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(Semi)leptonic decays at Belle 11

Semileptonic/leptonic decays are ideal for an e*e-machine:

® Absolute (not only relative) branching fractions can be measured
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Initial state is known, so signal decays can be identified via missing energy, missing "mass”

Low backgrounds, high trigger efficiency, negligible trigger bias, excellent y and ° reconstruction
(and thus n, n’, p+, etc. reconstruction efficiency)

Good kinematic resolution, many control samples to study systematics

Channel Belle BaBar  Belle IT (per year)
BB 7.7 %108 4.8 x 108 1.1 x 10
BB | 7.0 x 10 - 6.0 x 108
T(1S) 1.0 x 103 1.8 x 101
T(28): | 1.7x10® 0.9 x 107 7.0 x 1010
T(3S) | 1.0x107 1.0 x 108 3.7 x 1010
Y(55) | 3.6x107 — 3.0 x 10°
T 1.0 x 10° 0.6 x 10° 1.0 x 10'°

Belle-ll: 50 x present

= 4 x 107° BB pairs
= 7.2 x 1070 DX events
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Lepton iC de(jays D (s )+ — / + V Ambhis et al. (HFLAV), EPJC 77, 895 (2017)

https://hflav.web.cern.ch/

2

GZ mz

I'(Df —¢ty,) = 8—: |Ves|? 5, mgmp, (1 — m; )
D

S

Two strategies:

* Take |V, or |V, from CKM unitarity, extract fy,, compare to lattice QCD calculation
* Take fp) from lattice QCD, extract |V | or |V,4| , compare to CKM unitarity

I I ’— T T I
Summer 2016
CLEO-c

250.8 9.8 4.8 Summer 2016
BaBar |-, 2589 +77+82
Belle |- 2431+64+49 | CLEO-c |- I ° 8 457+12+04 |
BESIII | 23994+ 174452

246.1 109+ 54
—e——127144+168+52
250.4 +£ 123 £ 5.7
= 240.7 £ 123 £ 16.1

CLEO-c | 7(m)vr

——e—
BaBar | _ ., = \4—e—pH 236.4 + 11.1 & 13.1 | BESIII |- i 46.4+19+0.6
- T(e)vr H—e—H 247.4 + 7.6fj7'34 ]
Belle | m(1)vr ——c— 258.5 + 8.2777 N
|

e 2624+093707 |

BESIII ® i r(m)vr 194 £+ 54 £+ 11 .
T 2482+ 44+33 | Average |- —o—1 459+1.0+£0.4 |
Average | Tvr 2509 +£4.0+41
—uvy +‘ TVT 25?3 +31+33 ‘* ‘ ‘ ‘ ‘ | | |
200 250 300 350 40 42 44 46 48 50 H2 54
st| Vcs| [MGV] fD‘ Vcdl [MeV]
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Lepton ic de(jays D (s )+ — [ + V Ambhis et al. (HFLAV), EPJC 77, 895 (2017)

https://hflav.web.cern.ch/

2
G2 m?2

(Dt —e¢tv) = —EV..I>Ff2 m?m 1 — %

(Df =) = o IVel S5 mymp, |1-

Take |V4| or |V, from CKM unitarity, extract f,,, compare to lattice QCD calculation
Take fp ) from lattice QCD, extract |V | or |V, , compare to CKM unitarity

_ _ = (248.83 + 1.27) MeV Aoki et al. (Flavor Lattice Averaging Group),
Using recent LQCD results: | /o= (248.83 ) Me EPJC 77, 112 (2017) [arXiv:1607.00299]

fp=(212.15 £ 1.45) MeV

FNAL/MILC, 1712.09262: f,, = (249.8 + 0.4) MeV
f,=(212.6 + 0.5) MeV
RBC/UKQCD, .1701.02644: f,_ = (246.4 + 2.5) MeV
f, = (208.7 + 3.4) MeV

gives: V.| = 1.006 £ 0.018 (exp) + 0.005 (LQCD)

V.| =0.2164 + 0.0051 (exp) = 0.0015 (LQCD)

Using CKM Unitarity: [Ves| = 0.973394 0909072 600096

V.| = 0.22537 *0-00068 ) 50535

gives:

fpo=(257.1 £ 4.7) MeV

= (203.7 £ 4.8) MeV
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7 Leptonic Decay D,;"—> 1" v

Zupanc et al., JHEP 09 (2013) 139

Method: use energy/momentum conservation to search for rare D*— £'v, D*— vv, etc.

