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Overview — a la my orlgmal plan

e Intro.

* Belle & Belle Il
e Dark photon via Higgsstrahlung

e Leptophilic Z' to invisible
e Invisibles in B decays

e Invisibles in 7 decays

WHIP SMART
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DETECTIV E 3

* O Greg Freeman
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Abhuly in Scarlet
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e
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But, on Tuesday, we have heard

New approaches to semi-invisible
T and B decays

Chan Beom Park

B We devise a novel search strategy that we apply to pair productions of T and B
mesons,

T — Lp (¢ : light invisible particle, my in MeV-GeV)
B — Ktu (rare B decay)

at Belle II.

B Our strategy has a vast domain of applicability: B — Kvv, B — Ty, etc. at Belle II
and LHCb.




Overview — revised

e Intro.

* Belle & Belle |l
e A’via Higgsstrahlung & Z’ => invisible

New approaches to semi-invisible
T and B decays

Chan Beom Park

B We devise a novel search strategy that we apply to pair productions of T and B
mesons,

T — {p (¢ : light invisible particle, my in MeV-GeV)
B — Kty (rare B decay)

at Belle II.

B Our strategy has a vast domain of applicability: B — Kvv, B — Ty, etc. at Belle I
and LHCb.

e Invisibles in B decays along w/ B — K7Z, B — Kuvv

e Semi-invisible 7 decay 7 — Za

e one more thing!



Belle & Belle Il
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Fig. 1. Side view of the Belle detector.
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Belle (and BaBar, too) achievements include:

CPV, CKM, and rare decays of B mesons (and Bs,
t00)

Mixing, CB and spectroscopy of charmed hadrons,
e.g. D*(2317)"

' d discovery of
Quarkonium spectroscopy an
(many) exotic states, e.g. X(3872), Z:.(4430)+

Studies of T and 2y
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SuperKEKB

e- — (x) < et Bellell

Region Belle |l detector
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A\
A

electron ring

l

\ ot
positron ring injector;
~ to Linac ’ 4 GeV
positron damping ring

Super-KEKB

Lpeak ~ 30 X Li)eak
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Belle II Collected luminosity before LS1 (2019-2022)

20 Belle Il Online luminosity Exp: 7-26 - All runs

Integrated luminosity
B Recorded Daily

A — fﬁRecorded dt =427:79 [fb—l] ................................................................................

Belle II has been in
operation through the
Pandemic era, with
modified working mode
in accordance with the
anti-pandemic policy.

(See back-up slide!)
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Belle IT Physics Mind-map
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Dark photon via Higgsstrahlung

Belle ITI arXiv:2207.00509 (accepted to PRL)



arXiv:2207.00509

accepted to PRL
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arXiv:2207.00509

Dark Higgsstrahlung: ete™ — AR/

Preliminary

10 - B | “" ' My =6.5 GeV/c?

101
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L | i i i 1 1 1 L L
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T

t Belle Il simulation N Background
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arXiv:2207.00509 Pl =

accepted to PRL BELLE

Dark Higgsstrahlung: e "¢~ — A'h’

Preliminary

1000 RSEN T y 65Gev)e?
:'. e wmf . " My =2.7GeV/c?
T Of
Two-tr o b
s 0
Two v 8 =
o . o 2 b -
~g 7 '
Sca Belle Il simulation XL
................... N 100

: . : M, [GeV?/c?]
~9000 overlapping elliptical mass windows

T

| Belle Il simulation B Background
0.10 | [ cat=8.34fb"? Signal

Helicity angle

[ My =4.75 GeV/c?
- My =3.80 GeV/c2

Normalized entries
o
o
(o))

CM .‘ backgrounds
et (y) 79%

0.0 0.2 0.4 0.6 0.8 1.0 o T T (y) |8/°

C) = | cosn| o | }A - e ete utu™ 3%

Youngjoon Kwon (Yonsei U.) Dec. 16, 2022 Hfggs and Cosmology Connection YAFK SCP 14



arXiv:2207.00509 DK =g
accepted L
pted to PRL S LE

Dark Higgsstrahlung: e "¢~ — A'h’

Preliminary
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arXiv:2207.00509 ,:
accepted to PRL
BELLE
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arXiv:2207.06307
(Belle Il, Snowmass)

Dark Higgsstrahlung (prospects)

My [GeV/c?]

