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Belle&Belle || Experiment

» B-factory - asymmetric et e~ collider
SuperKEKB

KEKB .
World Record Luminosity: " Designed Luminosity:
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211 x10% cm—2s!

Belle: > .
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(772 x 108 BB at T(4S)) ete — T(4S) — BB aims to record SQak? at 2027
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» many processes sensitive to BSM physics



BSM Scalars @ Belle experiment

€+

New Belle results: .
H 1%
B— DYry o - .
> R(DX)) = BB=Drvy)

~ B(B—D™ituy) q > q
» D* polarization

B+ — €+I/ H+ |
» BT — utv B > <
T(2S) = mir T(1S) "
» light CP-odd Higgs (A°) . "




B — DY ry

ete” — T(4S) — BB (B B.;) » Inclusive
B, — hadrons (inclusive modes)

PRL 99, 191807, (2007).,
PRD 82, 072005, (2010).

arXiv:1903.03102 (2019). Preliminary
B g Buwg P Semileptonic (SL)
Btag — D(*)FVQ

PRD 94, 072007, (2016).,

arXiv:1904.08794 (2019)  Preliminary

» basic tool at B-factories: B., — many exclusive hadronic modes

reconstruction of B, PRD 92, 072014, (2015).,
PRL 118, 211801, (2017).
PRD 97, 012004 (2018).

enables (partial) kinematical reconstruction
2 2 o P _
= M ..., @, helicity angles in D* and 2-body T decays



R(D) and R(D*) (2018)

» R(D) and R(D*) exceed SM
by 2.30 and 3.00 respectively

» Combined R(D) and R(D*)

R(D*)

0.4

0.35

~ 3.8 o above SM predictions **

» Hot topic in Flavour Physics

0.2

)

Belle, PRD92,072014(2015)
LHCb, PRL115,111803(2015)
Belle, PRD94,072007(2016)
Belle, PRL118,211801(2017)

T T T I T T T T I
BaBar, PRL109,101802(2012)

LHCb, PRL120,171802(2018)
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arXiv:1904.08794[hep-ex]

R(D) and R(D*) with SL tagging

» update of Belle’s analysis with SL tagging ~ Phys. Rev D 94, 072007 (2016)

> simultaneous measurement of R(D) and R(D*) in: ~—
BO — D(*)_’T_i_f/q- + C.C. > *Y i 0 *— -+
B s DOty 4+ oo, only R(D*)in BY — D*~7v%v, + C.C.

» improved tagging with Full Event Interpretation algorithm
Comput Softw Big Sci 3, 6 (2019)

1) — —r— —
= B> D0y
g %2 —B->D()lv example fit result - D*¢ sample
0.15 - — Background - - S 200
E E g E D*+£_E IB-) Drv IB—) Div
0.1 - E < 150 B IB-) D**IvIOther
0.05 _f §100 : B> D'lv B > Dlv
. L ] IB+-)DTV§BO-)DIV
ot 50 : IFakeD
0 0.2 0.4 0.6 0.8 1 1.2

Ecc (GeV)
0 02 04 06 08 1 1.2
Signal extracted from Egcy: Ecc, (GeV)

summed energy of clusters remaining
in the e-m calorimeter not used in the
reconstruction of By and B,



arXiv:1904.08794[hep-ex]

New Belle R(D) and R(D*) measurement

R(D) = 0.307 + 0.037 + 0.016
R(D*) = 0.283 £ 0.018 £ 0.014

Preliminary

B.¢ reconstructed using
semileptonic decays

= more efficient than hadronic
B-tagging

Most precise R(D™)) to date
Results combination compatible
with SM within 1.2 o

R(D) — R(D*) Belle average:
now within 2 o from SM

R(D) — R(D*) World average:
tension with SM decreases from
3.801t03.10
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Other observables in B — D™y

» 7 polarization p, = (A =+1/2) T = 71/2) ), s polarization FP = r(B—+Dyrv-)

F(Ar = +1/2) +T(Ar = —1/2) r(B—D*7v,)
geo—r7 = 3(1 + P cos Opei(7)) %dd_l;th = S[FP cos 005 + Ff sin® 6

SM: P, (D*) ~ —0.5 SM: FP" = 0.46 0.0 . %,;bzf;,&f
P.(D*) = —0.38 4 0.51(stat) 02! (syst) F? =060+0.08+0.04 : 00 M d
first measurement of P, (D*); the result excludes =~ SM dynamics assumed \4!:
P.(D*)> +0.5 at 90% C.L. agrees within ~ 1.5¢ with SM —F" -
PRL 118, 211801 (2017) arXiv:1903.03102[hep-ex] 008 0,

» uncertainties dominated by statistics

= improvement @ Belle Il Moo =/ (Er(45)/2)? = Pacon
» Belle Il prospects Belle !l preliminary [ccr-oxt” - Belle il preliminary fco-osin

5ab] 50 ab™'
R(D) (£6+4)% (£2£3)%
R(D*) (£3+3)% (=1 +£2)%
PP 4+0.18+0.08 =+0.06+0.04
FP" +£0.04+£0.04 +0.01+0.04

250 pm DD

Candidates / (0.0025 GeV/c?)
Candidates / (0.0025 GeV/c?)