Cy )
<l>
BELLE

+ -
ee —> Dtag Xfrag Dsignal

X K (anti-p)
Tag side: D° D+ AS
K nt K rntnt pK 7"
K—ntnY K-ntntad pK w0
— bt~ 0 0
Decay mode: KKWZWZWWO Kg Z 0 i[;f
KYntr™ KYrtate Artrd
KYrtn— 0 K*K I Antatr
Ko™ Kg
Klnt a0 K)m
Kirtntm Kyntr same as for
Xtrag K+ KYrtn 0 DT tag
K+ Y K”r T +p
Ktrntn~ Ktrn n
Kt atn— a0 Ko ntn

For Dy,.,, require 1 lepton track (D"— £"v)

A. J. Schwartzg

CKM 2018

14 mw ..
NT/
Xfrag
et T e”
(*)/\ .
Dtag Dsig
(DO, P+ D( )+ AD) _J \
D%, = ms
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Events / (0.002 GeV )

Pull

e'e > Dy Xppog KD — Dty

\,

-5—| | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 TR

x10”

1 Leptonic Decay D" — v

6— Inclusive D; Signal X = nothing

frag

- )
|

BELLE

1 I 1 1
1.85 1.9 1.95 2 2.05

I\’Imiss(I:)tagKXfragY) [GeV]
Belle yield (913 fb-'):

= Belle Il yield (50 ab™):

94360 inclusive

5.2 x 109 inclusive

Zupanc et al., JHEP 09 (2013) 139

Pmiss=Pe++Pe-'PDtag_PK_PX_P;/_Py

(Mmiss)2 = (P miss)2
Require 1 charged track passing u ID and pointing to IP
Fit t0 (Mpnss)? [Dyoy Xivoe K g7 y missing mass squared]

2]
o

Combinatorial Background

ignal
<o Signal
B = True D, Background
|

Events / ( 0.01 GeV?)
N S
o o

Pull

'-0.2"'0"'0122' 'o.'4"'20.6
M ss(D,, KXiragrh) (GeV?)

0

5_

0
-5

492 + 26 exclusive D;*— v

26900 exclusive D;"— u'v

= A |V, =0.003 (stat), below theory error (LQCD) of 0.005
Afpg = 0.9 (stat), below theory error (FLAG16) error of 1.3
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A - + +
4 Leptomc Decay DS 2TV Zupanc et al., JHEP 09 (2013) 139

e > Dy Xpyog KD > DSy

* Pmiss=Pe++Pe-'PDtag_PK_PX_P;/_Ptrack
* (Mmiss)2= (P miss)2

Require |p,iss | > 1.2 GeV/c?in lab frame
For = mode require 0 < (M,,..)? < 0.6 (GeV/c?)?
For e/u modes require (M,,;s)? > 0.3 (GeV/c?)?

iy

uvy, v

Obtain signal yield from fitting excess Eg;
distribution

Events / (0.05 GeV )
g

-
o
o

Pull
&b o uvo
o

=

—=2 3 z z
EgcL (GeV) Egc, (GeV) Egc, (GeV)

Belle yield (913 fb): 2217 £ 83 exclusive D" — v
Belle Il yield (50 ab™): 121400 exclusive D,"— t'v

= A |V, =0.003 (stat), below theory error (LQCD) of 0.005
Afpg = 0.6 (stat), well below theory error (FLAG16) error of 1.3

A. J. Schwartzg
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X

¥ Leptonic Decay D*— 1i*v (Belle I MC)

° . .
e —>D. X.. D — D+ Regq/re 1 charged track passing u ID and
tag <" frag pointing to IP
® Fitto D, X, 17" missing mass
3 MC Simulation [5.5 ab™']
>x10 MC Simulation [5.5 ab™']
. 80— D'>u'v
% 100— Recoil D+ 5 - D*aﬁ“pfvu background
= Background 8 60— DKt background
g - g | Remaining background
. o
g @
g S0 "
< T
N i
P S S I, 0"=%2" o 0.2 0.4 0.6
1.84 1.85 1.86 1.87 Mrzniss(D Xfragnslowl"l’) [GeV"2]
Mmiss(Dtangragnslow) [GEV] e
= Belle Il yield (50 ab™): 3.5 x 10° inclusive 1250 exclusive D*— u'tv

