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Beyond the SM physics

Open question unexplained by SM — New Physics beyond the SM

Belle & Belle Il operates at the “Intensity Frontier”

High precision measurements , probing SM indirectly

Origin of Universe

- as measurements of the SM-forbidden or suppressed process

Unification of Forces

New Physics
Beyond the Standard Mode/

B-factories:

ete™ collider @ Y(4S) — BB

SuperKEKB collider : 530 ﬂ?_1 @
Y (4S) [2019-current]

SLAC-PEP II collider : 462 b~ .;(B KEKB collider : 711 fb~! @
@ Y(4S) [1999-2008] == Y (4S5)[1999-2010]




e Asymmetric eTe™ colliders
e (Collisions mainly at 10.58 GeV , 1.e at Y (45) resonance

KEKB
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Belle & Belle 11 detectors

SIDE VI
Backwjd Barrel ] Forward

_J Belle Ii KLM
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+ 2 layers PXD (pixel detector)
+ 4 layers SVD (Silicon vertex detector)

VTX:

Belle KLM

e Well-known initial state condition

e Benefits from clean environment Belle II TDR

e Efficient reconstruction of neutrals

 Boosted center of mass that allows for time-dependent measurements

 Hermetic detectors — 1deal for studying neutral or invisible decays


https://arxiv.org/pdf/1011.0352

Belle 11 data -taking
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We are suffering from sudden beam loss events, with large doses at the

interaction region.

In a couple of them two channels of PXD were damaged

- as a precaution, 1t has been decided to keep PXD off while investigating

the sources of the sudden beam loss and implement countermeasures to

stabilize the beam operation

~
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Belle & Belle II Physics Program

 Primarly a B factory, but not only!
- tau, charm physics
- Clean environment for spectroscopy anddark sector

- Low multiplicity.decays, (g, — 2)

O Variety ofanalysis:
- Life time, time-dependent analysis

- Missing energy and misSing mass
INVvISthla > o)

e Highlights:
- ' CKM physics
- Rare B decays
- Spectroscopy

Cross sections
ole'e > bb) = 1.1 nb

- Tau lepton flavor universality(LFU) and violation(LFV) |l el S

ole'e - 1) =0.9nb

- etem = gtn ¥ for g, —2




CKM matrix - elements |V, |and|V |
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Different measures carried out by Belle and Belle 11 4

-1 V., | angular coefficient of B — D*[v Belle arXiv.2310.20286 (PRL accepted%‘8
3.6

3.4
. 32

a. from B — (#n/p)lv simulta@ arXiv.2407.17403 3
-1V, | submitted to PRD 19 g

b. Simultaneous inclusive and exclusive |V,,|  Belle PRL.131.211801 26 38 20 2 24
IV, [107)



https://journals.aps.org/prl/supplemental/10.1103/PhysRevLett.131.211801
https://arxiv.org/pdf/2310.20286
https://arxiv.org/abs/2407.17403

CKM matrix - Simultaneous measurement of B — 77 [7v, B* — pI*v

New measurements from Belle 11

Full Runl data of 364 fb~! with inclusive tagging strategy

O Extract 81gna1 yield by combined fit of M, and AE for
each bin of ¢*:

- 13 bins for 7-mode AF — E* [

beam

- 10 bins of p-mode

- Build up BDT discriminator to suppress B — X [v
and continuum

BB° - w7lv) = (1.516 = 0.042(stat) £ 0.059(sys)) X 107

= \/E? - 155 I

Consistent with World Average

0 07+, \ — —+ + —4
B(B” — p l"v;) = (1.625 £ 0.079(star) = 0.180(sys)) X 10 Compatible precision

w.r.t. Belle and BaBar

| Vip L, = (3.73 £ 0.07(stat) + 0.07(sys) £0.16(theo)))x 10~

[ Vil gy = (3:19 £ 0.12(s1ar) £ 0.17(sys) £0.26(theo)) x 1073

arXiv.2407.17403

~ submitted to PRD
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https://arxiv.org/abs/2407.17403

