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SuperKEKDB: a new Intensity Frontier machine

SuperKEKB is an upgraded B-factory

o Belle 11
located at KEK (Tsukuba, Japan) o 1 '

It's an asymmetric ete™ collider

operating mainly at 10.58 GeV e
( T(4S), but foreseen runs from T(2S) to T(6S) )

damping ring
KEKB SuperKEKB  uiY;

8 e i
Vige &

linear injector

nano-beam

scheme

[(A):~1.6/1.2 [(A): ~2.8/2.0 30x peak luminosity:
B" (mm): ~ 5.9/5.9 B’ (mm): ~ 0.27/0.3 6-10% cm-2s"’
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SuperKEKDB: a new Intensity Frontier machine
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Belle 1I: a new Intensity Frontier detector

Electromagnetic Calorimeter (ECL): K. and muon detector (KLM):
Cs|(T|) Crys1'0|sl waveform Sqmp“ng to measure . T Resistive Plate Counters (RPC) (OUTer bOrrel)

74

ﬂmel energyl and pulse_shape ' ' $C|nT|IIGTO|' + WLSF + MPPC (endCOpS, inner bOrI’eD

Magnet:

1.5 T superconducting

Slect Ons

Vertex detectors (VXD):
2 layer DEPFET pixel detectors (PXD)
4 layer double-sided silicon strip detectors ///'///

Trigger rate limits:
Hardware: < 30 kHz

7/ Software: < 10 kHz

'OOS/'#OnS

Central drift chamber (CDC): ' Particle Identification (PID):

He(50%):C2H6 (560%), small cells, Time-Of-Propagation counter (TOP) (barrel)
fast electronics Aerogel Ring-Imaging Cherenkov Counter (ARICH) (FWD)
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SuperKEKB and Belle II operations

First collisions: 26th April 2018
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Dark Matter

It is “dark” Rotational curves of the galaxies
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It exists...
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A lot of experimental techniques

fo
o
T

VELOCITY IN PLANE OF GALAXY (km s™)

to probe the Dark Matter existence:

o

DISTANCE FROM NUCLEUS (kpc)

production at colliders;

production in fixed target experiments; BU“eTC'USTfS

indirect astronomic searches;

direct underground searches.
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Dark Matter

It is “dark”. D Key:
: | & [ > Observed
It exists.. S Theori\és
A lot of experimental techniques WIMPs
to probe the Dark Matter existence: " r -
- production at colliders. Hidden / dark sector >
Black
" holes
QCD Axion 9,2 Higgs
-l ey .
ot | ' —_— 0 | |
meV eV  keV MeV GeV TeV 30M,,
Mass scale
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Dark Matter coupling to SM

Q

Different possible portals between Dark Matter and Standard Model
depending on the dark mediator X:

Vector portal — Dark Photon / Z°
Scalar portal — Dark Higgs / Dark Scalar
Pseudoscalar portal — Axion-Like Particles

Neutrino portal — Sterile Neutrinos

G. De Pietro



Dark Matter coupling to SM
 DarkMatter |

B e e e o A
0l

Q

1
1
[ |
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Different possible portals between Dark Matter and Standard Model
depending on the dark mediator X:

Vector portal — Dark Photon / Z’
Scalar portal — Dark Higgs / Dark Scalar
Pseudoscalar portal — Axion-Like Particles

Neutrino portal — Sterile Neutrinos
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L — L_model: Z’ to invisible
New light gauge boson Z' coupling only to 2" and 3™ generation of leptons (Lp — Lt model):

L= E 0g' 0" Z/ 0 shuve et dl. 2014), arXiv: 1403.2727

= My Ty Vp By Ve L

K, T,
Voo
It may explain: ot
- DM puzzle;
- (g—2)p anomaly; B, T,
- R(K) and R(K*) anomalies. et TR {}u,r’ %

Invisible decay studied
) L _ , ) ) here for the first fime
Looking for an invisibly decaying Z' produced with a pair of muons:

- /' can decay to neutrinos or light DM if kinematically accessible; First physics paper by Belle II:
- BF(Z' — invisible) = 1 if mz < 2m,. PRL 124 (2020) 141801

G. De Pietro
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L — L_model: Z’ to invisible
Measurement done using 2018 pilot run data: only 276 pb™ usable due to trigger conditions.

