D D
[O<UDO

BELLE Belle I

B s o
—_— _

R

-

- for SUSY 2023 (July 17-21, 2023)




Outline

The cram course
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on V,, (x = ¢, u) tensions
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e First Belle II result on R(D¥*)
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I'he cram course
for B-mesons (@ Belle & Belle Il
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(-D —_— 7 GeV 4 Ge
a4 e — (*) — e (since 2019)
See Appendix 0 (p.25-31) ° \/E = 10.58 GeV = m(Y (4S)) for both
for more . Use Y(4S) — BB

« J continuum underneath Y (4.5)
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tensions in semileptonic B decays
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on V,, (x = ¢, u) tensions

@ |V, | from exclusive B decays (Belle, Belle Il) — Appendix 1 in
the back-up slides

@ |V, | from exclusive B — 77 ¢y (Belle Il

@ Simultaneous (incl. & excl.) |V, | (Belle)



arXiv:2210.04224
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arXiv:2210.04224 [ m]
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arXiv:2303.17309 C D
submitted to PRL
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Simultaneous (|ncI & excl) |V,
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arXiv:2303.17309
| submitted to PRL LD
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on the LFU test

LFU test with inclusive B — X1

@ inclusive study — complementary to exclusive
studies

* existing R(D™)) are all from exclusive analyses

@ one of the unique and high-profile goals of
Belle II

@ last measured by LEP (!)

@ As a first step towards measuring R(X. _,»), we

measure R(X,,,) at Belle II

Ip

I Exp+OPE: NLO + 1/m? + 1/mj

. Exclusive decay: > x cpe«) B(B — X T07)
t# OPE: NLO + 1/mj + 1/m;
e el BM:NNLO
F&4  FLR: NNLO + 1/m?
t#1 Incl. Belle (Unpublished)
e

LEP measurement

Rahimi, Vos, JHEP 11 (2022) 007
L L | | | | | | ! | ! |

2.2 2.4 2.6 2.8 3.0 3.2 3.4

B(B — X.tv) [%]

L R(XC,T/K)SM — 0.223 + 0.004

Feytsis, Ligeti, Ruderman, PRD 92, 054018 (2015)

Rahimi, Vos, JHEP 11 (2022) 007



arXiv:2301.08266
accepted to PRL

LFU test with inclusive B - X1

Reconstruct
Y(4S) - Bt‘ag€+
Y(4S) - Biytt

p, > 1.3 GeV

Only basic quality
cuts on tracks and
calorimeter signals

Tight constraints on
tag quality

Tight p, cut to suppress

€ = ©(0.1%)  hadrons faking leptons (“fakes”)
Precise knowledge of * secondary leptons from b — ¢ — (£, s) cascades (“secondaries”)
Biag kinematics * B - Xtv

[53% (e) / 66% (i) of selected B = X#v is retained]

See p.31 for FEI as hadronic B-tagging tool.
slide taken from Belle Il ICHEP2022 talk by H. Junkerkalefeld

July 18, 2023 Youngjoon Kwon, “Semileptonic B decays at Belle Il and Belle” SUSY 2023 @ Southampton 14



arXiv:2301.08266 Il =g
accepted to PRL

<O

Belle I

LFU test with inclusive B - X1

Belle IT wrong-sign f Ldt = 189fb~! Signal extraction by fitting pfj

2000 B Xev e X pv : : :
_ e: Backeround - Background . Contlngum bkgd. is Gaussian-
2000 B - Continuum i Continuum [ constrained by off-resonance data
= [ MC tot. unc. #*| MC tot. unc. . .
- - 4 Data " Data ¢ e Exploit B,,, — £ charge correlation
o 1500 p*%: I
- ‘*‘l . e
@ v For Btag, signal lepton is
= 1000
i v For Bt%g, signal lepton is £,
500 except for BB mixing
S O: v Fake & secondary leptons are
N= 20 Gaussian-constrained by
= . . B .
== 0.0 simulatenously fitting the p/ in
5 ©-2.0¢ Wrong-si le (1
Sy | | | | | | | | | | | | | | | | | | g Slgn Samp e ( eft)
< 14 16 1.8 20 22 14 16 18 20 22

pe [GeV/d p. [GeV/d

July 18, 2023 Youngjoon Kwon, “Semileptonic B decays at Belle Il and Belle” SUSY 2023 @ Southampton 15



arXiv:2301.08266
accepted to PRL

LFU test with inclusive B - X1

Belle I1 correct-sign [ £ dt = 189 b

Belle IT wrong-sign [ £dt =189fb""