BY = 7YY at Belle II : overview Preliminary,
i 1n preparatlon

(o1

Vudvub

Tree level b — u processes allow extraction of ¢, ( or ) (least precise CKM angle)

Build upon previous Belle II effort and extend to full RUN1 data sample with improvements:

- Improved photon selection

. 5V " Belle i prelimin ——
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O b — svr are highly suppressed in the SM Highly sensitive to non-SM contributions W+  SM Average
- ] | o Belle IT (362 fb!, combined)
b— ;;;1;0 1111(361211)1 hadronic)
! —— ]Blolli; 1111(3612ﬂ)1 inclusive)
o Precise prediction in the SM:  B(B* — K*vi) = (5.6 £0.4) x 107 arXiv 2207.13371 ) Belle I (63 ", inclusive)

19415 PRL127, 181802

Belle (711 fb!, semileptonic)

1.0+ 0.6 PRD96, 091101

e Leading theoretical uncertainties from hadronic form factors
PY Belle (711 fb!, hadronic)

29416 PRDS87, 111103

BABAR (418 fb!, semileptonic)

0.2+ 0.8 PRDS82, 112002

o BABAR (429 fb'!, hadronic)

1.54 1.3 PRDS87, 112005
1 1 1 1 1 | 1 L 1 | I 1 1 |

0 2 4 6 8 10
10° x Br(BT—K " vp)

Belle reports upper limits only; branching fractions are
estimated using published number of events and efficiency

o Existing results are from BaBar (PhysRevD.87.112005) and first analysis
with Belle II (Phys.Rev.Lett.127.181802)

SR W -—--——-_--_*

o Experimental challenges: L.ow BF with 2 neutrinos in the final state and high bkg
contamination mainly from continuum

-
- Used to complementary B tag approach : low purity-high efficiency (0.8%-8%) and its opposite TA K- HTA
\ .
(3.5%-0.4%) [ ) , B,
- Signal selection combines kaon , event topology and the rest of the event properties in MVA g
classifiers ¢ ey et
- A
- Bkg validation : from semileptonic B-decays: (BT — K*nii, B¥ — K*K°K") ‘x
o Inclusive method validated by closure test by measuring. (BT — 7tK") Inclusive
state



https://arxiv.org/abs/2207.13371
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.112006
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.112005
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.181802

Rare Decays :BT™ — K vv evidence

BBt - Ktub)
B (B+ - K*+uD)

© Parameter of interest: y =

O Binned fit to extract u:
- ITA : 2D fit on a classifier output [7(BDT,)] bins and g* bins

- HTA: fit on a classifier output n(BDT))

© Combining ITA & HTA we have a 10% increase 1n precision w.r.t ITA alone

Combined: u = 4.6 = 1.0(star) £ 0.9(sys)
3.5 o significance w.r.t bkg-only hypothesis

2.7 0 deviation above SM predictions

First evidence of B¥ — K vU process |
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.112006
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Rare Decays BO — K 0 +T motlvatlon Preliminary,
; e vee . paper in preparation

O These processes are suppressed in the SM and occur only a loop level
By = (0.98 £0.10) X 10~/

O Sensitive to new physics models accommodating the b — crv anomalies

e Might correlate with enhanced b — st7 decay rates

Belle 11 (364 fb™1)
hadronic B-tagging

o Belle (711 fb™1) : BBY - K7%7t7) < 3.1 x 10~ @ 90% C.L.

Experimental challenges:
e Low branching fraction
e No signal peaking kinematic observable
e [arge background + more than 3 prompt tracks

 Up to 4 neutrinos originating from 7

o K'Y has low momentum due to the phase space



Rare Decays BO - K *OT+T_ strategy and results

O Combination of charged particle from 7 decay lead to 4 categories:

175 }
I, Ir, nre, pX

(WY
on
Qo

o BDT is trained using missing energy, extra cluster energy in EM
calorimeter, M(K *Otf), g°.etc

(-

b

o
T

Events / bin
=
-

o BDT output #(BDT) 1s used to extract the signal yield with stmultaneous
fit to 4 categories

~J]
*]