Looking for:
- a peak in the mass distribution of the system recoiling against the dimuon pair;
- nothing else in the rest of the event.

_[Ldr = 276 pb"
w OF ee W)
E C mmete—= TT(Y)
g 1 | %e'e’—)e'e'u'u' )
o S
107 F i
102 F
-III\I|IIIIIIII\|IIIL|iIIIIl

0 1 2 3 < 5 6 7 8

. 2
Recoil mass [GeV/cT] PRL 124 (2020) 141801



L — L_model: Z’ to invisible
Measurement done using 2018 pilot run data: only 276 pb™ usable due to trigger conditions.

Looking for:
- a peak in the mass distribution of the system recoiling against the dimuon pair;

- nothing else in the rest of the event.
0% CL upper limit on the g’ coupling constant
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Lu — L,r model: Z’ to invisible

Short term projections including several improvements:
- much higher integrated luminosity (already on tape);
- analysis improvements (better muonID, MVA selection);
- new triggers w.r.t. 2018 pilot run.

10° o Belle Il Simulation Expected 90% CLs UL - Median
, Belle Il Simulation T eepp =
—~ 10
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b
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v T F
L|>J JEETTEE ft_dt = 50 fb~! (more inclusive trigger)
[ Belle Il PRL124, 141801, det = 0.276 fb~!
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Starting to probe the (g - 2),. band already with 50 fb"!
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Axion-Like Particles: a — ~~

Axion-Like Particles (ALPs) are pseudoscalar particles (a)
that couple to bosons.

Unlike QCD Axions, ALPs have no relation between mass
and coupling.

Belle Il focused on the coupling to photons:

L5 IGE, B 1 g m]

D

ALP-strahlung

G. De Pietro

Dolan et al. (2017), arXiv: 1709.00009

s'2 =10.58 GeV, gayy = 107 GeV™!

Photon fusion \

A
10°0 ALP-strahlung ‘1;
107° ' ' ‘
0.1 0.5 1 5 10
m, [GeV]

Investigating the photon
coupling g.-~ in ALP-strahlung

First search at B-factories

14



Axion-Like Particles:

Select fully neutral events consisting of 3 isolated photons with ~ ~
8]
a total invariant mass consistent with s/2. s
O
o
Search strategy optimized to maximize ALP sensitivity: 8
0]
- low ALP mass — ; S
c
- high ALP mass — recoil mass spectrum. « §
~
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Axion-Like Particles: a — ~~

Search conducted with 445 pb! of 2018 pilot run data:
- 500 fits in sliding ranges with steps of half mass resolution;

- no excess observed (largest local significance: 2.8 o).
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Axion-Like Particles: a — ~~y

Search conducted with 445 pb! of 2018 pilot run data:
- 500 fits in sliding ranges with steps of half mass resolution;

; ionifi - 2\ 3
no excess observed (largest local significance: 2.8 o). L 92,/ @QED LM
“ 24 s
E‘L 16} Expected UL +20 Belle Il (2018) .
T ,,[ ™ Expected UL 10 JLdt = 445 pb~? Hois @
1 | — Observed UL 5 2
I o

s 1.2 — -I—-— Expected UL | j L E Belle Il
+ Lo I [ | D_!
L 1.0f I > 1073 "
2 - I v "
S08f 2 s
E I
UL ol 3 \
g L () 10-4
2 0.4}
_ L1 |
2 02 I |
E: : : electron beam dumps _ Jayz = 0

0.0 T 107

2 4 6 8 10 10~ 10-? 10> 10° 10!
m, [GeV/c?] m, [GeV/c?]