The Belle Physics Book: 24 525 526 52/ 528 529 S T ST 8
H 2
arXiv:1808.10567[hep-ex] Comput Softw Big Sci 3, 6 (2019) ¢ (GeVIe?) My (GeV/c?)



BT/

Normalized Entries / 0.02 (GeV)

Reconstructed Momentum Distribution

arXiv:1906.06871[hep-ex]

Search for B™ — utv

SM prediction

2
2 2 2
B(B+ — 0" Ve) = G g mi ( - W) ffa |Vub|2 B

W+ Il

SM: B(BT — ufv) = (4.3 £0.8) x 1077 (inclusive WA for | V,,|)

Y SM : B(BT — puTv) = (3.8 £0.4) x 1077 (exclusive WA for |V, |)
for fg = 184 + 4MeV S. Aoki et al., EPJ C77, 112 (2017)

2.4

» carry out analysis in the signal B rest frame (pﬁ = 2.64 GeV)
] = better resolution and sensitivity than using T(4S) frame

1 » employ fully inclusive B, reconstruction

. = high reconstruction efficiency and boost vector

2.6 2.8
pu/ (Gev)



arXiv:1906.06871[hep-ex]

Fit to data and result for B(B™ — uv)

> signal extracted by binned ML fit to p;J > Ny, =117 £ 48
CDSHB# < —0.1 COSHB# > —0.1 B Continuum
_ 250f ﬁlso;-%;--..-|.-.-.---; = b-c
s F i ?)/ %y ] B Rare
© 200f o f? ]
51505 2 100 " ] B - uvy
© ol ; : | o
o £ ' i B Signal
&0 I - /0% Sys. unc.
9 ) ) ) ) ) 2.8 . .
2 24 26p£/(Gze§/) 3.0 3.2 o8/ (GoV) * Data
B(B — uv,)
—7
SM 4.26 x 10

Belle (2018) (6.6 +22+1.6)x 10 ' @2.40
Result (thIS) (5.3 + 2.0 + 0.9) X 10_? 0280 » i(nl;pro\f(;desgiption ofb;gkgrc))und
Frequentist UL <864x10 ' @90% CL " A

a: Sibidanov et al., Phys. Rev. Lett. 121, 031801 (2018)
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arXiv:1906.06871[hep-ex]

Exclusions for 2HDM parameters

Type-ll(tan3, my<)
o
300 95% CL
[ B->1v
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o
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T B
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Wei-Shu Hou
Phys. Rev. D 48, 2342
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arXiv:1906.06871[hep-ex]

BT — n™N with a massive sterile neutrino

» B(B — p + missing energy) = B(B — uvy) +
» experimental signature of NP: shift in momentum spectrum due to sterile
neutrino mass

b Iz

> >

u

0 Sterile Neutrino Scan
10 - LI I L I L I LI I LI I LI I LI I I .

local pg

Preliminary
1 L.

Bt i
—— B - uN stat. + sys.

10—2 PR R S AN T S AR T A AN T T A A S A L1
0.00 0.25 0.50 0.75 1.00 1.25 1.50
Sterile Neutrino Mass my, / (GeV)

-
u > < I 1.75
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Phys. Rev. Let 122, 011801 (2019)
Search for a Light CP-odd Higgs
and Low-Mass Dark Matter

» B-factories are probing Dark Sector mediators at the
MeV-GeV scale

» low mass DM particles (x) = (M, < my)
» AP (neutral lightest CP-odd Higgs) in nMSSM

T(2S)— 77 T(1S)
» on-shell T(1S) — vA% with A% — yy
» off-shell T(1S) — vxx
» Belle data sample of T(2S): (157.3+3.6)x 10° (24.9 fo—1)

13



C.L. (1079

BF UL @ 90%

[
o
[5]

10E

on-shell T(1S) — vA? with A% — yy

Phys. Rev. Let 122, 011801 (2019)

Search for a Light CP-odd Higgs
and Low-Mass Dark Matter

» improvement of upper limit on the BF for:

— Belle

BaBar

i 1 i i I ] L i i | i i i

2 4 6
A0 Mass (GevV/c?)