BB’ - K%t )=18x10"7 @90%C.L

T ' 1] L] L Ll ' 1] Ll

Bellell preliminary

; /ﬁdt.=362 fh-!
_ (¢ category

i

¢ Data
mm B'oKYrt 7
B BB

g
<77, Uncertainty
—— Signal B=10"%

o Twice better with only half sample w.r.t Belle : better tagging & signal efﬁciengi%

o The most stringent limit on the B — K 7+

*

7~ decay and in general on b — s77 transition

R ————=====——w;yw



Rare Decays :B" — Kgfil“_“ motivation Preliminary,

paper in preparation

o New heavy particles might accommodate the B(B* — K~iv) excess and b — ctv anomalies

- new physics coupling preferentially to 2nd and 3rd generation leptons could result f (’) f
in observable decays to b — stl (Lepton Flavor Violation-LFV)

o BaBar (428 fb™!): Bt — Kr*[7F PRD.86.012004 E Np
e LHCb(Otb™") :B* - K*ttu=, B’ - K'%*u™ JHEP.06.129, arXiv.2209.09846 S
o Belle (711 fb") : Bt - K*r*[¥ PRL.130.261802

Y o First search in BY — K)r*[F
Most stringent UL

O Belle + Belle II (711+364 fb_l)
+ hadronic B-tagging

Recoiling M


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.012004
https://link.springer.com/content/pdf/10.1007/JHEP06(2020)129.pdf
https://arxiv.org/pdf/2209.09846
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.261802

Rare Decays :BO — KOT l+ strategy and results

O Final states involving presence of neutrinos — can compute recoil mass of 7 }D(*’i KO
S
O Kg reconstructed from a pair of opposite charged pions — after selections more than 98% purity B / .
. . . sig t;
o Semileptonic B decays are primarily background g
O The remaining background 1s treated with the use of a BDT h
10 B’— Kg‘cm' B’— th'w
‘E ' Belle+Belle Il preliminary e gz:gal i g 13 Belle+Belle Il preliminary - E’;‘g .
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° ° . o 3 d
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Belle 11 Physics Programs

e Highlights:

- CKM physics Q
- Rare B decays Q

- Spectroscopy
—ete™ - ztzz#Y for g, =2
--Tau lepton flavor universality(1.FU) and violation(L.LFV)

1 . — (' r\,\ ~— \%v, . (,/ et ST ,

Cross sections
ole'e > bb) = 1.1 nb
| ole*e > cc) = 1.3 nb
ole'e - 1) =0.9nb

5 oy ,4.1‘ A= g L e S g e TR o

‘. \ I » LV- ""’:"“vj""-"v-‘ e ‘1..- BRI SAG ‘;'.- - — »‘*:..- o ~'.V:-‘».» apmon  ~: - SRR v:»‘ TR S RN Vi» RS SRR RS A * ‘ | | |



Spectroscopy: Improved measurements of Y (10753) at Belle 11 |
T S S RSttt VU, arX1v.2401.12021

o New energy scan performed by Belle IT to fill in the gaps of Belle scan Accepted by JHEP

+

For a total integrated luminosity of 19 fb™! Reconstructe™e™ — 7 7~ X (nS)(— p " p™)
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O Observation of Y (10753) in agreement with Belle results :

35
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https://arxiv.org/abs/2401.12021

Spectroscopy: Search for Y(10753) — wn,(15)/ ;(bO(IP) at Belle I1
P —————— e ———T e TP o P A AP R TP LA AR A A St R O O R A PRD.109.072013

o Y(10753) tetraquark interpretation predicts a strong transition to wr,(1S)

Compared to 217~ Y (nS)

w1e (15) wXbo(1P)

'l
=3

40000
35000
30000
25000
@ 20000
15000
10000

5000

o Validate the model with reconstruction of 120

—— Data
- . — Total fit
w — ntn~ " and look for a peak in the 100

recoil mass distribution

s per 10 MeV/¢?