2500?5 g:(eByackground & 7% Backgrjflﬁg % ! - X eV X /’LV
= 20002-- c: Contintum L /4 Continuum IS 12500 E e: Background 1t: Background
S ookt DAt8 - Lol Data -l c: Continuum p: Continuum [EEET
2 * - k= 10000 E MC tot. unc. MC tot. unc.
g 100 = o Data PR Pt Data ¢
- 500 qs'j -.-]
| 2 7500 .1
T 0 0N
: 20} > 5000 —‘
Z 14 16 1.8 20 22 14 16 1.8 2.0 2.2 Lﬂ - @ =
pP [GeV/d] Py [GeV/d]
2500 N
| .
Ea, 0 —
e— O U o
R(Xe//’l) TEG % 0.0 — o—* X . ¢ e ° —. ® o
o r— - o © L
= 10007 i 00009 i 00019 8 §_2.O -® | | | | | | | | | | | | | | | | | |
Z 1.4 1.6 1.8 20 22 14 16 1.8 20 2.2
the most precise BF-based LFU test, pZ [GeV/c] pf GeV/c]|

and consistent with SM
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New for July, 2023 [l *¢
Preliminar
R(D*) from Belle Il ’
BB — D*r7 1)
. R(D*) =
@ First R(D*) result from Belle II HB(B - D*C+v)

<O

@ Analysis features

® Use hadronic B-tagging with FEl (slide 31)

e leptonic 7 decays, 7" — £ v, 0,

e three D* modes: DT — D%z, D*z" and D™° — DY

Signal (B — D*77v) & Normalization (B — D*£ 1)
® extracted simultaneously
e by fitting 2D (M2, , Epcy)

MI%liSS = (pe+e— o thag — Pp*x — pz,”)z

Epcp = extra energy (unmatched) in the
EM calorimeter

July 18, 2023 Youngjoon Kwon, “Semileptonic B decays at Belle Il and Belle” SUSY 2023 @ Southampton 17



New for July, 2023 [l 4

R(D*) from Belle Il s o 2023 s

Bellell simulation B — D*tv Belle Il simulation B — D*lv

Belle Il simulation B — D**ly
10 10 10 0.03
10.03 010
o 0025 ° D*KU 1, 8 I)>I<>X< I/ 0025
A - 0.12
L 6 6 6 0.02
> 0.02 0.1 .
e 4 0015 4 008 4 0.015
" 0.06
g 2 0.01 2 2 0.01
LS 0.04
0 0.005 0L 002 O 0.005
- 0 - 0 _2
0 02040608 112141618 2 0 02040608 112141618 2 0 02040608 1 12141618 2

@ Signal (B — D*1%v) & Normalization (B — D*¢ 1)
® extracted simultaneously

e by fitting 2D (Mr%liss’ Egcr)

2 = 2
Mmiss = (Dete-—P wg Ppx — Pg)

Ep; = extra energy (unmatched) in the

EM calorimeter
July 18, 2023 Youngjoon Kwon, “Semileptonic B decays at Belle Il and Belle” SUSY 2023 @ Southampton 18



Candidates

Pull

R(D*) from Belle Il

@ Fit projections for the sub-mode D™t — D'z

100
80

60

@

—e— Data
] | Bellell Preliminary — Daa ki so0 [ Belle i Preliminary o+~ [} D*7v
[Ldt=18931" EEDv ] - [ Ldt=189310" D*]v
[ D¥~D'm* Eg::l/(r)v 400 :—+
[ ] Hadronic B @ - D**I(T)V @
- EFake p” . & 300 Hadronic B s
Other BG e % °
Fit uncertainty = _| 8 200 & - Fake D ® 8
Other BG
100 Fit uncertainty
0 o
;_ T T T I ' I _g 4 ;_ T T T T T T T T T _;
= E - 2K E =
2 £ £ OF = g
E
o > 7 L 0 _4()_III()!2III().I4IHOTGI”OTSIII;”I1!2”I1.I4I”1.|6”I1.|8”'_2
M2 [(GeV/c?] EZC? [GeV]
2 _hin vi ~ : :
M_ . . (Peak-bin yield ~O(600)) Er oy for entire Méiss region
R(D*) . O 267+O.O41+O.028
- —0.039—-0.033
Systematics

. dominant sources: £y PDF shape, MC statistics

July 18, 2023

Youngjoon Kwon, “Semileptonic B decays at Belle Il and Belle”
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E [ Ldt=189.3 10" B D*7v
i [ Dty )
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gint — 1 89 fb—l New for July, 2023 :
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New for July, 2023 [l 4

R(D*) from Belle II

<O

I I 5ab! 50 ab~!

