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Belle |I: second generation B-tactory ()

Main experiments at B-factories of the past:

Important results: confirmation of the CKM
—$ mechanism in the SM, CP violation
observation in the B meson system etc..

e Belle (KEK Laboratory, Japan)
e BaBar (SLAC Laboratory, California)

Mt. Tsukuba

Main problem:
statistics collected by KEKB and
PEP-II colliders was not sufficient
to analyse some rare decays, SM

validations and other highly
precise measurements

'

Belle ll: usage of the improved
collider SuperKEKB

D

KEK Tsukuba

. i | Campus
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Belle [l: second generation B-tactory (Il

SuperKEKB

Instant Luminosity [s! cm-2]

1034 ko

- ....................... 40 times higher ................................ el i _i
luminosity KEKB 1
..................................................................................................................................................................... sy increasing the luminosity

- it is possible to investigate
1O the SM through high precise

_ measurements for highly
1032 |- suppressed, highly accurate

" or prohibited processes.
103! |.
1030 i i 1 i

1970 1980 1990 2000 2010 2020

Belle I

Improved detector performances =% | New Physics possibility!
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Collider SuperKEKB

, S
* - =
[, = T 4+ Oy I:|:€y:|: RL 6l SuperEKB
 2er ox * R ' e*4GeV 3.6 A : N
) ’ yx T & 7GeV 2.6 A Y.

details..

Source
position
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Collider SuperKEKB

L= (142 I3y B 112
267“ O'* * R et 4GeV 3.6 A
© * y£ Ty e 7GeV 2.6 A
KEKB SuperKEKB details..
I+ ) = 1.64/1.194 It o = 3.6/2.6A

Source
position
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Collider SuperKEKB

L = el -
— . et 4GeV 3.6 A
e 7GeV 2.6 A
KEKB SuperKEKB detalls..
I+ e = 1.64/1.194 It jo = 3.6/2.6A

Source
position

5; et fem = 5.9/5.9mm ﬁ; et Jom = 0.27/0.30mm
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Collider SuperKEKB

o ° et 4GeV 3.6 A
e 7GeV 2.6 A
KEKB SuperKEKB s details..
Lot je- = 1.64/1.194 Iotje- =3.6/2.64

Source
position

5; et fem = 5.9/5.9mm ﬁ; et Jom = 0.27/0.30mm

ykﬁ
z Beam section at the
interaction point:
~42 nminy

~6 Um in X

i Tum

/ 100um /
\ 100um
Smm

Nano-beam scheme

D
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Collider SuperKEKB

L = el -
— . et 4GeV 3.6 A
e 7GeV 2.6 A
KEKB SuperKEKB detalls..
I+ e = 1.64/1.194 It jo = 3.6/2.6A

Source
position

5; et fem = 5.9/5.9mm ﬁ; et Jom = 0.27/0.30mm

ykﬁ
z Beam section at the
interaction point:
~42 nminy

~6 Um in X

i Tum

a 100m
\ 100um -
Smm

Nano-beam scheme

$ Expected improvement of integrated luminosity of a factor ~50 w.r.t. Belle: 50 ab1
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Belle || detector (I)

N
K, and muon detector:
Resistive Plate Counter (barrel outer layers)
- Scintillator + WLSF + MPPC (end-caps, inner 2 barrel layers
) e bF -+ ( p vers)
EM Calorimeter: \ W |
Csl(Tl), waveform sampling (bas :
(opt.) Pure Csl for end-c f
- \\\\\ A\ B |
X s |dentification
o g-of-Propagation counter (barrel)
electron (7GeV) ¢-focusing Aerogel RICH (fwd)

Beryllium beam pipe . S
2cm diameter '

Vertex Detector ////

2 layers DEPFET + 4 layers
.

positron (4GeV)
COMPUTING

9

He(50%):CoHs(50%), Small cellsilong
lever arm, fast electronics

[ 071000

<4 Lots of Data
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Belle || detector (1)

Increased luminosity = Higher occupancy, pile-up issues, more background hits
Higher trigger and DAQ rate

Radiation damage increase . Background x20 ...
NEAS L
%va\k“
Improvements with respect to Belle:

5\ 1:""I""I""I""I""I""I""I""I""I"":
e Signal readout speed and waveform fit in $ 09F 7 T, ! b

the e.m. calorimeter; £ 0.8F "ot **ﬂ |||| |

: .. : L :

* Ks reconstruction efficiency (+30%); o 7H K/riseparation | _
e K/mseparation (wrong ID probability 0.66 with TOP detector E
reduced by a factor ~2.5); 0.5l ® K true E
* Primary and secondary vertices o4 ® 11 false E
reconstruction (resolution x2). 0'35_ ' H“
0.2} ) *HHH}” HW}
0.1 e =
T P TR T Y Lo

TR T W
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Belle || detector (1)

Increased luminosity = Higher occupancy, pile-up issues, more background hits
Higher trigger and DAQ rate
Radiation damage increase . Background x20 ...