N

N

- Belle Il simulation

- [ Ldt=50ab"?
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Youngjoon Kwon (Yonsei U.)
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Search for a dark photon and an invisible dark Higgs boson in y*y~ and missing
energy final states with the Belle II experiment

F. Abudinén ®, I. Adachi ®, L. Aggarwal @, H. Aihara ®, N. Akopov @, A. Aloisio®, N. Anh Ky @, D. M. Asner
H. Atmacan ©@, T. Aushev ©®, V. Aushev®, V. Babu®, S. Bahinipati ®, P. Bambade @, Sw. Banerjee

S. Bansal @, J. Baudot @, A. Baur ®, A. Beaubien @, J. Becker ©, P. K. Behera ®, J. V. Bennett ©,

E. Bernieri @, F. U. Bernlochner ©®, M. Bertemes ©, E. Bertholet ©, M. Bessner @, B. Bhuyan @, F. Bianchi

T. Bilka ®, D. Biswas @, A. Bobrov ®, D. Bodrov ®, A. Bolz ®, A. Bozek @, M. Bracko ©, P. Branchini

T. E. Browder @, A. Budano ©®, S. Bussino @, M. Campajola ®, G. Casarosa ©, V. Chekelian ®, C. Chen @,

Y. Q. Chen ®, B. G. Cheon ®, K. Chilikin ®, K. Chirapatpimol ©®, H.-E. Cho @, K. Cho ®, S.-J. Cho ®, S.-K. Choi
S. Choudhury @, D. Cinabro @, L. Corona @, S. Cunliffe ®, F. Dattola @, G. de Marino @, G. De Nardo

?

7

)

9

?

?

M. De Nuccio @, G. De Pietro ®, R. de Sangro ©, M. Destefanis @, S. Dey @, A. De Yta-Hernandez ©, R. Dhamija ©®,

A. Di Canto @, F. Di Capua ©, J. Dingfelder @, Z. Dolezal ®, I. Dominguez Jiménez @, T. V. Dong ®, M. Dorigo

K. Dort @, D. Dossett @, S. Dreyer @, S. Dubey @, G. Dujany @, M. Eliachevitch ®, D. Epifanov ®, P. Feichtinger

T. Ferber ®, D. Ferlewicz @, T. Fillinger ®, C. Finck @, G. Finocchiaro @, K. Flood @, A. Fodor @, F. Forti ®,

A. Frey ©, B. G. Fulsom @, E. Ganiev®, M. Garcia-Hernandez @, V. Gaur ®, A. Gaz @, A. Gellrich ®, R. Giordano

A. Giri®, B. Gobbo @, R. Godang @, P. Goldenzweig ®, W. Gradl ®, S. Granderath ®, E. Graziani

D. Greenwald @, T. Gu®, K. Gudkova @, J. Guilliams @, C. Hadjivasiliou @, K. Hara @, T. Hara @, K. Hayasaka,
H. Hayashii ®, S. Hazra ®, C. Hearty ©, M. T. Hedges @, I. Heredia de la Cruz ©®, M. Hernandez Villanueva

A. Hershenhorn ©®, T. Higuchi @, E. C. Hill ®, M. Hoek ®, M. Hohmann ®, C.-L. Hsu ®, T. Iijima ©, K. Inami
G. Inguglia @, N. Ipsita®, A. Ishikawa @, S. Ito ®, R. Itoh ®, M. Iwasaki ©®, P. Jackson ©®, W. W. Jacobs

D. E. Jafte ®, E.-J. Jang®, Q. P. Ji®, S. Jia®, Y. Jin ®, H. Junkerkalefeld @, H. Kakuno @, A. B. Kaliyar

J. Kandra @, K. H. Kang ®, R. Karl ©®, G. Karyan ©, T. Kawasaki ®, C. Ketter @, H. Kichimi ®, C. Kiesling

C.-H. Kim®, D. Y. Kim ®, K.-H. Kim @, Y.-K. Kim @, K. Kinoshita @, P. Kodys ®, T. Koga @, S. Kohani @,

K. Kojima @, T. Konno ©®, A. Korobov @, S. Korpar @, E. Kovalenko @, R. Kowalewski @, T. M. G. Kraetzschmar
P. Krizan ®, P. Krokovny @, T. Kuhr ®, R. Kumar ©®, K. Kumara ®, T. Kunigo®, Y.-J. Kwon ®, S. Lacaprara

Y-T.-Tai® T.Tam®. I 8S. T.ance®. M. T.anrenza. @. R. T.ehonicher®. S. . Tee®. T. K. Ti®. Y. R. T.i®. I. T.ihhv

?

9
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9

Y

7

9

Youngjoon Kwon (Yonsei U.) Dec. 16, 2022 Higgs and Cosmology Connection YAFK SCP

9

)

9

7

?

18



Leptophilic 7

Belle PRD 106, 012003 (2022)
Belle II arXiv:2212.03066 (to PRL)



O

Belle T BELLE

Leptophilic Z' — 1nvis.