Belle Il, 9.8 fb™
— Total fit Vs = 10.745 GeV

Belle 11, 9.8 fb™
s = 10.745 GeV

—— Data

Candidates per 5 MeV/¢?
=

Candidat

Ilflllllll llllll]”ll]llII[IHI[IITIIHT

N
o
lllllll]lllllllllfl IIIIII

o(eTe” = wy, (1P)) < 7.8 pb(*)
o(eTe” = wn,(15)) < 2.5 pb

600
400
200
0
-200

~400 ~-1000
-eo0p- ~1500

No significant signal observed * Tetraquark model not 92 925 983 935 94 945 95 955 96 el
S S q M. (nnr?) [GeV/c? M ooi(n® © %) [GeVic?

— 1 (15)
----- nn:{1 S) upper limit

— Xy s o 1P)
----- xbo(1 P) upper limit *

[IITIITIII

-500

Candidates per 10 MeV/¢?
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o
3

IIIIITII]E

reooil(

supported

(*)obtained by averaging the result of this analysis with the previously
published one Phys. Rev. Lett. 130, 091902


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.072013

Measurement of e*e~ — 777 7" cross section at Belle 11 Preliminary
o Motivation:
HVP

- Non-negligible uncertainty in the theoretical predictions

- hadron vacuum polarisation produces the largest uncertainty in the dispersive prediction of (g —2), (HVP, 82%)

- Cross section eTe™ — hadrons is an input to the dispersive calculation and gives largest uncertainty
Perform the measurement 1n the energy range from 0.62 GeV to 3.50 GeV

- Initial-state radiation (ISR) method Measured at Belle II exploiting ete™ — 7r+7z_7r0;/ISR

— Scan region 0.7 < \/E < 3.5 GeV by y;¢p reconstruction
s' =5 — 2y/sEsr

e+
Allows to scan a wide range of M(7x)

Hadronic system energy rather than having to scan the c.m energy

Js'=0.4—3.5GeV

Initial e*e- energy
Vs =10.58 GeV

° Y Used 191 fb~! of Belle II data @ Y (4S)

Initial-state radiation : ISR
EISR > 47 — 53 GeV

Recent predictions of LQCD show 2 — 3o differences from values based
on dispersion relations — new experimental measures are important


https://arxiv.org/abs/2404.04915

Measurement of e+ - — atz 7'ross section at Belle II

arXiv.2404.04915

- Belle Il Preliminary

- [Ldt =191 fb

+ ,— +_—_0 -
ete” = Ygpm (= ¥Y) L+ Dats
0.0

o O
4 | LA AL A 0
10" E Y e &

Measured at Belle 11 with Signal process : 10°

= [l KK o 0 °
- [l Non-ISRqq  » °‘:% ;° o
1 03 - - FSR %90 09% °f %

O Signal extracted by fitting M(yy) in each M(37) bin

o Signal efficiency and DATA/MC corrections:

Entries per 25 MeV/c?

- Tracking efficiency

- 7 detection efficiency

- High energy photon detection efficiency

o0 Systematic uncertainty dominates: modelling of higher-order 0.6 0.7 0.8 0.9 1
corrections and efficiency M(3 Jl') (G eV /Cz)

Integrated over 37 cross section from 0.62 - 1.8 GeV

LO HVP 3, T—10
{. (O 62 N 1 8GeV) (48 91 + O 25 stat — 1 7Syst) X 10 1 ] 6.7% or 2.5 o higher than current global average from BaBar,

CMD-2 and SND



https://arxiv.org/abs/2404.04915

LFU tests

In the SM all charged leptons have equal coupling strength (gl) to the W boson: LFU — may be violated by new forces [1]

f(mez/ mfz)
" f(m2/m?)

‘For each BB event we get ~ a 77 pair |

| Bellg II optimal for 7 physics too |

e Test of i1/e universality in 7 decays

- Intheete™ —» 77

Full Belle Il RUN1 data sample 364 fb~!