—

Improvements with respect to Belle:

—_
NN
o

—_
N
o

L Ly oy o

e Signal readout speed and waveform fit in
the e.m. calorimeter;

* Ks reconstruction efficiency (+30%);
o K/mtseparation (wrong ID probability

2
Fit function: o= Ya?+ b—g/g
pBsin(6)

Belle SVD2 cosmic (Data) BN715
a= 174 £0.3 um
b= 34.3 £0.7 um GeV/c

Belle Il single track events (MC)

d,-Resolution o [um]
o
o

reduced by a factor ~2.5); 80 | sreees @z 9putaun
. . [ = 16.2 = 1.
e Primary and secondary vertices 601, L SDSEER IR IERE
reconstruction (resolution x2). sofme N T T N S N
200
12 3 4 5 8 7 s
pBsin(0)*? [GeV/c]

Belle I
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Belle |l status and plan

DampingiRing (DR) Installation and commissioning

DR commiss$ioning

Year 2016 2017 2018 2019
Japan FY 2017 2018 2019
Summer 5ummerl Summer
shutdown shutdown shutdown shutdown
'Phase 1: ir'?se;lr%(')'n ' Phase 2 ' Phase 3
- O - - - -
o i * LER(e*)
END R o, | lcircul(ati)ng | VXD
commissio:ning | MR commissioning for phase 2 i HER(e") " installation
_. | i circulating

During phase 3, Belle Il
activity of 9 month/year

have been assumed/

Phase 1: SuperKEKB commissioning & background estimation

Phase 2: Collision runs with the detector installed partially,

without the vertex detector — first physics data!

g » B Phase 3: Data taken with the whole detector installed

</[O

Belle I
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Completed

Ongoing and
almost finished!

February 2019

luminosity profile... 12




Belle Il first event displays

First hadronic event!

Phase 2 first hadronic
physics event!

First beautiful
hadronic event!

D
o

Belle I
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Belle || first results

Vertical beam size oy* as a
function of the date

First kaon & m® mass reconstruction plots

s +
3.5 | | | =] =1000~ t B
T F | * . S ot !
= 3 + * B, =8mmj| £ o0 i s
© B o ) B* — 6mm ] LIC-I i ++
2.5 + o — 600 # +I+ 4
- - i +
IR UJ{ E WWMM# WM‘WM
- @ + 7 400
1.5 :— _: : fL = ~5pb’ i
[ + ++ ] 200— Belle Il 2018 —
1 :_ * _: i Preliminary i
= ] 85 035 04 045 0& 055 06 065 07
0.5 SuperKEKB/Belle Il 2018 (preliminary)  — x1 03 m(w) (GeVi/c?)
- ] — — ] . -
C | | | | L1 W .
0—05/08  05/10  05/17 _ 05/24 __ 05/31 “b15F - Belle I | 1 f Ldt=~5pb" —
> - 2018 (Preliminary) , T
Date i [ { 0.15GeV -
i ; EY > 0. e
by B ¢ ¢ 7
S1.0 ' -
SO S——— e O - _+_Data ' + -
. Instant luminosity reached so Z [ # ! ]
~4033 -2 g-1 1} 3 - y X )
' f yS‘PEErE . . ‘ " - _.qE) 05 __ “.M.+ +“ LA $ S ,ﬁ-’:
LE' t.““.n’o 0000...’“.“.” -
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/O 008 010 012 014 0.6 018
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PhysICcS program

* Precision measurement of the Unitarity Triangle angles and CKM matrix elements.