—Z -y,
e L, — L, model, initially motivated by (g — 2), 0.8 :; e
® could also be a channel for sterile neutrinos as a dark 06l
matter candidate, as well as a potential sol. to R s iL
® Search for Z' — ,u+,u_ (Belle) 0'4:_ &
® Secarch for Z' — “invisible” (Belle II) 0-2:—
Z' — 7777 (Belle I A D
0 5 10

m,. [GeV/c?]
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arXiv:2212.03066 Pl =<

Leptophilic Z' — 1nvis. (Belle In)

: : 2
look for signal in 6, vs. M.

160

‘Belle Il [ Ldt=79.7fb™?
140 [-Preliminary '

120

100 x| L AT
: \ HEYY o i

60F% . .

L o

Orecoil [°]

a0

ot * 7777(y) almost 100% suppressed
0 20 40 * 1" u"(y) dominates up to ~7 GeV/c2
Miecon [GeV?/c?]  ¢"¢ "~ dominant in high M2 |
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Leptophilic Z' — 1nvis. Belleln

10°
*
4
~ 107
>
Q I
O 103}
Lﬂ_ B
o »
~- 102 :
~~ -
» |
I .
p~ 10
O
O
c 10¢
G
@,
101

Youngjoon Kwon (Yonsei U.) Dec. 16, 2022

Preliminary

-

etfe -»ete utu- Belle 1] det=79.7 fb—1

20 40 60 80
Mrzecoil [GeVZ/C4]

arXiv:2212.03066

Higgs and Cosmology Connection YAFK SCP
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arXiv:2212.03066 Bl =

Leptophilic Z' — 1nvis. (Belle In)

é . Belle Il, 0.276 fb~!

Z 102}

= ]

0 R

~ 1 . \

\N/ 10 \ .\‘

| .

1 100 3 AN 7’

+ o

3

+ 107 E . E

| - Belle Il Preliminary [L dt = 79.7 fb™%, 90% CL UL

O _ _

+ 107 F [ =0 Expected *+10 Expected +20-

% - [ =0.1My :
10—3 W RS (T U VN (T SN U U (YN T W AN ST N SN W AU WA SR A N TR W S S SN SR R

0 1 2 3 4 5 6 7 38
M- [GeV/CZ] e no excess => set 90% CL limits on o and ¢’

¢ interpretation in two scenarios
v “vanilla” scenario: Z'to SM only

Youngjoon Kwon (Yonsei U.) Dec. 16, 2022 v fU”y In_YISIble SQ,ena”O 23



arXiv:2212.03066 :
submutted to PRL L E

Leptophilic Z' search Belle )

10° E ; A
L Belle Il, 0.276 fb~2 7 :
i ./ '
_ v _
1071 | ¢ 4,_1—; o | o -
E ll "/' h'\’ﬁ‘ : E
: - :
:lfll: /// 19— 2)u 20
L :',NA64-e . i
- T s -
O) 10_2 ]Li' ' : -
NN g :
~0\.J :
I
- | .
1073 |- Belle Il Preliminary [L dt = 79.7 fb™%, 90% CLUL -
. ]
: 2 =0 Expected *10 Expected +20 -
[ rzf — 01 MZ’
10—4 M B B B B T BT BT SR
0 1 2 3 4 5 6 7 3
M [GeV/CZ] fully invisible Z" as origin of (g —2) , is

excluded for 0.8 < M., < 5.0 GeV/c2
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100 ¢

1071

o 1072

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

—Iz=0 Expected =10 Expected :
—= T2 =0.1My
10—4 ......................................
0 1 2 3 4 5 6 7

M- [GeV/c?]

1073

Youngjoon Kwon (Yonsei U.)

arXiv:2212.03066

D

CMS (95% CL) |

l:— —
- Belle Il Preliminary [L dt = 79.7 fb~2, L, — L, vanilla
- —— 90% CL UL Expected x1o Expected 20
0o 1 2 3 4 5 6 7 8

M- [GeV/c?]



arXiv:2207.06307

Leptophilic Z' search elle 11 prospects)

0 Belle Il Simulation, L, — L+ Expected 90% CL UL
10 E :
= Belle 11, 0.276 fb~*
107" F _:
10 F -;
o oo
107 o :
10_4 - = IL dt ]
5| ] - ] L
10 F e [Ldt = 1ab™1 - JLdt = 50ab? -
; | | ]
10_2 1()_1 100

mz [GeV/c?]
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Invisible particle search in Bdecays

Belle IT PRL 127, 181802 (2021)
Belle PRD 105, L051101 (2022)



Search for BT — KTvv at Belle Il

@ In the SM,

. %(B‘F — K+I/D) — (4.6 i 0.5) X 1()—6 [4] [4] T. Blake, G. Lanfranchi, and D. M. Straub, Prog. Part.