-Signal side: e or u

-Tag side: 1 charged hadron + > 17"

RM

BTt~ > U U UT)

Bt~ — e D,u,)

(%) -

Purity 96% and 92% for electron and muon

channels

- Background suppression using a Neural Network

- Systematics dominated by eID and trigger

R, obtain by binned maximum likelihood

fit on momentum spectra on u/e

Most precise test of light lepton universality in 7

decays

7~ one can separate the event 1in two hemispheres: tag 7, and signal 7

x10*

un

Belle Il preliminary W (v~ =g 0w )ir* - nr®i)

det = 362 fb~! R Other (true u)
R Other (fake y)

Uncertainty
¢ Data

1.01 | v : . {

1.0 4*#1—-"«#-4—-«&-*-#-4-4-Q...*..*.‘#..*,.*_i,; *_‘}.
0.99 —d A

1.5 20 25 30 35 40 45 5.

Data/model Events per 0.167 GeV/c

R, =0.9675 £ 0.0007(star) = 0.0036(sys)

p, [GeV/c]

8,/8. = 0.9974 £ 0.0019

nght lepton unlversallty In 7 decays

JHEP.10.1007

<l

tag side @
\\ W* p* ﬁ<:

signal side

CLEO (1997)

S —
1.0026 = 0.0055
BaBar (2010)

i

1.0036 +0.0020
Belle Il Preliminary (2023)

-
0.9974 + 0.0019
combination

B

1.0005 +0.0013

A " " L 1 L " L 1 L " L 1 "
1.00 1.02 1.04 1.06
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https://link.springer.com/article/10.1007/JHEP08(2024)205

Search for LFV decays: 7 — uuu arXiv:2405.07386
Signal Side

" Talk by A.Thaller )

A lot of interest in LFV decays at eTe™ colliders, with ~ 50 modes: #
T ly,t— I, v —
P/ane Z "
These are rare decays : it’s all about maximising the statistics! o St axs
‘%' | Belle II (Preliminary) —— Signal region 42 > < s
0.3 - df — 494 b — +204 region )
'Q_D' il /l: o 241 —— Sidebands , 5
> 1 B(r —=p ptp)=6x10" + Data 10“7‘6
- Almost free from SM background LS 0.2 - = . Norequirement
] 5 o "~l'
. »~ £,
- Very good resolution on the energy and the momentum . 3:; & Tag Side
| 1022
0.0 - 7
Signal: ;
- reconstruction of signal candidate by combining three muons ~0.1 4 p" o
Background: 1l
. . qe e —0.24L" n —
- Selections to remove low-multiplicity events i = L2 Bl (v minary) Expected CL. 4 20
: - 1] * i [ [Ldt = 424fb! BB Expected CL,+ 1o
- BDT tO reJ eCt qq events —0.3 . Tl 170, — ll !7rl T 11 ]801 T Il ;;rr 1.0 - Expected (ILs median
' Y ' o —4— Observed CL;
M, [GeV/c?] 0.8
90% CL upper limit on Branching Fraction 0.6F
Bt — uup) < 1.9 x 1078 0.4F
No excess 1s found! 0 23_
World’s best limit!!! i
T —— 0.0F



https://arxiv.org/abs/2405.07386
https://indico.cern.ch/event/1307446/contributions/6039362/

Conclusions

o Belle and Belle II have been and will continue to collect excellent data for various physics programs
© Many more measurements are 1n progress

© You can find more on our public publications page : https://www.belle2.org/research/physics/publications

© Only a small fraction of the exciting results are included 1n this talk

o Belle II has restarted collecting data from its Run2, aiming to significantly increase its data sample in the next few years

o Looking forward to more data in the coming years a“‘e“'\:\()“
X



https://www.belle2.org/research/physics/publications
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Belle & Belle 11 detectors

D

o

Belle II

ECL (electromagnetic calorimeter): Updated electronics K

° o l\ ] Xx:éﬁa\i\{{{\r7€\‘:\‘\*>«\‘\f\l>x ] ,lir‘aaé)@;‘: V.j J J Vf—wﬁ%‘,\/
PID (Particle Identification):  DCLET K/ separation under L0 L) 3 i S o ™
higher bkg level - \ : _

CDC (Central drift chamber): 1arger volume, smaller drift *
(Central drift chamber) cells and faster electronics ﬁmmflff