0.7 _ T T T I T T T ! T T T I T T T | T T T | T T T | T T T 0.7 - T T T T T T | T T T | T T T | T T | T T T | T T T ]

I— W — 1
e : o Amy& Amg % i -8 Ami, & Am @ -
0.6 1 ' 3 Am € ] - | d s fitter
- E d : d K ICHEP 16 — 0.6 __EI) (1) BELLENS0 @b SM2017 ]
2 : — 0 3 _]
- g 1 - — g —
0.5 — s/ SIin 2 | — 0.5 — -]
— % ¢1 : sol\w/cos 29, <0 : — % sin 2¢1 sol\w/ cos 29, <0 .
— 8 — kl (excl at'CL > 0.95) . — g (excl:at CL > 0.95) .
0.4 —S 1 ] 0.4 —3 - —]
— o e — — |5 ~ —
= E8 | g Average 5 115 EB ; « Belle Il 5 3
0 B . . > 3 o3 ! \ - 2 —
- N in 2016 - = 50 ab-1 -
— ¢2 Y : : ¢2 :
0.2 — 02 — —
0.1 — 0.1 Vi —
(0 % b - %, o -
0.0 1 1 |2 I 1 1 1 1 L I L 1 Il 1 1 1 | 1 1 1 | 1 0.0 1 1 1 I 1 1 1 | I I 1 1 L l 1 1 Il | L L L | 1 1 1 -
-0.4 -0.2 0.0 0.2 _ 0.4 0.6 0.8 1.0 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0

P P

* New CP violation sources through time-dependent/integrated asymmetry measurements.
* Flavour Changing Neutral Current (FCNC) studies
* Search for Lepton Flavour Violation (LFV)

* Dark sector investigation

* Hadronic spectroscopy and quarkonium studies

summary...

W=

Belle I
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Belle || exclusive advantages

* Coherent production of two B mesons from Y(4S) resonance ¥ e coherent state
e “Clean” environment w.r.t. experiments using hadronic > Al
machine: g
e Large data samples with B, D and t with low Boost CM: By= 0.28
background e - e
* Analysis of decays with missing energy T(45) B
e Good recon_structlon efficiency and resolution for M (ss) = 10.58 GeV/c? B
neutral particles as y, K, n0 details..

D

</[O

Belle I
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Belle || exclusive advantages

e Coherent production of two B mesons from Y(4S) resonance e;p ®  herent state
* “Clean” environment w.r.t. experiments using hadronic o Al
machine: .
e Large data samples with B, D and t with low Boost CM: By= 0.28
backgrourd e - er
* Analysis of decays with missing energy T (45) _
e Good reconstruction efficiency and resolution for My 15y = 10.58 GeV/c? B

neutral particles as y, K, n0

Full Event Interpretation (FEI)

Full reconstruction of one B meson decay (Btag) — determination of the flavour of the
other B (Bsig) and isolation of particles coming from the signal side — (large
advantages in analysis with missing energy/mass)

Reconstruction efficiency: ‘ _ -
- 1.5% semi-leptonic tag: o N )

more efficient but less precise| : . @,
. K : :
- 0.3% hadronic tag: O T (45) -
_ —'B_ : -

less efficient but more precise | :

/O é :

B Seesicsncecmansamssiamnaasanend | Brenesssesassscecesensanmi i aaansans




L epton flavour violation in T decays ()

.
Studied only at Signal side |
the B'faCtory T—> MU Y f

T
< T / |

SM prediction: - e A |
BF( j l )I | 1040 LHCb not competitive ~—

! K details.. Tag Side_ \

T e V. V; P

Ratios of BFs of 7 LFV decays allow to discriminate NP models!

SUSY+GUT Higgs mediated Little Higgs Non-universal Z’

(SUSY+Seesaw)
B(t — pup) ~2+1073 0.06-0.1 0.4-2.3 ~16
B(r — )
B(t — uee) ~1+1077 ~1+1077 0.3-1.6 ~16
B(t — py)
D B — 1) v <1077 <1071 <107° <10~

Belle I

Alberto Martini - Matera 26/06/2018 18



Lepton flavour violation in T decays (lI)

Belle Il expectations:

Improvement of =2 order of magnitude w.r.t. the actual limits

w 0 0 0
> ly IP IS \Y, 1] Ihh Ah
5| _
8 10 = m " ....... . ., =
© :. mE . " - n —
l- = aum__" “* = =
> 10°- = . . -
S N
- v viv Vo v v
v v
HC_) 5 vvvv v v v, v Vo v v
N 10 = v Y v vy Y -
= R v v v 7
c v v v Y yvvv v
— Y
= 108 | = CLEO
9 = - 'Eaﬁar
- - ellie
Q. ®
S . .. |« LHCb
i 107 e o . oo . o o . ® . TS e Belle ll
. - ® * % e ®® e © o s o . o © ®© O g4 o
O - o o o . 0’0 o0 ° n
o) B ¢ N
o~ 10-10 l | I I | | | | | | | | | | l | | l | l | | |
8 >>3 :Cfccoxmzu_u—oo_oo_o*x* |:d§49'9'33 vo'zsoxE t:xx '='E xfx“”!‘”:: Y\ < I<< <
“’1031“’1“33-@1“’301 o'z 05’ mlmmz_:s_:s_mt:l:;:.:xx!xowxwm:_q, So'n F R X
® 0)10)3_0)10)1@1@10)10).1:!: :;:xx
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Flavour anomalies in R(D*) and R(D)