Nucl. Phys. 92, 50 (2017).

@ sensitive to new physics BSM, e.g.
* leptoquarks,
* axions,

* DM particles, etc.

W_ W;\ W—|—
b —» > > s b—» > >
u,c,t u, C,
(a) Penguin diagram (b) Box diagram
Youngjoon Kwon (Yonsei U.) Dec. 16, 2022
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D
PRL 127, 181802 (2021) [Fm

Belle I

BT — K7ur at Belle II

1. loose tagging = find signal K™ — track of highest p w/ at least 1 PXD hit (¢ ~ 80 %)

x1072
I L O B B ) B S
5 Belle 11 imi i i
8 I prellmlna,y [ Neutral B
I oSl [ Charged B
B 1 : I cc
CIQJ 6 B ss -
2| B o
"5 I B dd |
= 4 — BT—KTuvp _
o i ¢ Exp 8, Run 3123 A
-
> i )
a i
& 2
0
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D
PRL 127, 181802 (2021) [Fm

Belle I

BT — K™vv at Belle Il e s i

0.5 Expectation for 63 fb! : 25 g
: + : . 0.4 F-___ e 120 &
signal K™ — track of highest pr w/ at least 1 PXD hit (¢ ~ |2 ¢ |
O 18
. all other tracks & clusters = “ROE” (rest of the event) 5| i "2
01| .elle II. relimina 15 @
o N o o o [ simulation ] =
. BDT for signal discrimination N | S

0. 0.6 0.7 0.8 0.9 1.0

use event-shape, ROE dynamics, B;, kinematics, vertexing info. ~ Lower threshold on BDT; output

. BDT & BDT3? (consecutive applications) Signal Region

1.00,

. to suppress two different bkgds : BB and continuum

. signal region in 2D (BDTz vs. p(K™)) 0,99_# el L on

preliminary

0.98

BDT,

0.97|

0.96

0995 1.0 1.5 2.0 2.5 3.0 3.5

PT (K™) [GeV/c]
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BT — K7ur at Belle II

signal K™ — track of highest p w/ at least 1 PXD hit (&

. all other tracks & clusters = “ROE” (rest of the event)

. BDT for signal discrimination

use event-shape, ROE dynamics, 5;, kinematics, vertexing i

. BDT; & BDT> (consecutive applications)

"." to suppress two different bkgds : BB and continuum
5. signal region in 2D (BDT> vs. p(K™))

. check BDT output with Bt — J/wK™ samples
for both signal and bkgd

. check Data/MC agreement using Off-resonance data

. simultaneous ML fit to ON- & OFF-resonance data

Youngjoon Kwon (Yonsei U.) Dec. 16, 2022

Events

0
i)
o
(0]
>
(]

D
PRL 127, 181802 (2021) [Fm

Belle I

2000 |-

1500
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500

400

300
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100

RN NN NN W

o

Events

200

150

100

50

21 B*—K*J/¢,,., MC
—1 B+—>K+J/’lp_>’¢+¢f MC
BT—K* wvw MC

0.2

Belle IT preliminary
JLdt=63fb"

0.4 0.6
BDT,

0.8 1.0

¢

[0.93<BDT,<0.95 | 0.95<BDT,<0.97 : 0.97<BDT,<0.99: 0.99<BDT,

cni SR
>

Belle I1 prelim.inary
[Ldt=(63+9)fb

B Bt K
- Neutral B ]
‘I8 Charged B ]
- Continuum 7
- ¢ Data ]

scaled by 2 ]

0
0.5 2.0 2.43.5/0.52.0 24350520 24350520 24 35

pr(K")[GeV/c]
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BT — K7ur at Belle II

h Belle I1 prelliminary o EXpecteld _
0.8 E "’x.‘//v’dt:(63+9)fb_1 Bl Expected+lo °
. ” Expected+2c -
g —— Observed
> i
— 0.41 90% CL 3y
~ Expected: 2.3x107° 1
0.2+ Observed: 4.1x107°
00l . Ix107?
0 2 4 6 3

B* — K"vv branching fraction

B(BT — KTvp) = (1.9775705) x 107°

<4.1x%x107° @ 90% CL

Youngjoon Kwon (Yonsei U.) Dec. 16, 2022

D
PRL 127, 181802 (2021) [Fm

Belle I

Average

1.14+0.4, prelim:

. Bellel (63 b !, Inclusive)

1.971¢  This work, preliminary

Belle (711 fb~!, SL)

1.0£0.6 PRD96, 091101

° Belle (711 fb~!, Had)

3.0+1.6 PRD87,111103

Babar (429 fb—!, Had+SL)