G. De Pietro PRL 125 (2020) 161806



Dark Higgsstrahlung

Dark Photon (A') mass could be generated via a spontaneous symmetry
breaking mechanism, adding a Dark Higgs boson (h') to the model:
- Dark Higgsstrahlung process: ete= — A” — A’ I’

G. De Pietro
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Dark Higgsstrahlung

Dark Photon (A') mass could be generated via a spontaneous symmetry
breaking mechanism, adding a Dark Higgs boson (h') to the model:

- Dark Higgsstrahlung process: ete= — A” — A’ I’

Belle Il expected sensitivity on €20

E 10—3

- Belle Il Simulation Expected 90% CL UL
& s5F [ cdt=9fb-1 Preliminary
2 | systematics 104
%J 4 estimate '
O | . -
wn 3+ 410-5 S
n | !
‘U ™~
E y ) 8 ' w
—_ [ 4106
o) 3
O 1}F =
Q
CN 10~7

0F

0 2 B 6 8 10

Dimuon mass [GeV/c?]
G. De Pietro

At Belle Il we are exploring the invisible h’ decay
(mw < ma), constrained only by KLOE:
Babusci et al. (2015), arXiv:1501.06795

etem > A" - A'(— prp7) h’(— inv.)

Very promising results even considering only the
2019 data set (9 fb):
- accessing an unconstrained region beyond
the KLOE coverage;
- probing non-trivial €2ap couplings.
19



Other ongoing Dark Sector searches @ Belle 11

Dark Photon (A’) decays Other Z' decays:
invisible decay ete” — put pm Z(— ptp)
leptonic decays ete” = prpm Z(— THT7)
Dark Scalar: Magnetic monopoles

ete” = TH 17 S5(—= I*17) .. and many others!

Dark Scalar with displaced vertex: " g
B+ — K+ S(— 1T17) S N -
4 (o
Inelastic Dark Matter \\ s
7 S

G. De Pietro 20



Summary

AN

Belle |l will lead the field in the Dark Sector searches in the coming years;

v We successfully started operations in 2018; up to now we collected
more than 100 fb! of collisions data;

AN

First results with early data (2018 pilot run) are published:

- Z' — invisible search (PRL 124 (2020) 141801);
- ALP — ~~ search (PRL 125 (2020) 161806);

v Next results in the pipeline using the data collected since 2019:

- Dark Higgsstrahlung;
- A" — invisible search.

G. De Pietro
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Taking data during the 2020 pandemic...

Non-stop operations with COVID-19 pandemic:
- social distancing requirements;
- strong developments for close to or fully remote sub-system operations;

- huge commitments from japanese colleagues and residents in Japan;

— only 40 persons on site from March to July.

KEK-campus
i Beam background HYV ctrl N =
(SpeakApp) (RocketChaKBelle Il Exp Hall Sub-system experts
A ®e 0000000 Belle Il
n \ - 00O NG NG NG NG NG NN
(Accelerator ctrl room Another bldg¥ & Ctrl room )\ %35 Safety .
Y ~ o ot Remotecr | 01 1OKING
> 5 53 .._....___...______[c_ng_rpfhift efficiency:
Fﬂ‘ 85%
VPN __KEaa
\\KCG (SuperKEKB CG) BCG (Belle Il Commissioning Group) 'S o _ )
courtesy of K. Matsuoka
G. De Pietro
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SuperKEKB machine parameters

Parameter KEKB Design /KEJIEB Achieved SuperKEKB De-,;i‘g}\
Energy (GeV) (LER/HER) 3.580 | 3.5/8.0 (@.077.0) 1
B (mm) 10/10 5.9/5.9 0.27/0.30
B (mm) 330/330 1200/1200 32025
&, (nm) 18/18 18/24 3.2/5.3
2 (%) 1 0.85/0.64 0.27/0.24
o, (um) 1.9 0.94 — 120, 0.048/0.062
5}, 0.052 0.129/0.090 0.09/0.081
G (mm) 4 6/7 6/5
Doy (A) 2.6/1.1 1.64/1.19 —2 5 3.6/2.6
Niunches 5000 1584 2500
i ) x40
Luminosity (10°* cm=2s7") 1.0 k 211 —* 80 J
[ (1 + JT) (fi’s:yi) ( Ry )
2er, o B Re .