Observables:
BF(B — D*t v)

Belle I

Alberto Martini - Matera 26/06/2018

* SM
R(D*) = 20.252 4 0.003
BF(B — D*u v)

4.106 SM disagreement
Ve [ | T T ] 1 | T T 1 T 1 1 T T I T T T T | _
* 0.5 |~ =——— BaBar, PRL109,101802(2012) 5 —
Q YOk Belle, PRD92.072014(2015) Ay~ = 1.0 contours .
Y _ LHCb, PRL115,111803(2015) L -
045 Belle, PRD94.,072007(2016) asmmmm SM Predictions T
""" = Belle,PRL118211801(2017) R(D)=0.300(8) HPQCD (2015) =
. ———— LHCb. FPCP2017 R(D)=0.299(11) FNAL/MILC (2015) -
04 [ Average R(D*)=0.252(3) S. Fajfer et al. (2012) ]
035 - 4o —
03F 20 —
oRE = m
u FPCP 2017 | -
02 | | | P(X2)=71.6;%—_

03 04 0.5 0.6

R(D)

20



Flavour anomalies in R(D*) and R(D)

R(D*)

Observables:

BF(B — D*1 v)

* SM
R(D ) = = 0.252 +=0.003
BF(B — D*u v)
4.106 SM disagreement
B I || | ] ] | I ] || ] ] || || I 1 1 || I I -
0.5 - —— BaBar, PRL109.101802(2012) ) _
"~ | ——— Belle, PRD92,072014(2015) Ay~ = 1.0 contours .
u LHCb, PRL115,111803(2015) L ]
045 - Belle, PRD94.,072007(2016) e=== SM Predictions _
"B ——— Belle,PRL118211801(2017) R(D)=0.300(8) HPQCD (2015) -
- ——— LHCb, FPCP2017 R(D)=0.299(11) ENAL/MILC (2015)
04 [ Average R(D*)=0.252(3) S. Fajfer et al. (2012) ]
035 - 4o —
03F 20 —
. { \ =
025 «>-- =
- ‘ FPCP 2017 ‘:
02 | | | P(X2)=71.6;%—_

Belle I

It could be explained through
the existence of charged Higgs
or other New Physics models

0.6
R(D)

Alberto Martini - Matera 26/06/2018
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BO > K*O,u—'_:u_

Angular analysis (using P5/) chosen
to reduce theoretical uncertainties

FCNC: b — s transitions |Possible New Physics

15 v 1 T T T
B SM from DHMV/LQCD
10l Belle $  All Modes 4
_ ol *
b X ’ results @ Electron Modes :
BO ' @4 Muon Modes ]
0.5 ur ;
d | l |
' [ ‘ |
Q" 0.0 - ) 4 i
-0.5 F ‘ ‘
I 'LI' | ]
b ! |
Bo -1.0 } ’ + < :
d
1.5 ) L ,

0 5 10 15 20

q° |GeV?*/c?

Previous analysis done by the Belle experiment shows a discrepancy of Ps’ parameter
within a certain g2 range of ~2.60 in the SM— comparable results with LHCb analysis.

>
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BO > K*O,u—l_:u_

Ry = BR(B — K®up) /(B — K®ee) ~ 1
K

FCNC: b — s transitions |Possible New Physics

Belle |l projection sensitivity on Rk-:

1 Frmm Y I Nre WA P o OE W | ‘ X W M ; e ' wm
8 Belle Il Prospects
B -
B° 3 1
d
107} -
E LHCh
B’ — Belle
d ~ - Belle || g |
Belle Il low q2
— Belle I high q2 )

-2 1 11 | 1 1 ik 1 1 o 1
102000 2005 2010 2015 2020 2025
year

> Belle Il experiment contribution will be crucial for that measurement!