VTX:

- 2 layers PXD (pixel detector)
-4 layers SVD (Silicon vertex detector)

Backwa

Barrel

Belle I KLM

per conducting coil

Well-known initial state condition

Benefits from clean environment

Efficient reconstruction of neutrals

Boosted center of mass that allows for time-dependent measurements

Hermetic detectors — 1deal for studying neutral or invisible decays

Belle KLM

Belle Il TDR

rward



https://arxiv.org/pdf/1011.0352

LFU tests Measurement of R( /1)

Phy.Rev.Lett.132.211804

o LFU: SM expects lepton coupling to EW gauge boson to be flavour-universal - o4 o 2, AEMSLEA SR A T
a :
e Ratio of the branching-fraction of senile-tonic decays M035 [\ eezee | Belle BaBar -
D LHCb* =
Br(B — Hrtv,) o3 [\ M -
R = 5B = i, : '
Where H=D,D*, X, #... andl=e, u g
0.2 =  4HFLAV SM Prediction R(D) =0.342 +0.026,,, —
> - R(D) =0.298 = 0.004 R(D*)=0.287 0.012,, -
NeW - | R(OH =024 :o.oosl | lg&z';)fg % .
0.2 0.3 04 0.5
» Measurement of R(X_,) has been carried out with 189 fb~! of Belle II data R(D)

- Reconstruction of B — Xrv_and B — Xlu;:

- Hadronic tag: tagged B reconstructed in 1ts hadronic decay modes (using Full Event Interpretation (FEI))

. . . _ _ ignal Side
- Signal : B — Xy, with leptonic decays (v — ev v, /uv ;) ‘ Sei:ws,
/" Hadronic Tag e’ ! /,ﬁ’
- Normalisation: B — Xlv, (with I=e, u) g

Background contamination and modeling of many decay channels 1n signal side 1s the challenge


https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.132.211804

LFU tests Measurement of R( /1)

° Signal extraction:

- 2D binned maximum likelihood fit to extract the signal and normalization yields for

both electrons and muons modes simultaneously

- In bins of pl and M?

miss

- ¢ channel: R(X_,,) = 0.232 £ 0.020(star) £ 0.037(sys?)

- u channel: R(X_, ) = 0.222 = 0.027(stat) £ 0.050(sys?)

T/u

R(X ) = 0.228 = 0.016(stat) = 0.036(sys?)

Agreement between the e and y channel measurements

Consistent with SM prediction (0.221 = 0.004) and R(D*) anomalies

T = with expected SM contributions of D" . X, removed

(gap)*

68.3% CL contours

SM prediction

J. High Energy Phys. 11, 7 (2022)

0.35}

R(D")
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AAAAAAAAAAA

0.05 0.10 0.15 0.20
R(thf )

0.25 030

Belle II: e
Belle II: x4

Belle II: 7

Phy.Rev.Lett.132.211804

Belle II JLdt=189fb~"!
M2 <1 | M% . €(1,23]| M2 €(23,4]| M2, €(4,6] | HER Xi—ewl
oo B Xev
£ 20 2.4+ [ BB Background
Q B Continuum
o 16 2.0F @22 MC tot. unc.
Q ¢ Exp.data
212 Lo M € O8] M3y >3
) !
3 8 | o o ¥,
o .
S 3E ect e
SN IElectron..
D 0 s = i h_ h__ L
&J 2 C ° ° * ° °
. Q2" . — o . I m s s
c 2 . < . .
B N OO M ° ° 5t e e e e e e e e e nmowmmom - = -
cRo-T ey cRoadIq
Z v © O = = = A vy © O = = A
pf [GeV/c]
Belle II JLdr=189fb~!
M2 <1 S| M2 e(1,23]| M2, €(23,4]| M2 €(4,6] | HER Xt—uwly
0 Xuv
20 2.4} 1 BB Background
B Continuum
22 MC tot. unc.
¢ Exp. data
MI%]ISSE(6 8] MI%IISS>8
1.2

2 [ ] o o
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.132.211804

Rare Decays :B™ — K™vv validation and corrections

PhysRevD.109.112006

o Used to complementary B tag approach : low purity-high efficiency (0.8%-8%) and its opposite (3.5%-0.4%)

o Signal validation: event selection by combining signal Kaon,

t topol t of the event in the MVA classifi
CVEnt TOpOIOEY, Test O the cvent I Hhe CHASSIHEDS o Full Belle IT Run1 data sample (362 fb~!)