(10°°)

BF UL @ 90% C.L.

l—l.
o

[ ~]
i

10§

off-shell T(1S) — vxx

— Belle

BaBar

o 2

DM Mass (GeV/c?)

search region: 0 < My < 8.97 GeV/c? and M, < 4.44 GeV/c?
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Summary and outlook

New Belle results on R(D), R(D*), FP" consistent with SM:
R(D) ~0.20, R(D*) ~1.10, FP" ~1.50

> Belle R(D™*)) results average consistent with SM: ~ 1.6¢
BBt = ptv)=(6534+£20+09)x 10" @280

Experimental precision limited by statistics
= good prospects, 50x larger data sample @ Belle Il expected in 7 years

So far Belle |l detector showed good performance confirmed by rediscoveries of
known processes

Competitive physics results on the Dark Sector even with early Belle Il data
= dedicated triggers for rich program of Dark Sector and exotic searches

Start again in mid-October and continue until end of June 2020

15
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arXiv:1904.08794[hep-ex]

R(D) and R(D*) with SL tagging

» update of Belle’s analysis with SL tagging Phys. Rev D 94, 072007 (2016)
» R(D*) only = R(D) and R(D*) simultaneously
» for R(D*), B° only = charged and neutral B
» improved tagging (FEI)

' ' ‘ F
B - D®™ gy +*+

¢

Arbitrary units

o
-
o

» veto signal events on tag side using cosfg p-), Bta&

0.05

¢

o o

L ' Y
* !
B RN D( )TV .‘.‘W“"’ #r“ .
u"\* .l

0.00 et . =l
15 10 5 ) 5

B % D(:%: ) T}/ COSQB,D(*)E
» Egpcp to suppress background
BACKGROUND » BDT classifier to distinguish

signal from normalization modes;
USES approx. missing mass,
visible energy, cosfg p),

» signal yields extracted from 2D fit
to (BDT class, EECL) 9

B — D)y

BDT classifier

EEecL (energy left in the calorimeter)
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Events / (0.12 GeV)

Events / (0.12 GeV)

arXiv:1904.08794[hep-ex]

Fit results - D*¢ sample

| classifier region =——= signal region (BDT class > 0.9)

0.4

0.6

0.8

1 1.2
EecL (GeV)

Events / (0.12 GeV)

150

100

[6)]
o

D

B — D%y T

BDT classifier

BACKGROUND

B — D%y

A

»
Energy left in the calorimeter(Eect)
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Events / (0.12 GeV)

Events / (0.12 GeV)

arXiv:1904.08794[hep-ex]

Fit results - D/ sample

full classifier region = S|gnal region (BDT class > 0.9)

=
o,

———————— —
- < 600 ‘ ' —
C _ — B>Dnxtv B> Dlv
5 _l_g - & _|_€ T I I
: D e Dt
5 %400 | IB-) D**IvIOther
0
[
L%’ B> D*Ilv ~ B> D*Ilv
200 =
+ * QO *
IIB > D'tv§gB > D*tv
0
0 0.2 0.4 0.6 0.8 1 1.2 0

Eco (GeV)

T '(‘)I i ] %“
— ] 0]
20 D/ ] ~ T ‘
] - gl B DYy
] e =
15 : : 7
] £ ] BACKGROUND
2 [ [3}
| = =
10 ] L alB - D (I/
] 11]
5 _: Energy left in the calorimeter(EEc’L)

o™

|

0 0.2 0.4 0.6 0.8 1 1.2
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arXiv:1903.03102[hep-ex]

D* polarization in B — D¥ 7y

Angular observables can provide a hint about NP structure

o T(D})
L * *
W*+ g[l * . L / F(DL) —l_F(DT)

3

— Z[2FP7 cos?2 0P + FL sin? 0P
chosé‘hel 4[ L hel T Sl heﬂ

Analysis strategy

» B, reconstructed in 7 — ({vv and T — 7v modes

» B, reconstructed from remaining charged and neutral
particles in event (inclusively) = consistency checked

using: My (= Myg), AE  Epie—lBor+Benl
» calibrate bkg. using side-bands = good description of ms /B2 M2
combinatorial and peaking bkg. (D* (v, D**(v) Emis = Epeam — Ep+ — Eun

» suppress background using Xy;s (Similar to missing mass) *



arXiv:1903.03102[hep-ex]