</[O

Belle I
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Spectroscopy status

(25+1)L (2S+1)
J's, *s, °p, °P, °P, P, °D, °D, D, D, *2,
60\ 5000 11000
> 4750 2
> ] 10800
g Y(4660) CC - é
B (4430
@ 45001 wearo . % 10600| -
§ -:(ﬁgL_ } Z g
42507(4.160) phlant - —— 1:2. 10400
— w(4160) .
4000 - X(3915) .
O s e wn) @™ g0
3750~ X(3872) R %(3900)
(23) (2S) | Open charm threshold w(3770) 10000}
3500 Xe2 AT N
Lco
32500 = Established 2800
3000 %' Jhy ® New States 9600
n(1S)
2750 ] Theory 9400
2500 A AT NN TN (T RSN (TN NN M. [ 1 5 1 9200
ot 1 2" 1"t 0™ 1 3~ 2" 1- o+ n? JPC

Belle I

Many intermediate states
have been already
discovered

Alberto Martini -

LJ 1SO 351 3P2 3P1 3P0 1P1 303 3D2 3D1 102 ???

Y(5S)
il

710650

Y(4s) Open flavour threshold .

o
- ] Z, (10610)

Xa(3P)

I
"ﬂb(3s) (SS) LI

n
% 2P) ., (2P) f

L}
w(2P) M(2P) N | ’
Y(1D) ¥(1D,) Y(1D ) n,(1D)

—

s (2S)H (2S)

— &
- f»z“"’x.,.(w) w“,,, hy(1P)
m Established

[ ® New States

- | Theory
" _1Y(1S)
rn.,(13)

l l 1 l 1 l | l L l L l L l | l L l L I

0" T2 140" 1737 27 1 27 27

QCD knowledge at low energies is needed
to interpretate possible New Physics signals.

Matera 26/06/2018
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Quarkonium production at B-factory

B decays Initial State Radiation (ISR) Two-photon interaction
b C _ Y e e
- = ¢ c,b .
W < ¢ ’ Y ¢ Only at
_ S A * ¢ Bellell
qAII t 3 o Y e.b oS o
quantum -- ~+ qt+ o+
numbers available JPe=1 JFe=0"T, 077, 2
Double charmonium production Quarkonium transitions —
e % Hadronic or radiative ._._
< Only at decays between states g
¢ Bellell -
e" ! c BB LW
e
JPC=1"" (J/, P(2S)) & J=0 .
BB - -'
Belle IT (9
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Charmonium status

X (4700)
Y (4660) -4 ) :
=~ X (4630
1500 } wd sl
________ z.'(_»l-ll.')A)(;l.s") v :
““““ Y (4360) . X (4350)
Y (4 |
X (4160) 2L LS4
—(4160)(2D) _Y(4140)
(4040)(3S) 2914020)
i) [iiebineinil Y (4008 vt R ve2(2P)
'{v X (3940) e e 3
;7 U (3770)(1D) e L) i X (3872 e
3 s $(25)
Current state: = 1c(25)
he(1P) Xc1(1P) et
e Many states and 3500 i
overpopulation
e Several states
have been seen J/(1S)
INn one process P i L
only
e Limited statistics p e -
JP(‘

D

</[O
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Charmonium status

Double charmonium _X (4700
- D B Y (4640)—¢ R
production <« | X(4630)
4500 o L)
X (4350)
Y (4274 '
X (4160) Y (4260) Y (423p ‘
2 hOton ¥ (4160)(2D) : Y (4140)
= p = TLHOTO(0) Z9(4020)
Interaction 4000 -2 2I | | .
~ H = Y (4008) i X(3915) | | ==-===-- Xc2(2P)
:z X (3940) 3§ T T B e
E,/ Y(3770)(1D) Z¢(3900) iy ol Gl Vo (3823)(1D)
___—f:: i UP(2S5)
Current state: 5 B0 )
h:(1P) xe1(1P) xe2(1P)
e Many states and 3500 i
overpopulation
e Several states
have been seen J/6(15)
INn one process so00 || 7019
only
e Limited statistics o = = = e
F ) z
* Exploit unigue production methods: double charmonium,
Belle II two-photon;
g &N contribution ® Large statistics samples to improve LHCb and BESIII sensitivity;
QD e Not necessarily restricted by Ecm (double charmonium, 2y and ISR).
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Bottomonium status

Current samples in fb™ (millions of events), and the proposal for Belle Il

Experiment ~ Y(1S)  Y(25) C Y(38) D Y (45) Y(55) Y(65) T
CLEO 1.2(21) 1.2(10) 1.2 (5) 16 (17.1) 0.1 (0.4) - 23%
BaBar - 14 (99) 30 (122) 433 (471) R, scan R}, scan 11%
Belle 6 (102) 25 (158) 3(12) 711 (772) 121 (36) 5.5 23%
Bellell - - 300 (1200)  5x10* (5.4x10%) 1000 (300) 100+400(scan) 3.6%
Y(3S) search for exotica in transitions Belle Il main goaIS'
moom o e Y(3S) — nirt Y(1S) and search for missing mtr/n
L transitions;