0.8+0.7 PRD87, 112005
I 1 1 1 I 1 1 1 I 1 1 1 I

e

2 A 6 8 10
10° x Br(Bt =K * vi)
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Junewoo Park
Yonsei HEP

Search for B — X vv (inclusive)

Motivation

¢ B — X.vv decay 1s theoretically clean

¢+ [ts branching ratio depends on right-handed currents

¢ Therefore, Measuring 1ts branching ratio 1s important for new physics which has
non-zero right-handed current (Cg # 0)

I P eyl

X = — Re(ClCy™) |
"= T iaFar 3
u, c,t u,c,t 04l :
b > > > S b > > > S | :
02+ .
B — + [ '.
W W 1%7] W 7 ool g
Z > : ‘.
7 0~ 02t |
—0.4 | '.
4 v v 0 1 2 3 4 5
€
Wolfgang Altmannshofer et al JHEP04(2009)022
T ————— T
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arbitrary uni

Event Generation

¢ For Monte-Carlo study, signal samples are produced according to SM *T4

mp — mi

M (B - Kvi) « f1(q®){(pg + )y — qu( (Vy*(1 —vys)v), where g = (p, + py)?

* 2
M(B - K*v9) o T,y (1 = ys)v), where T, = (mg + mie)A1 (4D — (0D =2 (p + piedy + i L, eVpPpg.

mp+mpgx mp+mpgx
dI'(B = Xsvv — >y . R R S,
72 X \//1(1, M, Sb)[3Sb(1 + ms — s, — 4mg + A(1, m, sb))] , where Mg = mg/m,, and s, = q%/m?
q - x10°
= = ® 2500—
5 E—
g B K 1piw/o pi0
3 B K 1piw/ 1pi0
@ 2000 B K2piw/o pi0
N (2piw/ 1pi0
B K3piw/opi0
B (3piw/ 1pi0
1500 = K4piw/opi0
B K4piw/ 1pi0
E——— Kw/2pi0 (atmost 4pi)
— 3K w/ atmostlpi
1000 — others
MC MC
+ + n o = 500
[arXiv:1409.4557] - KTvv [arXiv:1409.4557] BT - K""vv
| 1 | | | | | | | 1 | I 1 Y l L1 | L1 1 | L1 1 | L1 1 | L1 1 | L1 1 | | IH—l'H—f
5 10 15 20 25 2 4 6 8 10 12 14 16 18 20 0 o
o [GeV? o [GeV?] 0.5 1 1.5 2 25

3.5
M, [GeV]
* Altmannshofer, Wolfgang, et al. "New strategies for new physics searchin B— K* v v, B> Kv v~ and B— Xsv v ~ decays." Journal of High Energy Physics 2009.04 (2009): 022.

T Buras, Andrzej J., et al. ” B - K®vv decays in the Standard Model and beyond.” Journal of High Energy Physics 2015.2 (2015): 1-39. 3
T Bharucha, Aoife, David M. Straub, and Roman Zwicky. ” B - V£*#£~in the Standard Model from light-cone sum rules.” Journal of High Energy Physics 2016.8 (2016): 1-64.
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Reconstruction and Event Selection

¢ In B — X vV decay, there are two neutrinos,
which leads to large amount of background

* One side of B meson (Bt ) 1s reconstructed by

hadronic decay modes

¢ Information of By, can be used to remove

e

<

tag side

reconstructed
signal side

X

sig

€+

—_—— Y(4S) —

B tag

/

background
* X, 1s reconstructed by 24 decay modes (sum of exclusive method)
B°, B B*

K K2 K*
Km Ktnt Kor© K* n0 KO
K2r | K*ntn® KOmtn+ Kt ntnt K? ntn0

= K3m | K*rntmin* Kontn*nO K* ntntnO KO ntntnt
Kir | K*fntnintn® Komintmingt Kt ntntntnt KO nintrind
3K KtK*K? KtKtK*
3Km | K*K¥tK*Irn™ KtKTKOnmO KtKTK*r® KOKtKTm?
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Fitting and Limit Setting
¢ Multivariate analysis (MVA) technique is used to suppress background

¢ About 30 variables are used for MVA

- cos @ of momentum of B meson
- missing energy/momentum

- the number of muon candidates in event

* MVA output value 1s used for a fitting and limit setting to extract signal yields

N
o

..g C 42 220 I CcHG_nomina |
o — . — 0 _nomina
5 7 - S | g nal % 200 :— bac kg rou n d = :JAIIJXBAanon:inaI
° [ ° C I DDBAR_nominal
g 6—_ o 180_— I ssBAR_nomina |
B 0 L . nominal
§ i § 160
ST 140
4 :— 120
- 100
3
B 80
2 60
- 40
1
- 20
0.7 0.75 0.8 0.85 0.9 0.95 1 8.7 0.75 0.8 0.85 0.9 0.95 1
FBDT output FBDT output
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arXiv:2212.04128 D
submitted to PRL QBE