Result on FF for B — D7t

%) - 1 dIl’ 3 . . . *
™ g0k \ — = "[2FP cos? 02, + FF sin® 6]
() e
= 140: /
< aof | ¥
: S FP" =0.60+0.08 +0.04
100~ L . . .
801 SM dynamics assumed
60 | SM predictions Exp vs. SM
40 . » (FP gy = 0. _ .
o Fitwith P =06 (Flb*)SM 0.46 + 0.04 1.420 [1]
200 o > (FP")sm =0.441+0.006 1.760 [2]
0:| [ | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 » (F!—D*)SM = 0.457 :IZ 0.010 1-580- [3]
1 -0.9-08-0.7-0.6-05-04-03-02-01 0 > (FP*)SM —0.47 +0.01 1.440 [4]
cos b, > (FP )sm = 0.455+0.009  1.600 [5]
Signal yields in bins: FP" agrees within 1.4 — 1.8 with SM
I 1 51 :l:21 1. AK. Alok, D. Kumar, S. Kumbahar, S.U. Sankar, PRD 95, 115038 (2017)
1: 1 25419 2. Z-R.Huang, Y. Li, M.A. Paracha, C. Wang, PRD 98, 095018 (2018)
) 3. S. Bhattacharya, S. Nandu, S.K. Patra, Eur.Phys.J C79, 268 (2018)
I I I 55:l:1 5 4. P. Gambino, M. Jung, S. Schacht, arXiv:1905.08209 [hep-ph]
5.

v signal yields corrected for acceptance variations

R.-X. 8hi, L.-S. Geng, B. Grinstein, S. Jager, J.M. Camalich, arXiv:1905.08498 [hep-ph]
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R(D) and R(D*) Belle results

Belle Had B, Tag T2 v v
Belle HadB,_,t = hv
L Belle 2019 SL B , T = | v v (Preliminary)
— Belle Combmatmn 2019 (Preliminary)
« SM prediction

i "
r -
-
- .
; - w
¥ .\-"" ks
1 . \
i .I = =
1 = Ya
Y, 1 *
\ ~ &
1 1 . \
3 i A 5
“ 5 5 .
-. \ \ x
\ 5
" v
i % L %
LY * \
% “ | '
L . 1 ;
n * I' 1
. ] i .
: i
- -
&
#
-

9042
T 0.4
0.38
0.36
0.34
0.32
0.3
0.28
0.26
0.24
0.22

no contours

|
3

04 045 05
R(D)

|
0.35

i\)_l|lII|III|III|III|III|III|III|III|III|III|I

I|I |
025 0

-



R(D), R(D*) - 2019

 R(D) and R(D*) exceed the SM predictions

oy 1.40 and 2.50 respectively.

* R(D)-R(D*)) correlation of -0.38

* The difference with the SM predictions
corresponds to about 3.080.
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from D*
| 1l
= 60F 60
=
¥ 40 40
>
T > T 20 201 3
f% 85 558" 83

3

o .
Mg [GEV]

arXiv:1903.03102[hep-ex]

D* polarization in B — D¥ 7y

> Unbinned ML fit to My, distribution in three equal bins in coso,;:
I[-1,-0.67), 1l[-0.67, -0.33), Ill[-0.33,0);
simultaneous fit to all decay chains

» cosb,. > 0 exluded due to low reconstruction efficiency for slow =

.

Miag [GeVi

3

Signal — Crystal Ball

peaking bkgr — Crystal Ball

combined
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Search for BT — u v

precise SM prediction

2
n n B G%mB m? mg 2 2
B(B" =" vy) = L— | fe |Vl 75

b p 8m mp
W+ SM : B(BT — uTv) = (4.34+0.8) x 1077 (inclusive WA for | Vp|)
B/ SM: B(BT — uTrv) = (3.8 4+ 0.4) x 1077 (exclusive WA for | Vp|)
for fg = 184 4 4MeV S. Aoki et al., EPJ C77, 112 (2017)
u v, = 300 possible signal events in Belle data
| ’[ Belle 2018 result:
mprovments B(B* — utv) = (6.6 +£22+16)x 10702.4 ¢

» modeling of b — ufr (hybrid model),
continuum bkg. (data-driven method)

» use inclusive B,g to maximize efficiency
of signal selection = P, = _533

Phys. Rev. Lett. 121, 031801 (2018)

Reconstructed Momentum Distribution
[ 1 r 1 11

B

» carry out analysis in the signal B rest
frame (p7 = 2.64 GeV) = better ~=—>
resolution and sensivity than using
T(4S) frame

» sensitive to BT — p TN search for unknown
neutral fermion (e.g. sterile v) in range
mpy € [0,1.5) GeV

N W
L L I

=
L I

Normalized Entries / 0.02 (GeV)

(=]
TT T

22 24 2.6 2.8 3.0 7
Pyl (GeV)



TABLE 1. Systematic uncertainties contributing to the

Systematics

R(D™))results.

