - Light Dark World 2025 18



B->h X (—invisible) a

To be
. . Smeit
Limits on B(B—>h X ) for each channel tedtOPR
L
1034 Belle preliminary
A f Lt 'T11.4b7" 10—2
10_4 ] X — invisible Belle prelzmma'ry
j \ X— 7y: [ £dt 711 b
N Tx = 10000 .
0|l 91 e - 5
ctx = 100 mm 1 B* — 7T X (this work)
1064 ¢ty = 1 mm 10_3 EE monoy (BABAR)
ety = 0.01 mm Bl B K*tvi (BABAR)
1531 — Bl Kt — 77X (NA62)
Q | 1 Kt — atwvp (E787+E949)
< o = . =1 £ — invisible (CMS)
g | o 107 =3 0 — invisible (NA62)
= 101 JARN x
: 3
2 10-—6-
= 5
X 10724
&
+ + /et
1072 B"— K/7 a
107?
]_0_4 10_6 T T T T T T
o 0 1 2 3 4 5
mg [GeV /c?]
10°0

2 4

Narrow SM peaking backgrounds are vetoed
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‘

Inelastic dark matter with dark Higgs Ney,

Two dark matter states y, and x, with a small mass splitting
Eludes constraints from direct searches

Y, IS stable - dark matter candidate

Y, is generally long-lived

h” is generally long-lived and mixes with SM H,

Focus on m(A’) > m(y,)+m(y,)
e AN Y1 K pointing
/I
M
Up to two displaced vertices

L,—>% 1 A" hon-pointing + missing energy ,,"'hf
h” — x*x” pointing XAl e {0
______.------‘X'1 __________ \\\ +rAa” On\V) du
2 \ e e
e X1 Y2 — . soel
non pointing %)
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Inelastic dark matter wm

Challenging for tracking and trigger (displaced tracks)

Almost zero background analysis

sin@

Cut & count strategy to extract signal yields
Background estimated in data from sidebands

No excess found — 95% CL upper limits
Individual final states and their combination

Scan m(h’)-sin0 space for different values of the other parameter

Process cross section does not depend on 0 (efficiency does)
Many more (~30) plots for different parameter configurations

(this work)

m(x1) = 2.5GeV/c? |

- Belle 11 fﬁdt= 365 fb~! Preliminary/v Am = 0.4m(x1) ;

C(D=0.1 _

£=1.5x1073 i
m(A') =3m(x1) |
101!

m(h’) (GeV/c?)
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https://arxiv.org/abs/2505.09705
https://arxiv.org/abs/2505.09705

T
Dark sector searches in Belle II: summary and perspectives

v’ Belle Il is leading and expected to lead the world sensitivity in many light dark sector searches

* Align all the searches at least to the full Run 1 luminosity 5/70/?
l‘@/,
,

* Enter the dark photon business: both visible and (especially) invisible

» LLP searches will have a considerable weight in the next years (especially with a new displaced-vtx
trigger&tracking) Low SM background, open the possibility to explore small couplings

d Luminosity will increase, background will increase as well Cba//e
[ Best effort to keep the single-object (track, muon, photon) trigger lines in working conditions Oges
 Displaced-vertex trigger&tracking needed (efficiency decreases abruptly with lifetime): in preparation

E. Graziani — Dark sector searches at Belle Il - Light Dark World 2025 22



SPARE SLIDES
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From KEKB to

| e+3.5Gev16A |

5 i Belle detector e+ 4 GeV 3.6 A
uperconducting
cavities (HER) o o‘—’gE‘ m- Belle Il
" — New IR
/ - e- 7 GeV 2.6 A —_— A
\ W 1um

’ \ : —
’ﬁ ~

P? . Nano-Beam scheme
LY | SuperKEKB.
‘ / SuperKEKB

Add / modify RF systems

/ N/ew beam pipe Supel’KE KB

& bellows 100um ==

{

ARES copper
cavities (HER)

ARES copper- 4
cavities (HER)

=

Low emittance positrons

for higher beam current

toinject Positron source
<« €' source ool i Bl 8 ’ ~ New positron target /

capture section

N/

Low emittance gun

* Upgraded rings
» New e* Damping Ring
» Increased currents

* moderately increased beam currents 20
* Squeeze beams @IP by ~1/20 + Nano-beam scheme ——

Low emittance electrons
to inject

x30

» New Final Focus magnets (QCS)
> Large crossing angle
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From KEKB to SuperKERE

Beam-beam parameter

Super
KEKB

uest for BSM

Lorentz Beam current e Npf Ny (B
factor \ ET mpsoiiof +07) e ary ey
* New e* Damping Ring < N,
y o, | .57 || R, Lumi. reduction factor 30
— e+ ) £x-) . X *
» New Superconducting L der [+ ol B R (crossing angle)& B",=0.30/0.30 mm
Final Focus (QCS) e O 'y E, \ Tune shift reduction factor
I (hour glass effect)
Classical electron 0.8 ~ 1 |+/_=2.8/2.0 A
radius (short bunch)
, , (1) Smallerp,’
Beam size ratio@IP Vertical beta function@IP
1~ 2 % (flat beam) (2) Increase beam currents

(3) Increase &,

cy,~100pm, o ~2um Nano-Beam scheme

. For a 30x increase in intensity you have to make the beam as thin as a few x100 atomic layers

E. Graziani — Dark sector searches at Belle Il - Light Dark World 2025
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N

Luminosity projections.