Search for BT — KT/F (LFV)

If there is

Belle Preprint 2022-30
KEK Preprint 2022-41

Search for the lepton flavour violating decays Bt — KT754T (£ = e, ) at Belle

S. Watanuki @, G. de Marino @, K. Trabelsi @, I. Adachi ®, H. Aihara©, D. M. Asner @, H. Atmacan ©,

V. Aulchenko ®, T. Aushev ®, R. Ayad ®, V. Babu®, Sw. Banerjee ®, M. Bauer ©®, P. Behera ©, K. Belous
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Y

Y

D. Cinabro ®, S. Das®, G. De Nardo ©®, G. De Pietro @, R. Dhamija ®, F. Di Capua®, T. V. Dong ©®,

Shun Watanuki
(Yonsei HEP)

D. Epifanov ®, T. Ferber @, D. Ferlewicz @, B. G. Fulsom @, R. Garg®, V. Gaur ®, A. Garmash @,
A. Giri ®, P. Goldenzweig @, E. Graziani ®, T. Gu®, Y. Guan @, K. Gudkova @, C. Hadjivasiliou @,
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Y.-K. Kim @, K. Kinoshita ©, P. Kodys @, A. Korobov @, S. Korpar @, E. Kovalenko @, P. Krizan ©, P. Krokovny
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arXiv:2212.04128 D
submitted to PRL ng

Search for BT — KT/F (LFV)

If there is

Br[B-K r u]x10°
‘ XD

0.7 g0.1

BB — Ktu) ~ 0(107%) is
preferred in a certain VLQ

0.6
model, for instance.
0.5
Calibbi, Crivellin, Li
04¢ PHYS. REV. D 98, 115002 (2018)
T
0.3
= RD%Y) 20 qir Cio —Sio qiL
0.2| ) —
m R(D™) 1o Oir Sio  Cip Qir
0.1 HH_ AH
Co =—C1o 20 <LﬂiL>_><CiL _SiL><LﬂiL>
0.0} 0.5 2 | M ~HM ,
0.00 0.02 0.04 0.06 008 0.10 012 014 ™ Co =—Cyp 10 L;; SiL CiL L;;
Q_ AL
Sy =S5
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arXiv:2212.04128 D
submitted to PRL Qsé?

BT — Ktt™/* — analysis feature

|
. | . .
tag side (b—c) | signal side (B—Krp) Charged tracks
: K+ PID,, > 0.6 for p*, PIDy > 0.6 for K+
|
X . e, U T, p mID > 0.9 for u
. 00 T elD > 0.9 for e
(e.g. m'n’) -—- :
S Primary tracks (K, p/e)
A 7 <
DO : Ve |dg| < 0.5cm
| H |z < 5.0cm
— %k k >k 2
taumass MT — \/(\/g = Epeam — Pr — EE) o ‘ﬁ;ﬁk&g —Px — ]5;”2
:""l""l 'I""I""I"": 3500 'ttt E PR R R R R _]
0.2 - I . E
0.18 |- - 3000 |- -
0.16 _ — Signal _ f .Signal
- ] 2500 [~ -]
0.14 | BB e : BB
0.12 |- __ Conti - 2000 | .C y
0 :_ oniinuum E oniinuum
- 1500 |-
0.08 C B
0.06 | 1000
0.04 [- F BG to be
0.02 | 500 ¢ reduced
ok B, ! I B IR o i
1 1.5 2 2.5 3 3.5 4 1 1.5 2 2.5 3 3.5 4
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arXiv:2212.04128 D
submitted to PRL QBE

BT = Kt o0svs. BT > K717 (s8)

@ We must do both (if only for model independent search)
@ same reconstruction, but very different bkgd.

@ Background for SS is much harder to handle
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submitted to PRL
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arXiv:2212.04128 D
submitted to PRL QBE

BT — KTt=¢F — linearity check

Test fit BR=0.000050

. Linearity Check

~ 30F= 0.1
o. : o [ ] :
S £ N isvaried _
&L 25— o 0.081—
5 [ assuming ;
w — -
20__ BR —_ 0 ~ 10 4 0.06}—
15— 0.04}——i S .. ...
10— . 0.02}
: .: _‘_/ : Y ol i :
sE- b o1 gl My fitter showec
e Lt «l» - 7 almost no bias! <=
OJ'—LJ l..l.'T'UL._‘_uk-.lLJLJlJ _0021J1111111111111111111X10_3
1 2 2.2 2.4 ' 0 0.02 0.04 0.06 0.08 0.1
mod_taumass Input BR
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arXiv:2212.04128 D
submitted to PRL QBE

BT —» Kt/ — Results!