25
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Cross sections

at a B-factory

Physics process  Cross section [nb] Selection Criteria Reference
T (45) 1.110 = 0.008 - 2]
uii(7) 1.61 : KKMC
dd(v) 0.40 : KKMC
s5(7) 0.38 - KKMC
ce(y) 1.30 = KKMC
ete () 300 4= 3 (MC stat.) i <ar< 1907 BABAYAGA.NLO
E? > 0.15GeV
ete () 74.4 pe > 0.5GeV/e and e in -
ECL
Y¥(y) 4.99 £ 0.05 (MC stat.) e << 17807 BABAYAGA .NLO
EZ > 0.15GeV
YY) 3.30 E, > 0.5GeV in ECL s
ptu=(vy) 1.148 - KKMC
= () 0.831 pu > 0.5GeV/ein CDC -
wtp=y(y) 0.242 pu > 0.5GeV in CDC, -
>1v (Ey>0.5GeV) in ECL
777 (%) 0.919 - KKMC
vir(7y) 0.25% 19 = KKMC
ete~ete~ 39.7+ 0.1 (MC stat.) Wy > 0.5 GeV/c? AAFH
ete T 18.9+ 0.1 (MC stat.) Wy > 0.5 GeV/c? AAFH

E. Kou, P. Urquijo et al.,
arXiv:1808.10567

26



Electromagnetic Calorimeter (ECL)

Belle lI

- In barrel ECL, Belle Il has no
projective cracks in ¢ w.r.t. BaBar:

/ — Mmore hermetic
— more efficient

390

O

RN250
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Electromagnetic Calorimeter (ECL)

Energy resolution in Belle Il barrel: Material budget in front of ECL:

T B I Ll Ll LI | I _ 1|2
o~ ) N R
[ - " . . § B PXD
Y , —+— BGix0.0 (no material) Barrel_
H 15 : —4— BGx0.0 Barrel 1.0 i
~ ~ - y BN CDC
DLU - . . —+— BGx0.1 Barel y B ARICH
i “a —4— BGx1.0 Barrel y < 0.8 BN TOP
10 s —4— BGx1.0 Barrel .. i z
b= ‘..n “‘I i‘ = -‘é’
| g 06
i . ., El“ i 5
i ‘ el N . 3
5 e m 0.4
—-;*: ..... b e = e =1
L o HREE - ::._‘ Te. ‘-\h: G B
- ::':—'E:EEEi:;:-:iH 0.2
L EEEET (13 geasaay
0 0.0
10_1 1 -1.00 -0.75 =-0.50 -025 0.00 025 050 0.5 1.00

cos(@)

G. De Pietro



Beam background

Coulomb Bremsstrahlung
et e et et
Bhabha Two Photon

et et e+
+ Synchrotron
Radiation
+ Touschek
et et e+

Effects from beam background:
— degrades calorimeter resolution.
— radiation damage.

— pile-up and event size.
— physics background

G. De Pietro

Average dose per crystal [Gy / year]

12th campaign
=TI X & & F & L % Gl

Touschek HER
== Touschek LER
== Coulomb HER

i == Coulomb LER

4 - BE=E RBBHER

B == RBBLER
F BHWide HER

BHWide LER

0 20 40 60
9ID

BEAST: dedicated systems
for contfinuous beam
background measurement
and monitoring!

See P. Lewis et al.: 10.1016/j.nima.2018.05.071
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Tracking performance

Tag & probe technique with events efe™ — 7777
- 4 charged tracks expected;
- leptonlD tags the event;
- 3 prongs provide the probe. 1

- 2-prong

2) tight pion -

(hadronic tag track)

-
1) loose pion 04
. (probe track) 0.2

3) tag muon
4) tag electron
(leptonic track)
/et

1-prong

5" [%]

e = N_ (4 tracks) / [Nevts(4 tracks) + N_,.(3 tracks)]

evts

G. De Pietro

|
-LI\}DI\}-I-‘A o
LI T

Track finding paper: arXiv:2003.12466
Performmance plots: BELLE2-NOTE-PL-2020-014

- Belle Il (Preliminary) ILdtzB.be" #Data +MC

track P, [GeV/c]