T<"5>—‘/\T<ms) T(nsS) 4’7\ s e Y(3S): rare Xp decays. Xn(2P) — 77 is sensitive to
the presence of a CP-even light Higgs;

- Q * Y(1S) = invisible, SM confirmation and NP
p O S contributions;

T(nsS) —QI o T(nS) 'I |
Z[)
T(m.S) T(mS)

Non-SM contributions from Y(1S) — yx

C

Na))

1%

Belle I
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Bottomonium status

o®(h,(1P)r') (pb)

o°(h,(2P)n'T) (pb)

Current samples in fb™ (millions of events), and the proposal for Belle Il

Experiment  Y(1S)  Y(2S) Y(35) Y (45) C_X(59) Y(6S) s
CLEO 1.2(21) 1.2(10) 1.2 (5) 16 (17.1) 0.1 (0.4) - 23%
BaBar - 14 (99) 30 (122) 433 (471) R, scan R, scan 11%
Belle 6 (102) 25(158) 3(12) 711 (772) 121 (36) 5.5 23%
Bellell - - 300 (1200)  5x10* (5.4x10%) 1000 (300) 100+400(scan) 3.6%

PRI B T 1 } PR S S S S S

Belle I

PRI BT
10.85

PR e ST ST S S Y
109 1095 11
E,., (GeV)

Accelerator requirement: Ecm = ~11.02 GeV, just above Y(6S)

Belle Il main goals:
* Determine the Zb mass wrt the open flavour threshold;
* Search for new predicted resonances;
* Use both single transitions and double cascades;
* Y(55)-Y(6S) scan — Investigate the presence of a broad
resonance at 10.750 GeV and settle the nature of Y(5).

Name L S JrPc Emitted hadrons [Threshold, GeV /c?]

mwBS) 0 0 0 w [11.12], & [11.36]

h(3P)] 1 0 1+ ntr~ [10.82])n [11.09], n" [11.50]

m2(1D), 2 0 2=+ w [10.93],|¢ [11.17]

m2(2D) 2 0 2 o [11.23], ¢ [11.47)

T;2D) 2 1 (1,2,3)~ |=x"7«~ [10.73], n [11.00],}n" [11.41]
Ths(1F) 30 3t a7~ [10.63], n [10.90], ' [11.31]

or(IF) 3 1 (2,3,4)" @ [11.14],  [11.38]

ma(1G) 4 0 4=+ w [11.31], ¢ [11.55]

T,;(1G), 4 1 (3,4,5)" |«tx [10.81],|n [11.08], ' [11.49]
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Dark sector

Minimal model introducing the dark interaction comprises:

e A’: dark photon. Boson mediator of the dark interaction
with mass ma and spin 1

e £: coupling parameter. It indicates the coupling intensity
between the dark photon and the SM photon
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Dark sector

Minimal model introducing the dark interaction comprises:

~ N
{
* A’: dark photon. Boson mediator of the dark interaction Y A
with mass ma and spin 1 ’\/VW
* £: coupling parameter. It indicates the coupling intensity €
between the dark photon and the SM photon
e X41,2: dark matter particles
107
A’ decay into invisible states
W
BABAR 2017
107
Belle Il simulation 20 fb-1
- — _ Statistical errorsonly_ _ _
At the moment, this analysis can be ]
performed only by Belle Il thanks to
the single photon dedicated trigger. qo4lb—m——d o ol o
10° 102 10 1 10
m,. (GeV)

Possible phase 2 analysis &"™=20 fb-1

Alberto Martini - Matera 26/06/2018

31



Dark sector

Minimal model introducing the dark interaction comprises:

* A’: dark photon. Boson mediator of the dark interaction
with mass ma and spin 1

* £: coupling parameter. It indicates the coupling intensity
between the dark photon and the SM photon
e X41,2: dark matter particles

A’ decay into invisible states

-
-
-
.~
.~
~
.~ -
~
~
F~ ~ -
.~ ~
~~ ~--
~
e mmmmEm == -
-
-
-
L1 | I | 1

s 10
< - =
£ VL
X1 g7 107 E
i

\)(2

*" Belle Il (Phase 2)
Belle Il (Phase 3)