BR U.L. OS, x10° SS, x10° OS. x10°

(90% CL)

Babar <2.8 <4.5 <1.5 <4.3
LHCb <3.9 - - -
Belle <0.65 <2.97 <1.71 <2.08
(Preliminary) ° ‘ ‘ °

» The most stringent limit on B(B™ — K1) except for OS.
« a PRL paper submission is nearly ready (®(week) or so)

FYI

Recently LHCb set U.L. on BY - K*%tu modes:

BR(B® - K*9t*u~) < 1.0x107° (90% CL) Our OS,, Is more stringent!
BR(B? - K*%t~u*) < 0.8x107° (90% CL)

2022/10/20 S. Watanuki @KPS (Busan)
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PRD 105, 1051101 (2022) (a3

BELLE

Search for B — Ay

® B-mesogenesis — explains Baryogenesis and DM with B decays
v Elor, Escudero, Nelson [PRD 99, 035031 (2019)]
v predicts B(B” - Aypg + meson) > 107

.y . _ - ¢Ds
® Existing limits >
v BB - Ayps) < 2% 1074 by ALEPH (EPJC 2001) ¥ps éps
Yy .- < s )
_ v
b = > u + A
B
d > d
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PRD 105, 1051101 (2022) (a3

BELLE

Search for B — Ay

Erp distribution for

® Belle strategy . m, =25 GeV
v Hadronic B-tagging, and look for A + nothing in the signal-B « BB - Aypg) = 8x 107
v use Ep for background suppression ; S
n L__ Digna
EECL < 057 ~ 074 depending on meS 16[““"": Continuum
| I b—c
14—! E b— u,d,s
12-i i — 4 Data
— — O IR (\VDS) élo_i E —— | +—+
\ B B // LE 8‘5 i 1
tag 0 N T 4
/ A \ - 4_i i d
‘ i

0.0 05 10 15 20 25 30 35 4.0

4.5
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PRD 105, 1051101 (2022) (a3

BELLE

Search for B — Ay

25
Mg (GGV/CZ) Mg (GeV/CQ)

® No signal; B(B" — Aypg) < (2.1 ~3.8) X 107

® Excludesm, 2 3.0 GeV for “type-2” and “type-3” hypotheses’

TAIonso-AIvar'ez, Elor, Escudero, PRD 104, 035028 (2021)

Youngjoon Kwon (Yonsei U.) Dec. 16, 2022
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— o
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— ’J ’,r”’ """ Ous = (¢DSb) (US)
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Invisible particle from 7

Belle IT arXiv:2212.03634 (to PRL)



arXiv:2212.03634 Bl =

Searchfort — 77«

® for a being an invisible particle
® previous searches by Mark III (1985) and ARGUS (1995)

® ecvent topology

v |-vs-3 (3-prong for tag side)

® 7 pseudo-rest-frame by approx. E,[CM ~ \/E/ 2

SCP 50



arXiv:2212.03634 BV =
submaztted to PRL BELLE

Searchfort — 77«

® for a being an invisible particle
® previous searches by Mark III (1985) and ARGUS (1995)
® ecvent topology
v |-vs-3 (3-prong for tag side)
® 7 pseudo-rest-frame by approx. ETCM ~ \/E/ 2
Table I: Requirements on event thrust, missing momentum

polar angle, and tag hemisphere particles’ total center-of-mass
energy and mass.

T — € « T — U «
5 Thrust 0.90, 0.99] 0.90, 1.00]
A Ormiss 20°,160°] 20°,160°]
EsM 1.2,5.3] GeV 1.1,5.3] GeV
M3, 0.5,1.7] GeV/c? 0.4,1.7] GeV/c?
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arXiv:2212.03634 BV =
submaztted to PRL BELLE

Searchforz - ZTa |
L
m.,c? /2

Ly —

a
+ +
T e a T U
140001 Belfle II \ —— Data - Belle Il —4— Data
[ p RalaN Total uncertainty 14000 p o e® Total uncertainty
12000} [Ldt=62.81fb K R ey [ [Ldt=62.8fb" | LT NN
l\ : N .. Other l\ 1 2000 __ ... ... Other
+ 10000 o . 1—ea, M, = 1.6 GeV/c? - [ o 2 T—uo, M_=1.6 GeV/c®
< : . 3 t—>ea, M, = 1.2 GeV/c? < 10000 £ 2 t—>pa, M_ = 1.2 GeV/c?
S 8000} s ) 1—ea, M_ =0 GeV/c? S [ X .'. —ua, M =0 GeV/c?
@ | ; A & 8000f \
C 6000 3 3 c [ 2
O - % B N
2 | \ 6000} \
4000 [ .o. L 4000 | ...
2000} . :
: “, 2000: '\\
% 06 08 1 12 1.4 16 18 2 % 06 08 1 12 14 16 18 2
Xe Xu