Similar technique to evaluate fake rate per track:
fee = (097 £0.34__ £0.06__) %

syst

D.IS 1 115 2 25 3 3.5 4 4.5
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DO lifetime:

- measurement with 3 channels: K+, K=t K®tn =

Vertexing performance

- estimated vertex resolution: ~ 40 pm;

— 7(D°% = (4123 £ 2.0__) fs
(world average: (410.1 + 1.5) fs

arXiv:2005.07507

G. De Pi

L Belle Il 2019, preliminary

j Ldt=87fb"

e,

..............

s Data
=Total fit
== sgn
-« bb

- cont

3-D0—>K1t
10°
I e Data
¢ | —Fit

fs

—_—
(=]
T

Candidates per 60

—
(=]
T

1E

T
Belle II (preliminary) |

[ Ldr=9.6m"

T=(412.4 £3.4) fs ]
stat. only o

-2

B? lifetime:

— T(BO) - (]‘48 + 0'285tat = 0.065y5t) ps

—
(=
T

107

—
(=]

Candidates per 60 fs

(world average: (1.519 + 0.004) ps

D" - Knn®

; e Data

L — Fit

T ]
Belle I (preliminary) |

Jrar=96m™ 7

T=(413.3+2.9)fs |
stat. only

hadronic channels: B® — D+ /p*;

smaller boost 3~: 0.42 (Belle) — 0.28 (Belle II);

average distance between B-mesons: 200 pm — 130 pm;

estimated resolutions: At ~ 1 ps — Az ~ 80 pm



Particle identification: leptons

Several fully reconstructed channels are used:

- extract both efficiency & mis-ID probability from data;

- measured for various leptonID and angular acceptance.

1.13 =6 < 1.57 rad,|electronID > 0.9

> 1.2

“ i . .

= - Belle Il (Preliminary), [Ldt= 34.6 fb~!

_Q L

%08: 1

2L = + Jly-ee-ele)

ks A ee - eey - £(e)

E- iy 4 ee-eeee - ¢(e)

o I ¥+-  Ks—nmn - mis-ID(m—e) x3

_5 0.4 4 D= DY%Km)m - mis-ID(r- e) x3

% T(1p)T(3p) - mis-ID(m—e) x3

v 02fF -+ D"-D%Kn)m - mis-ID(K = e) x3
. A
B S T T S

0.0 P T, . P R S S | P WU [ ST T S SN NN SN ST M 1
0 1 2 3 4 5 6
p [GeV/c]
G. De Pietro

efficiency, mis-ID probability

o
(N

= . = 50
o o] o N

o
s

0.82 =6 < 1.16 rad,JmuoniD > 0.9

| Belle Il (Preliminary), [Ldt= 34.6 fb~!
g
i + Jly-pu-e(u)
e g ee - py - £(u)
i +  ee—eeuu - g(u)
- -¥-  Ks—=1m - mis-ID(m— u) x3
o - D" - D%Km)m - mis-ID(rr - u) x3
5 T(1p)T(3p) - mis-ID(r— ) x3
= == -+ D" - DY%Kmn - mis-ID(K = u) x3
‘:::;;::. s=dfi==
1 2 3 4 5 6
p [GeV/c]

leptonID = £/ (£, + L, + L+ L+ L)
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Particle identification: hadrons

Fully reconstructed channels are used:
-D* —» D(— K «*)r™;
- slow 7 tags the D° flavour — K and w identified in data. TOP ARICH

i sdeas i

1 ‘ ..... . ............... . ............... . ............... ‘ ....... KTD éfﬂcie-n-cy (aata)' 1
B & " & A & & &_ ﬂé Al KIDeffncmncy(MC}

0.8 _ ............... ............... ............... ..... Qﬁ%%% ..... ..............

: . _: ; KID efflmency (data)
a7 A KIDefflmency(MC)

0-5 .......... Be"eﬂpreﬁminary ......... ............... ............... ..............