Peak luminosity [x10”cm2s]

[ 7 1 - - . T T T T 70
i Peak luminosity _
:_ [ — x/ ESZS upgrade x/i S@265 upgrade ] ________________________ / / _____________ —60
- Integrated luminosity (delivered) :
= [ w/ QCS upgrade w/o QCS upgrade
— in LS2 in LS2
- Projected by SuperKEKB/Belle II /
- P /
- 4
-_ ............................................................... - / ........................
i V4
; 7
Jan 2024 Jan 2029 Jan 203 Jan 2039
Date

Integrated luminosity (delivered) [ab™]
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Belle Il trigger‘

Dark sector physics  Belle .. Ly
* Low multiplicity signatures ¢ e f \
* Huge backgrounds from beam, Bhabha, two-photon fusion \‘\\i‘; ) ;,{‘ f -
- flt;@!«f’}
Level 1 hardware-based combines info from CDC, ECL, KLM B \"%‘ '
* Tracks, clusters, muons e \\.\
e Two-track trigger
e Three-track trigger 1.0 e e L P I T F T F Y R T T E v
* E>1GeV trigger > .
c 0.8 ., single y trigger
[ efficiency
Single muon & 0.6
* CDC +KLM . *
0.4
Sing]e track = Belle Il 2019
* Neural based T 0.2 [Ldt=4.6 fb~!
. 1 GeV cluster trigger
Single photon 09 05 1.0 1.5 2.0 25 3.0
* E>05,1,2GeV E(y) in c.m frame [GeV]
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Z’ to invisi

1t (y) almost 100% suppressed 3 control

* u'u (y) dominates up to ~7 GeV/c?

* e'e uu-dominates for high masses ppy  selection+NN studies
en  selection+NN studies
ee(y) vy veto studies

Look for bumps in 0, ; vs M?,..;

Observed yields

[Belle Il [ Ldt=79.7 b1
140 [-Preliminary '

160 160

[ Belle Il Simulation
140 |

Wi gk 3
i DT P
. L

.
~ "‘

MRy -

10!

120 120

TR

100 100 ff;‘

80 10°

Brecon [°]
Orecon [°]

B0 iy
60[% ..

60

R R A B A

T
%.

T T
| TR IR

40

40

Candidates / (0.25 GeV?/c* x 0.5°)

20

: —_— ee““' . :I ! | eeuul
20 40 60 25 20 40 60
Mfecoi [GEVZ/c?] M2, [GeV2/c4]

. ] Al Lal

oOF

| ) - - (= L . ) el L Ll (- (= A}
L. JraZziaril UdIN OTULLUT STAr riico al DTIicT 11 LISITU UdIN VVUTTU

"<NHC



Belle Il Simulation, L, — L Expected 90% CL U

10° g -
 Belle II, 0.276 fb~? J f
-1 i A -
10 ] c"fr E
: | ."/,'f : d on R\“\ 3
,"' A e
107 kq*l‘.‘if-l-?"" S p0 e 0% X\ e’dd"/
---------------------------------------------- Ne%‘_"\os.\ alrno>"
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Axion Like Particles (ALIW
Belle Il

» Focus on coupling to photons: S

Appear in SM extensions after some global (i.e. family)

symmetry breaking

_ » Alp-strahlung + photon fusion production mechanisms
Pseudo-Goldstone bosons - Naturally light

> t~1/g, ~m?
Cold dark matter candidates if m, is sub MeV

Couple naturally to photons

Y
Can couple LFV to fermions
No mass<=>coupling relationship (as for QCD)
1 : ‘
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ALP vy : observem
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Axion like
ALP Pilot run physics results
Belle 1l (2018)
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" ALP ¥y : luminosity projections
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Dark Higgsstrahlung: e

 Dark photon + dark Higgs >
e dark Higgs h’
» gives mass to A’ through SSB
» no mixing of h’ with SM Higgs
» coupling a,yin the dark sector, €% o, overall

 Mass hierarchy scenarios

* M, >My
» h' > AA, ete > AAN
» probed by Babar and Belle

* M, < M, this search
» Invisible h’ (long-lived), missing energy
» 2d peakin M, and M
» Probed by KLOE
» Largely unconstrained
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Dark Higgsstrahlung: results

No excess found
Upper limits on o and €% o,

most sensitive for 4 <M, < 9.7 GeV/c?
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Dark Higgsstrahlung: e

Dark Higgsstrahlung
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T ——
Dark Higgsstrahlung: luminosity projections
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Invisible dark photon: single photon trigger

* E.y >2GeV

* E. > 1GeVinbarrel + no other clusters

* E.y > 0.5 GeV in central barrel + no other clusters

Would extend the search range up to
M, <=10 GeV (psycological threshold)

Much more aggressive than originally expected.
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Invisible dark photon: experimental signature

Only one photon in the detector

Needs a single photon trigger
(not available in Belle, = 10% of data in BaBar)

Needs an excellent knowledge of the detector acceptance
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1.5mm structure at 90°

1.6mm structure at 90°

Invisible dark photon:

barrel/endcap

! Belle Il

Super conducting coil
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Dark photon: luminosity prom
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