= Afp|Veyl = 0.65 MeV (statistical error, which dominates), well below
that of CLEOc (1.2) and BESIII (1.9)
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3 Amhis et al. (HFLAV), EPJC 77, 895 (2017)

>
kd Semileptonic Decays hiipS/fiv wab.corn oh/

Dﬁ (K, ﬂ) /+V: dF - G%‘ p}g‘L = ! FOCUS, MARK3, BESII

2 21\ |2
d? = 2ams |Vesed f+(a%) Lok o

CLEO-c tagged
BaBar

[[T1]] BELLE

BES Il

@ Average

= Take f,(q?) form factor from theory, determine |V | or |V 4|

(D|||||||||||||||||||||||||||||

-2
f.(0) ‘
. . f q2 — + B ‘
Simple pole: 1+ (a%) A= q2/ma) 5
» HFLAV
Modified pole model: Fi(a® = 74(0)
(11— qz/mgole)(l - apq2/m§ole) 8. B Y Y L
O,
z expansion. ty = (mpEmp)’ ty=t,(1—y1-t_/t,) y 0: D’ Ity 1] BELLE
N yl CLEO-c untagged
ey = VT E N =
° \/t+_q2‘|‘\/t+—t0 _1:_ \ H V//)BES 1N
1 oo C ‘ i % ““ @ Average
fi(g®) = a, z* 2 \ ‘a‘
+() P(q®)p(g?ty) i=o © - Hl |
L N\t
a,/ay =71, ay/a, =T, W HFLAV
s
K+(O)‘VCS~| = 0-7226 i 0.0022 i 0.0026 :|||||||||||||||||||||||||||||||||||||||||||||||||
01 011 012 013 0.14 015 0.16 0.17 o.1:3f (oc.;)siv 0|.2
+ cd
%(0)|V,| = 0.1426 + 0.0017 + 0.0008
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Ambhis et al. (HFLAV), EPJC 77, 895 (2017)

Semileptonic Decays hiipS/fiv wab.corn oh/

D— (K,7) £*V: K,(0)|V.| = 0.7226 + 0.0022 + 0.0026
7 (0)|V,, = 0.1426 + 0.0017 + 0.0008

K,(0) = 0.747  0.019

Using recent LQCD results: Aoki et al. (Flavor Lattice Averaging Group),

EPJC 77, 112 (2017) [arXiv:1607.00299
7.(0) = 0.666 + 0.029 (2017) farXiv. /

gives:
HFLAV HFLAV
-Ds — fuy [—c— 1.006 + 0.018 £ 0.005 | =D — fuy e 0.2164 + 0.0050 4+ 0.0015
‘ D — Kfluy —ieoi— 0.967 £ 0.005 + 0.025 - D — wlyy =i 0.2141 £ 0.0029 + 0.0093
Recent LQCD: Average ey 0.097+0.017 - Average g, 0.216 £ 0.005
Riggio et al., EPJC 78 o ¢ ¢
(2018) 501 [1706.03657]:
© B —o— 230+ 0.011
|Ves| = 0.970 £ 0.033 W — cs 0.9477% £ 0.13 vN 0.230
Vool =0.2341 £0.0074 |~ ool
| | l l | l l
085 09 095 1 105 1.1 1.15 0.15 0.2 0.25 0.3
| VC5| | Vcd’
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Semileptonic Decays Widhalm et al,, PRL 97, 061804 (2006)

® To maximize g2 resolution, fully reconstruct tag -

D— ( I(,ﬂ) v side, require aD , D™, D AN TTI
® define Pp. = P, + Py —Ppyoq — Py Xtrag
* require (Py)? = (Mp.)? e’ e
* require (Pp- —Prsiow)* = (Mpo)? Dgé/ \Eéi‘g
® Identify (K or n) and (u or e), and require BOD0%, D7, ) 50/ \n;

|(PD*_P7TSIOW_P(K]]T)_P(#’e))zl <0.05 (GGV/C2)2

, 2 .3

Belle yields ar  G%p;, Vosodl? |14 2)’2
(282 fb_1, 79% pUI’Ity).' dq2 _ 247_‘_3 CS’Cd + q

D — K*uv. 1249

D' — Kte v. 1318 — 25 —

=2 HIEM unquenched LQCD (2]
D’ — ztrv. 106 :’+2'2§ qugmched LQCD [3]
DY > 7te v 126 1.75 % """" simple pole model [16]

ti BaBar yields
(380 fb', 53% purity):
DY — e v. 5303

1,.M_|_

Z225 | :
. =2
Belle Il yields (50 ab™): 175 | Jr+
DV~ K*¢v. 455000 e e
D= v 41100 Y
53% purity: o5 P
D> e v: 698000 051 DV mly ‘
0 1 2