- LDMX1@4GeV

I Y Y Y Y Y A

pe LDMX2@8GeV
At the moment, this analysis can be 10-15 ‘;“""""d
performed only by Belle Il thanks to ;_ ........
the single photon dedicated trigger. 117 —l - Lol
107° 1072 107 L
. m, [GeV/c
Possible phase 2 analysis &"™=20 fb- a !
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Conclusions

e New collider SuperKEKB — Z'"'= 50 ab-! before 2026

e |Improved detector performances: good neutral particle
reconstruction, resonances, decay vertices and events with high
missing energy.

e Fundamental physics studies: CKM matrix, CPV, LFV, FCNC, dark
sector.

e |nstallation and insertion of the detector: 11 April 2017
e Current status, phase 2: first data analysed without vertex detector.

e Phase 3: data taking will start in February 2019 with the whole
detector installed.
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Accessible channels and o at Belle ||

Channel Belle BaBar  Belle II (per year)
S 8 8 10
Number of particles produced, g(lf);((i? :g 8 106 4810 L1 x 108
assuming 100% of beam on s Ds .0 x10 — 6.0 x 10
each resonance. T(1S5) 1.0 x 103 1.8 x 1011
Y(25) 1.7 x 108 0.9 x 107 7.0 x 1010
T(35) 1.0 x 107 1.0 x 108 3.7 x 1010
Y(55) | 3.6 x 107 _ 3.0 x 10°
TT 1.0 x 10° 0.6 x 10° 1.0 x 1019
Process Cross section (nb)  Rate (Hz)
T(4S) — BB 1.2 960
ete” — continum 2.8 2200
ptp 0.8 640 Total event rate: 20 KHz allowed,
TtTr— 0.8 640 thanks to improved detector
Bhabha (6, > 17°) 44 350 system performances.
YY (,Hlab > 17°) 2.4 19 ¢
2 processes? ~ 80 ~ 15000
Total ~ 130 ~ 20000

“ Rate is pre-scaled by a factor 1/100
b ()lah 2 170, Pt Z O.IGeV/c
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E.+ ~ 4GeV N - Ecwm at the resonance of Y (4.5)

e-
"""""""""" E.- ~7GeV

T(45) 5 - Center of mass boost:

My 45y = 10.58 GeV/c? By =0.28
Symmetric beams: Asymmetric beams:
By ~0.06 — Ar ~ 30um By ~0.28 — Az=0v-c -7~ 130um
Decay vertex can not Decay vertex can be
be resolve. resolved.

Belle CM boost: 5y = 0.425 — more separation but less luminosity.

back..
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B — K*%p

FCNC v Z/
|
SM prediction box diagram + penguin: ;ﬁ“ﬂ< Y Z.
/
W~ v

BFsy (B — K*%vp) = (9.48 £1.10)- 1076 N L b [,/

Upper limit measured at Belle:

BFgeje(B — K*%up) < 5.5-107°

Could lead to New Physics!

SM validity can be proved at 50 through the decay rate
measurement using the whole Belle |l statistic: P™=50 ab-

D
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Complementary to LHC

Observable Expected th. | Expected exp. Facility
ACCUTACY uncertainty

CKM matrix

Vis| [K — v == 0.1% K -factory

Va| [B — X v o 1% ' [1

V| | By — wiv] ¥ 4% lle 1]

sin(2¢, ) [eEKY M 8.103 [/LHChH

02 1.5° }

P . 3° LHChH

CPV

S(B, — vd) ** 0.01 LHChH

S(B, — &) o 0.05 LHCb

S(B; = oK) M 0.05 [/LHCh

S(B; = n'K) anx 0.02

S(B; — K*(— K27%)9)) R 0.03 Belle I1

S(B, — &7)) Hx 0.05 LHChb

S(By —= 7)) 0.15 Belle 11

A%, o 0.001 LHCh

A.Q'I . 0.001 LHCb

Acp(Bg — sv) v 0.005 I []

rare decays

B(B — 1v) ** 3%

B(B — Drv) 3%

B(B; — pv) e 6% |

B(B, — up) 3% 10% LHCb

zero of App(B — K*uu) i 0.05 LHCb

B(B - K'“ww) My 30%

B(B — sv) 4% |

B(B, = v7) 0.25-107° [T (with 5 ab™1)

B(K — mw) = 10% K -factory

B(K — emv)/B(K — pmv) M 0.1% K -factory

charm and 7

B(t — pv) e 3-1077

q/plp i 0.03

arg(qg/p)p e 1.5°

Both LHCb and Belle Il are needed to
cover all the precision flavour physics
aspects.