=
0
111|||||

O - i o i A S T T

o
>
| T

N & | i mlé ID réte {data)
- i : v T mls ID rate {MC)

. v B A , S
R v%%; L e L R e A rioA s

l 1 f | ? & ? v Y v Y v V ki &I ek | L | Ll ' b A "‘.‘VVV"V i 1 L1 i P B
0'”6{”6é“@§”64”@5”6é“6'”55“ o 07 -08-06-04 02 0 02 04 06 08 1

Lower threshold on R Kin) Cosine of the polar Angle [cos6]
K/x-ID = ﬂK/« /(L + L)

*;w"v?‘% y n: - mis- ID rate (data)
: : \7 T m|s ID rate (MC)

K ID Efficiency/x mis-ID rate
K ID Efficiency/m mis-ID rate

s
N
| AL
<

T

lhreshold[
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Single Photon Trigger

Q 300!

G. De Pietro

0.5

o all ee—uuy events 1.0 . . ety

{ 1 GeV cluster triggered - ' -

Y 0.8} -

Belle I 2019 5 ’ ,

[Ldt=4.6 fb=1 O :

% 0.6} :

| - ]

: | |

04 :

5 Belle I 2019 |

i _

— 0.2 JLdt=4.6 o1 |

+ .

1 GeV cluster trigger |

1.0 1.5 2.0 25 3.0 0.0=——g5 10 " T5 20 25 3.0
E* [GeV] E* [GeV]
L1 (hardware) trigger
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L1 trigger efficiency
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Low Multiplicity Triggers

_....._...............\..............”|..............,...............,............................. :

L Y L v
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1 1 1 L L 1 1 1 1

/ T tr, lo

221 ul fr;
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L1 (hardware) trigger

Yen, LM&a o Mbé’b Mf?,-'gh EC'L e

Measurement done
with T-pair events,

1x1 topology
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Low Multiplicity Triggers

i - B ., —#— = 31ull track trigger i Belle l (Prelimina goa7pl ¥ =3fulltrack trigger
| etlet Pretminay) [l -a78" vk vgers ([ ettt Protmina)  Jist 378" i shon gk vgers
Ak !
¢ - LA
g 08 b “ew e g 0s L ._.-.;-".
) @ »
E 1* _#'* +H . WW % ..... . TR L
E 0.6 - ¥ % e E 06 - o
@ @
.................................................................................................................................... e o
s I LT S
b 0.4 *. s * = I T
0 1 L L 1 L L 1 G 1 L il L 1 L L 1 L
20 40 60 80 100 120 140 0 02 04 06 08 1 12 14 16 18 2
track 0 [deal track p_[GeV/c]

Measurement done with T-pair events,
1x1 topology

L1 (hardware) trigger

G. De Pietro
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.1

Mediator mass, m_ .

N
=

-

Off-shell

A rule of thumb...

Invisible

The masses of the mediator and
of the DM candidates lead to
different type of searches.

Visible

Long-lived

>

Dark matter mass, m_,,
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Dark Photon: invisible decay (signal)

Signal signature: ~ ISR ”
-
- a single, mono-chromatic, high-E photon o =
(ISR photon) S DM
N
- a bump in the recoil mass: . ~
. s —m2, ;_-; 8;-'s{g;1;1;>;a;n;olg"'"fa!"'—:
& 2\/— i_f 5 8 m,, = 7 GeV .:E 7
= TR T
Needed a special single photon trigger : j . B
(not available in Belle, only ~10% of all data in BaBar) ° SF SR
x O v
5L . Jx10°
0 1 2 3
Erec [MeV] 38
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Dark Photon: invisible decay (signal)

Discriminant variables:

Ecus Vs- polar angle of “single photon”

__g.odanal | | | | "

Zss ., £=(30-40)% s

%¢5.0---§ ___________ %

& 45 ___________ o
25L . AU

20 40 60 80 100 120 140
0L (deg)

Signal signature:
peak in E_, . (horizontal band)

G. De Pietro



Dark Photon: invisible decay (background)

Discriminant variables: [Beﬂe i

Ecus Vs- polar angle of “single photon”

Background MC, 40 fb-!