0 Background validation: background from continuum A K } 2, e 5
Semileptonic B deca p. i ) '
emileptonic B decays L O i |
+ + 7 ‘ ,
BT — K" nn n;‘x —~ (I{48)) +——
.
B* — K*K°K" Fial state Pudl
=t o
Hadronic /"
B - K™D( - K; X) Final state.

pions fake

O Inclusive method validation:

- Closing test by measuring B(B* — z+K")


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.112006

Rare Decays : double radiative B — yy at Belle and Belle 11 Preliminary

Accepted by PRDL
e Flavor-changing Neutral Current (FCNC) b—d decay with B(SM) = 1.4J_“(1)'§l x 1078
. . iy . | b
Highly suppressed 1n the SM |, sensitive to New physics > ! ; VWY
0 |
: : : : B W~ : Yq
* Two photons in the final states makes 1t experimentally challenging .
|
. . ) ' q
e Previous measurements only set upper limits a P I y
Experiment | 7t Limits @ 90 C.L
L3 73 pb! 3.9 %107 Phys.Lett.B363 137
Belle 104 fb~! 6.2 x 107’ Phys.Rev.D.73.051107
Babar 426 fb~' 3.2x 107" Phys.Rev.D.83.032006

e Improve with larger statistics: Belle (694 fb~") + Belle Il Run1 data (362 fb~")


https://arxiv.org/abs/2405.19734
https://www.sciencedirect.com/science/article/pii/037026939501224E?via=ihub
https://www.sciencedirect.com/science/article/pii/037026939501224E?via=ihub
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.83.032006

Rare Decays : double radiative B — yy at Belle and Belle 11 Preliminary
Accepted by PRDL

e 3D fitto AE, M,,

e Belle (694 fb~!) + Belle 11 Runl data (362 b~ 1) f Combined

: ] i $22 2 1 Signal
0 - 133 _8 © 35F Belle Lat=694fp" 9" L~ Bellell f Ldt=362fb" Background
HB(B” — yy) = (5.475 (star) £ 0.5(sys)) X 10 % a0l f B0y - Background E’ fgé B0 -+ Backgroun
« | —- Data < 16 4 Pata
v25 —— L C
0 _ +3.7 —8 - . ’ =gy ~ 14
HB(B” — yy) = (1.775 ,(stat) £ 0.3(sys)) X 10 %zo; T _ 2 12}
D15 <+ | :>j 10¢
; e, 8¢
10 - e 6L
5 + 4
N 2 :
IR YT T SN TN A W TR TR WO N TR T TR S [ ot SR T SN N R S -
e e , A YO Y SRR TR AR WA RN TRRT SO AT TR SO R TR S St Skt M MY Mt G PO
World best Upper Limit: 822" 525 526 527 528 520 24 525 526 527 528 529
M, (GeV/c?) M (G
. (GeV/c?)
> o b 1 - Signal ~16 F
o 35 Belle f Ldt = 694 fb gna S O 1 Signal
= A Background . | Bellell Ldt =362 fb
UL <6.4x107% @90% C.L < L —— 21 Jaz20n" - sk
— L‘: 25 -¢— —+— Data §12 —_‘_ —+— Data
1= = @ 10 =~
15 3 > 8 - I Y -_-...,,_‘_
S R s T L i —— ..,.}"‘ ——
10} + ......... 6 [ e
5 — 4 .
] ] ] ] 0:....1....LJ..L|....|....|....|....1.... 2:—
Fit projections on M, . transtformed continuum BDT output -06€ -05 -04 03 02 01 0 0.1 02 0 e e T
AE (GeV) 0.6 -0.5 -04 0.3 02 01 0 01 0.2
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