LHCDb:
* Decay channels with charged
particles in the final state.

Belle II:
* Decay channels with some neutrinos
or neutral particles in the final state;
* |nclusive decays;
* Decay channels involving long lived
particles: Ks & KL

back..
B. Golob, KEK FF Workshop,

Feb. 2012
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Hadronic spettroscopy

M.B.Voloshin, Radiative transitions from Y(5S) to molecular bottomonium, Phys. Rev. D 84, 031502(R) (2011)
Bottomonium mass spectrum - Real interest at Y(6S)
r 7 12000 [
=o | mopen i)
b 7 a o ‘P
11.0 | (11097 e X0t(11.014) 1.(10.939) a 2 8000 Z,(10610) and Z,(10650) b
’ by, (11.016) Xio(11.004) P . = .- ;s 03
D] o) N0 209 Xau(10.856) 2 o . | PRL 108, 122001 (2012) ,
Xio(10.798) Thel 10959 T,(10.928) Yis(10.853 - 5 4000 3 y
m, (10.869) (10.788 : hyy(10.853) o - T,(10.772) i | L ~ :
(10.790) X51 L. T4(10.711) \s2(10.850 10.770 T,(10.770) ..' - ) Y
L il o { )TT—, o ’x_.. 770) J St - e Tirey ",‘ ‘
T(10.635) a1 > T08 1,(10.705) Y0,(10.622) ’ .(10.769) L~ O TR # 1 s ‘
h(10.706) 2000 % ‘
— [, (10.623) X12(10.550) Hieme) ,(10.619) Xs3(10.619 Y;(10.532) A/ 104 105 106 107 |
{ =aQ - . —_—— 2 h
% 10.5 - hyy(10.541) X51(10.538 I T,(10.455) Xio(10.615) ma(10.530) T,(10.531) - M__(x) Gevic' - , ! '
O t VO (10.450 T,(10.449) Y54(10.358) T,(10.529) N ;y * r’ - ’ ‘ - .
~— N T,(10441) — ' 10.355 B*Bt Zb “ u) » F ' ' “ ’.)
[, (10.336) Xi2(10.261 hy(10.355) XagU 10099 7 ’ ‘ ab om s o
f N . - —————— — , '
& t |h (10.250) X11(10.246 (10.155 Xie{10.350 4 ’
© — Ya(10.226) First Observation of the P-Wave Spin-Singlet Bbttomonium States h,(1P) and h,(2P) l N )
= ' . Y25) 2 K4 ;
: = Tm, by, mp  Mm, X7, Lp s : Xs7, Lp
Y12(9.897) ] : '
F . (9.876) ¥ =
Xi0(9-847) ',5. ﬂ ’ . ‘I
- g ' Y(3S) B*B Zb N “ bl +
| - —_— — ;- — —
9.5 l
104 T, hyw, mp o7, Ip

M. (Gev/c?)

PRL 108, 032001 (2012)

: S() ’ Sl : Pl ’ IJ{().I.Q: l D‘_’ ’ D| 1,2.3) : E; ’ Ir!l:!mll : G»l ’ G(:i.L.’;) n' I”

BB b
S. Godfrey and K. Moats, Bottomonium mesons and strategies for their observation, Phys. Rev. D 92, 054034 (2015)
S. Godfrey and N. Isgur, Mesons in a relativized quark model with chromodynamics, Phys. Rev. D 32, 189 (1985).

mT, Xe7, Lp
Many intermediate states have I6(JP): 1+(1+) 1-(0%) 1-(1%) 1-(2+)
The heavy quark spin symmetry implies that in addition to the recently observed Z(10610) and
been O bserved an d m any Z(10650) molecular resonances with /9 = 1", there should exist two or four molecular bottomonium-like

states with /9 = 1™, Properties of these G-odd states are considered, including their production in the

Others have not radiative transitions from Y(55), by applying the same symmetry to the Y(55) resonance and the

transition amplitudes. The considered radiative processes can provide a realistic option for observing
the yet hypothetical states.

QCD knowledge at low energies is needed to
iInterpretate possible New Physics signals.

back..
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SuperKEKB luminosity projection

605_ Goal of Belle 11/SuperKEKB

Integrated luminosity
(ab™)

9 months/year
lzo dayslrlnonth

x103°

PP B _ i PR BPEPEPEPE EFEPEPEPE EPEPEPEPE B
2?)17 2018 2019 2020 2021 2022 2023 2024 2025

Calendar Year back..
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Peak luminosity
(cm3s7)