L 6.0 after selection
s -y 1 L T
a=— ) =
. - -p_ ,_': =
- I L o e S
HEH \

ee—2y
Ty in ECL BWD or FWD gap

(]
=
Events / bi

T e — % NN N
ee—2y and 3y o TN\ L O\ A

1y in ECL90° gap
1y out of ECL acceptance

. o :. Belle I |
IR . A = s‘f’"’ — il
et R L i . ,. F"'”!_)aj___, __T._..' 'CsTag iy .F.%'.Tliﬁ. |

60 80 100 120 140
By (deg)

ee—eey Signal signature: EE—'3\_!’
both electrons peak in E ¢ (horizontal band) 1y in ECL BWD gap
out of tracking acceptance 1y out of ECL acceptance

G. De Pietro 40



Dark Photon: invisible decay

w
_3 il
10 BaBar 2017 3
ation 20 fb - _
T E T A 1 Single photon search: needed
P > a special trigger logic:
10 —
3 - ready for Belle IlI;
7 - not available in Belle;
tg = 0.5, M, = mj/3 1 - partially available in BaBar.
10_5 1 [l 1 1 11 III 1 [ [ 111 II_F
1 10

G. De Pietro

m,. (GeV/c?)
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m‘"Tz ‘ I Phenix
| ‘! { 4 <

o BRI | :
B berias T A “‘#_L- ‘
e s

Dark Photon: leptonic decay

1072

G. De Pietro

10

1
m,. (GeV)

0

Look for a bump in the ete™

or u*tp~ invariant mass over
a (large) QED background

Belle Il sensitivity is
obtained by scaling the
BaBar measurement:

- expected better
invariant mass resolution
- expected better triggers
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Recoil mass spectrum (after basic selections)

10°

10°

10

Counts

Data/MC

G. De Pietro

up final state

T FIFT L LLL
I
-
-»
“»

Belle Il

—_—

Ldt

2018
276 pb

e Data

t eem WKy Large 7.7
e E= TTY)
-E—_ %c'e'—nfe'_u'p' baCkground!
"0”"1 2 3 4 5 6 K3 8
;:ﬁﬁﬁﬁﬁﬁﬁﬁfﬁﬁﬁﬁﬁﬁﬁﬁﬁfﬁﬁﬁﬁ+'ﬁﬁﬁﬁf;ﬁﬁﬁﬁ_+ﬁﬁfﬁ+jﬁﬁ'ﬁﬁﬁ'+'ﬁﬁ;ﬁ',,'ﬁ{ﬁ;ﬁ{;ﬁ'}';;;;_;ﬁﬁ;,";{,"'#"1"”;'+'¥'#}£#é¥ﬁ..w
R R A AT A
0 1 2 3 4 5 6 7 8

Recoil mass [GeV/c?]

We found a deficit of data w.r.t.
to MC (-35%)...

After having applied trigger and tracking
corrections, in addition to a 65%
correction, we obtain a very good

agreement between data and MC.

NB: all the corrections are evaluated on

independent control samples!

PRL 124 (2020) 141801 45



Suppression of the Tt background

The largest background component is due to TT events: needed a special technique to suppress it!
— Studied several variables, isolated the most discriminating ones between generated signal

and background samples.

- W Background Belle 11 2018 - Simulation
3.0 mmm signal: Mz = 3 GeV/c?

We optimized the selection in each recoil

mass bin by choosing the best cuts that

Plec ™ [GeV/c]

maximizes a given figure of merit
(hand-made multivariate approach).

T, Imin
rec 1 [GeV/c] PRL 124 (2020) 141801 ,,



71T background suppressed

up final state

ol Belle Il 2018 e Data Suppression of the T background very
- -1 st effective up to 7 GeV (then, eepp events
: J‘Ldr 276 pb /// P to 7 ( L
i f 4 start to be dominant).
7)) 10 3 ele— WUy I
E : :%%e'e'—) T () " . o o o
3 i Yeeseanw | | I U " Signal efficiency between 3% and 5%.
O E o
; — - w0 e -'/r.‘/eii
10_1 £ \ N e » d J‘\\i
; \ N\
102 L ~ N AR SN | ¥ No (local) anomalies observed... :(
:I | [ S | | L1 1 1 I [ R . | | | e | | { - 1 I\I -\I:l { R | | | | I

|
0 1 2 3 4 5 6 7 8
Recoil mass [GeV/c]

G. De Pietro PRL 124 (2020) 141801 5



And why not considering a LFV Z°7

We considered only the e—p coupling.