Source AR(D) (%) AR(D*) (%)
D™ composition 0.76 1.41
Fake D) calibration 0.19 0.11
Byag calibration 0.07 0.05
Feed-down factors 1.69 0.44
Efficiency factors 1.93 4.12
Lepton efficiency and fake rate 0.36 0.33
Slow pion efficiency 0.08 0.08
MC statistics 4.39 2.25
B decay form factors 0.55 0.28
Luminosity 0.10 0.04
B(B — D) 0.05 0.02
B(D) 0.35 0.13
B(D™) 0.04 0.02
B(t™ — £ vevy) 0.15 0.14
Total 5.21 4.94

TABLE 1. Summary of systematic uncertainties
Source AFP”
Monte Carlo AR shape and peaking backeround +0.032
statistics CB shape +0.010
Background scale factors +0.001
Background B — D*{y +0.003
modeling B — D*rv +0.011
B — hadrons +0.005
B — D*M +0.004
Signal modeling Form factors +0.002
cos Oy resolution +0.003
Acceptance non-uniformity J_rgg(llg
o i
TABLE V. The fractional uncertainty on the extract BT —
ut v, branching fraction are shown.
Fractional uncertainty
Source of uncertainty BT 5 p.+ vy
Additive uncertainties
BT — " v, MC statistics 1.0%
b — u{ v, modeling 11%
b — ¢y modeling 2.5%
B(b —+ s) processes 1.0%
B(BT = p"v,7) 0.1%
Continuum modeling 13 %
Multiplicative uncertainties
Ngs 14%
Tracking efficiency 0.3%
L1 1n efficiency 2.0%
28

total syst. uncertainty 17 %




FEI

Exclusive Tagging:
The Full Event Interpretation (FEI)

Keck, T., et al. Comput Softw Big Sci (2019)

eCLClusters
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safe)q ajerpourIaju]  SI[IIMR eje(]
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C.L. (109

BF UL @ 90%

2
Og; (cm”)

on-shell T(18) — vA® with A® — yy

T T 1 T |
10’ — Belle
BaBar
10F
1f
1 | | |
1049; é
:_-cn ( ) AMA v/
_azl B on oy ) (2012)
10 B -CGeNT
o~ wuxa
— per
10-45__ TLAS oM
Ll |
102 107t 1
m, (GeV)

Search for a Light CP-odd Higgs
and Low-Mass Dark Matter

» improvement of upper limit on the BF for:

off-shell T(1S) — vxx

T T ;‘ I B ' ! B 1
o
= = — Belle
. 10%F E
- . BaBar
p— U i
E o i
o 10F 3
@ :
3 =
] B
1 I 1 1 " L ) ] L ) " 1
8 m 0 2 4

DM Mass (GeV/c?)

» new spin-independent (Sl) WIMP-nucleon Xsection limit
— extend low-mass WIMP region unreachable by direct
detection

30
Phys. Rev. Let 122, 011801 (2019)



Belle |l detector

KLong and muon detector:

Resistive Plate Chambers (barrel outer layers)
Scintillator + WLSF + SiPM’s (end-caps , inner 2
barrel layers)

EM Calorimeter:
Csl(Tl), waveform sampling'

ication

electrons (7 GeV stem (barrel)

\erogel RICH (fwd)

-
Beryllium beam pipe
2cm diameter

Vertex Detector
2 layers DEPFET + 4 lay
-

positrons (4 GeV)

Central Drift Chamber
He(50%):C2Hs(50%), small cells, l[ong
arm, fast electronics (Core element)
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Belle Il - integreted Luminosity

Belle Il online luminosity Exp: 7-8 - All runs
Integrated luminosity [fb~—1]
0.30 A

2 BNl Day per Day -6
= = Total -
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8 Total [ £ dt =6.49 [fb~?] =
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4 o
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o 2 =
E O
I Linac fire
2 0.05 - " L
= incident

0.00 - 0
Qﬂﬁ’ n”"@\r nb‘{? :f;? ':n";:}\ n‘”{\?
\ \ A\ S \ \
O K K ) O
i’ P P i's i's P



Light CP-odd Higgs - fit to recoll mass and
photon energy

Events /{0, 0028 Gevic®)

ﬂmmf'"':l P TP B
9.45 9.455 9,48 9.465 9.47 5.478
Recoil Mass (GeV/ch)

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

15 -

Eventa/ (0.24 Gav)

E, in ¥(15) frame (GeV)
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