7 = Za shown for BF = 5%
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arXiv:2212.03634 Pl =<

Results forr — 7" a

Bt —ea))B(r —eVv,v,)

22
20
18

16 |
14 |
12 |

10

o D B~ OO
== LR L B

We find no signal excess and set 95% CL upper limits on
Bt —> Ca)lAB(t — D) B(r — i) = (17.39 & 0.04)%

Most stringent limits in these channels to date

x107° <107
- Belle Il —e— Observed UL at 95% CL - Expected UL = 1 std. dev. ’;* o5 _ Belle Il —e— Observed UL at 95% CL - Expected UL = 1 std. dev.
- f Ldt=62.8fb" ---- Expected UL at 95% CL Expected UL = 2 std. dev. |>i f Ldt =62.8fb" ---- Expected UL at 95% CL Expected UL =+ 2 std. dev.
- = o20f
T > e . T > Ut
0 [
=~ [
S I
510
IP 5 i
g [
| | | | | | | | | | | | | | | | 0 | | | | | | | | | | | | | | | |
0 0.5 0.7 1 1.2 1.4 1.6 0 0.5 0.7 1 1.2 1.4 1.6
2 2
M, [GeV/c?] M, [GeV/c?]
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arXiv:2212.03634 BV =
submaztted to PRL BELLE

Results forr — 7"«

® We find no signal excess and set 95% CL upper limits on
Bt = Ca)| B(t > ) B(r — pwv) = (17.39 = 0.04)%

® Most stringent limits in these channels to date

= 20 — Belle Il —— Observed UL at 95% CL Expected UL = 1 std. dev. ’;‘a t Belle Il —— Observed UL at 95% CL Expected UL = 1 std. dev.
|>°’ 18 :—det =6281" ---- Expected UL at 95% CL Expected UL = 2 std. dev. |>:L det =62.8fb" ---- Expected UL at 95% CL Expected UL = 2 std. dev.

%10

M:[GeV/CZ] | MO; [GeV/c?
M., Beo/Berw UL at 95% CL UL at 90% CL M., Buo/Busw UL at 95% CL UL at 90% CL
[GeV/c?] (x1079) (x1077) (><10 %) [GeV/c? (x1077) (><1o *) (><1o %)
0.0 —8.1+3.9 5.3 (0.94) 3 (0.76) 0.0 —9.4 £ 3.7 4 (0.59) 7 (0.47)
0.5 —0.9 +4.3 7.8 (1.40) 5 (1.15) 0.5 —3.2+3.9 2 (1.07) 1 (0.88)
0.7 1.7+ 4.0 9.0 (1.61) 6 (1.36) 0.7 2.7+ 3.4 0 (1.56) 8 (1.35)
1.0 1.7 £4.2 9.7 (1.73) 2 (1.47) 1.0 1.7+5.4 12.2 (2.13) 10.3 (1.80)
1.2 —1.1+£26 4.5 (0.80) 7 (0.66) 1.2 —0.2+24 6 (0.62) 9 (0.51)
1.4 —0.3£1.0 1.8 (0.32) 5 (0.26) 1.4 0.9+0.9 5 (0.44) 2 (0.38)
1.6 0.2+0.5 1.1 (0.19) 9 (0.16) 1.6 —0.3£0.5 7 (0.13) 6 (0.10)
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* Full Belle sample of 988 fb™! (N__ = (912 £ 13) x 10°)
. Use M(z,nt’) vs. AE( =FE_ _, — \/E)

I’ I’
n(vy) = 2N, B(t — wvy,) By, — nl) m? /exp ( mp l)e(m, [)dl

o 19 m ml'l
= |U,|*|Us|” 2N, fr(m) fo(m) E/exp( )e(m,l)dl,

p
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FIG. 2. Dependence of the HNL reconstruction
efficiency on the neutrino travel distance [ for

120

different neutrino masses M (vy). Efficiency is

almost identical for e and pu.
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FIG. 3. AFE vs M(nn/) distributions with all requirements but AE and M (77f) imposed for
wme (a) and 7w (b) in data. The signal region is shown as a red ellipse.
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Creativity is essential to particle physics, cosmology,
and to mathematics, and to other fields of science,
just as it 1s to its more widely acknowledged
beneficiaries - the arts and humanities.

Lisa Randall