We considered only the invisible decay.

[. Galon et al. (2016), arXiv:1610.08060

Unfortunately, the model we were using showed some issues (too large width for the Z’, etc.).

We decided to drop the signal model
and we opted for a model-independent search!

G. De Pietro 46



Counts

ep final state

LFV Z°

10

10

Belle Il 2018

2 e Data
_[Ld: =276 pb™
e'e— Wy)

S ete— TT(Y) u
2_ % ele— e Il [ I \
;_ ‘ “ \‘ “i\i'. ~,1;|‘"\\ii‘§‘rilu
;1...|N H\\ 1 \k \
0 1 2 3 4 5 6 7 8

Recoil mass [GeV/c?]

G. De Pietro

invisible) [fb]

e'e — et

€0(

80 F

We can set limits on a coupling constant

if a theoretical model is provided!

70 f
60 |
50 |
40 f
30 |

Belle Il 2018
JLdt =276 pb™

£G (obs.) 90% CL UL

______ €0 expected UL

1 2 3 4 5 6 7
Recoil mass [GeV/c?]

PRL 124 (2020) 141801




Axion-Like Particles (signal)

m}_\S\J - 2 3
};iﬂ Two of the Ta ™~ 1 g(L mCL
<4 /Z/Z/ photons overlap v
2 or
For resolved case:
‘0_1 LJ LI 'llllll T ||ll!| T T T rTrrr -
Invisible Resolved 3 clusters with E,, > 0.25 GeV
102 Peak in N~y mass spectrum
10-3
- Three resolved,
? 107 high energetic
O, hotons.
= 105 P
>
10-6
ALP decays outside of 107
y J. High Energ. Phys.(2017) 2017: 94. The searches for
‘the c.iete..*c.tor or de.cays 1078 - “""'_3 — "““'_2 L '“'"'_1 BT E— invisible and visible
into invisible particles: 10 10 10 10 10 10

Single photon final state.

G. De Pietro

ALP decays veto this

m, [GeV] region.
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Search conducted with 445 pb! of 2018 pilot run data:

- 500 fits in sliding ranges with steps of half mass resolution;

- no excess observed (

).

Significance
o N

|
N
—_—

[
I
I
I

Belle Il (2018)
[Ldt = 445 pb?

G. De Pietro

[ N R ——————

6
m, [GeV/c?]

10

PRL 125 (2020) 161806

Data — fit

o(Data)

Candidates / bin

Axion-Like Particles:
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_f.'_d[‘ = 445 pb~1 --- Background 1
- — Signal ]
[ ]
\ | |
1] . [ [ Ll
* Ill I " i i "
] 7N T ARRUR
l... * e ®oe -. * .o- * -. n.
b o oo ewee o -’ ® we s * e o
* e 89 - - " [] ” W - e [] [
L] L ] L2 LI 1™ s = L ] * ® " e S0
0.1 0.2 0.3 0.4 0.5

2 27~4
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ALPs: low-mass region

Belle II: ALPs below 200 MeV? ALP-fusion

» For ALP masses below ~200 MeV, the decay photons
are reconstructed as one ECL cluster even in offline
analysis. Currently under study: N

» Untagged (electrons not seen) ALP fusion
production has a much higher cross section and ol ol
produces ALPs with less boost (difficult to trigger).

» Shower shapes for merged cluster are different, N
MVA based reconstruction has better separation

power (but events have to pass L1 trigger). et et

» Pair conversion of one decay photon costs Pro: resolved clusters

statistics, but yields a distinctive four particle final :
- Con: very low energetic photons
state.

G. De Pietro 50



Axion-like Particles from

B decays

M, [GeV]

G. De Pietro

lzaguirre et al. (2017), arXiv:1611.09355
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