B B T Rp  (£6.0£3.9)% (£2.0+£2.5)%
BaBar 2012, Had. tag 1 el Rp-  (£3.0+25)% (+£1.0+2.0)%
Belle 2015, Had. tag - P.(D*) £0.18+£0.08  +0.06 + 0.04

— : : — Belle Il expected precision, from
Belle 2017, (Had. 1) : ——1 _ The Belle I Physics Book, PTEP 2019 (2019) 123C01
LHCb 2023, (Had. 7) ~ —+=+
Belle 2019, SL tag At
LHCb 2022 et
Belle 11 2023, Had. tag — . | new Belle Il result is consistent with both

.| Preliminary - the SM and the HFLAV average
HFLAYV Average 2023 B I
R . . - *\ +0.041+0.028
SM Prediction H _ R(D ) — 0267_0039_0033
] | ] " | —aa | ] |
0 0.1 0.2 0.3 0.4
R(D*)

3elle 1l and Belle” SUSY 2023 @ Southampton 20



R(D*)

R(D) vs. R(D*), updated

O .4 B | | | I | | | | I | | | | I | | | | I | | | | I | | | | I | | | | I | | | | I | | _
B m Ax* =10 contours -

— |___Summer 2023 ~

| BaBar —

0.35 _ Belle® -
_ Bellell ) ’%(f """"""""" - N _

03 — Lo X ]
B Belle’ . LHCK -
- | LHCB G—— ) 4

0.25 [— 4 Belle® —
— World Average m

0.2 =  $HFLAV SM Prediction R(D) =0.357 =0.029, —
B R(D) = 0.298 + 0.004 R(D*) =0.284 = 0.012, -

- R(D*) = 0.254  0.005 p=-0.37 -

_ P(x2) = 33% -

| | | I | | | | I | | | | I | | | | I | | | | I | | | | I | | | | I | | | | I | |

02 025 03 035 04 045 05 055
R(D)



Closing remarks

@ Precise determination of the CKM matrix elements is crucial for testing the
Standard Model. The magnitudes of these elements, in particular, V_, and V ,,
are best measured by using B-meson semileptonic decays.

@ Moreover, semileptonic B-meson decays provide a great testing ground for
lepton universality of charged-current weak interaction processes.

@ We reported recent unique and/or competitive results of inclusive and
exclusive B-meson semileptonic decays, from the Belle Il and Belle
experiments.

@ For some of these results, tag-side reconstruction of a companion B-meson
decay has been exploited, which is now a unique feature of Belle II.

@ For bottom line, using 189 fb~! data sample, Belle Il has made 1) precise
measurement of inclusive ratio, R(Xe/ﬂ) and 2) its first contribution to R(D).
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Appendix O The apparatuses
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Belle |l

SuperKEKB

Interaction

Region Belle |l detector
N " ——

electron ring

positron ring injector
to Linac

L =6.5x10% cm?%s™!
— 7GeV 4 GeV + goal
€ 7 (*)<_e / L dt =50 ab™!
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D
Belle II (Collected luminosity before LS1 (2019-2022)

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

Integrated luminosity
mam Recorded Daily
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eTe” — T(4S) as a B-factory

25 —
The Upsﬂon System ]
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e B(Y(4S) — BB) > 96%, with p§™ ~ 0.35 GeV/c

e nothing else but BB in the final state
-, if we know (E, p) of one B, the other B is also constrained
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Key variables of B decays
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Full Event Interpretation (FEI)

@ FEl algorithm to reconstruct B,

e uses ~200 BDT’s to reconstruct O(10%) different

B decay chains

e assign signal probability of being correct 5,

Comput Softw Big Sci 3, 6 (2019)
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Appendix 1 Exclusive
B — DY¢tvforV,



B — D*¢"v shapes & |V, |

Differential shapes (normalized) of B — D*¢ v
® 3as input to determine the non-perturbative form factor

® once FF shape is known, it can be combined with L-QCD (or other methods)
for the absolute normalization to determine |V, |

B(B — D*/p,) B — externally determined
5 (B — D*(p,) I' = decay width/|V.|* (theory)

|Vcb‘ —

® use hadronic B-tagging via FEI

® [-QCD at zero recoil (w = 1) is used for |V _, |

/
w =70

2 2 2

QmBmD*
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B — D*¢ v shapes & |
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* Full correlations b/w the projections

are also determined

Bkgd. subtraction, with binned

likelihood fits to M=
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with binned likelihood fits to M2
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