3
q° (GeV?/c?)
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Semileptonic Decays (Belle I MC)

Kou et al. (Belle 1l Physics Book),
arXiv:1808.10567, submitted to PTEP

+ype e + DO i
D— (K,7) £*v: . EUI,% relgonftglct f Ig) , DP on ta’% side Tag side: 0 T
erne Fp- = ey e- ' Dtag™ " X K=t K-nTnT
* require (Pp)? = (Mp-)? . Km'm | AN ™
Belle Il yields (50 ab™): Final Kmimn Ksm
DO K+ £ v 455000 * |dentify (K or z) and (u or e) state: K [?J ;T:;T_W KIO(;S; f;rﬁ_
: S S
D> 7t¢év. 41100 R Ky rta—r" KtK—n*
53% purity: calculate M, > = N none
DY 7ev: 698000 Priss® = (Po+ = Psiow=P (.2) = Prue)? + o 0
i or Xfrag : _7:—'__7: B 7T+7T_
Umiss = Emiss - |pmiss | T mtnnf
Belle 11 1.0 ab™': 2 3
Qo SO T T > LN BRI B ELRL IS I 9 3 “/cs,cd‘ ’f-l—(q )’
O — Tou 2 b Crea dq 24m
o 301 — Signal - © N — Signal ]
g F — Background > N — B:ckground
C < 251 7 -
> 250 E s F Belle Il 5 ab':
c r w C
o 20F : 20p E T
| - N ‘O’: 2.25 E—
151 f 15F ; “2E (b) +
: - 175
100 = 10F - 1_12:2 3
- N 1E
5 E 51 = 0.75 £
: | i ] O >
C 0.25 niv
%3702 01 0 ol 02 03 %3702 01 0 01 02 03 0 2 ——
Mrzniss(DtagxfragnSKe) [(GeV/CZ)Z] Umiss(DtangragnsKe) [GeV] qz (GeVzlcz)
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3 D' vy (nothing)

Y.-T. Lai et al., PRD 95, 011102(R) (2017)

e > Dy Xiypyg D" > D 1*

Require no extra charged tracks, y, 7’ , efc.

®* FittoD,, X, 7 missing mass and ECL isolated

X

-y

=]
w

energy distribution:

EECL <0.50 GeV MDO > 1.86 GeV/c?

— e Data
B [ D A180— < | ) D
NQ 140H o Data s N‘\" [| e Data % | | = Fitresult <2
% || —— Fit result % 160l — Fit result o L -S:,gnal
= B I .u 0 b C| [l Signal g 200/ " D bacokground
Ty 120__ Inclusive D N~ o D’ background P B non-Dl background +
e T N Background o 1a0p non-D° background i i i
€100l > [ a | -
5 1 G120~ S 150/ !
- L c - L '
c [ Q. I >
9 s > 100~ o L
> w r L
w i L L
i 80~ o0~ ofF v b e
60— - I i
L eo— a1 FExX g L L T
40— ane UP
- 40% 50 AL
20.:; 201 i i
0_ ol B —\\\\\\\\\[\\\\‘\\\\‘Im\“\\\\‘r\\\m”\”“‘”\\\\ 0 H‘\Hhiwf\\\?H\f\\\?\H?\Hf\\\?\\\i\
1856 1858 186 1862 1864 1866 1868 187 1.84 1.845 1.85 1.855 1.86 1.865 1.87 1.875 0 02040608 1 12 14 16 1.8 2
M, [GeV/c?] M, [GeV/c’] Eec, [GeV]
Belle yield (924 fb): 694700 inclusive  —6.3 *23_,, exclusive D;*— t*v B <9.4x107° (90% CL)

= Belle Il (50 ab™): 37.6 x 10 inclusive

single-event sensitivity = (1-6) x 10 [theory: 1.1 x 10-3]
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Completion of first SVD clam-shell (Jan 2018)

Detector is superior to
Belle: better vertexing,
better particle ID, full
reconstruction (neural net)
on tag side is greatly

improved over
Belle/BaBar.

* CDC Hits

PXD L1 ladders ready for half-shell assembly

Event display, cosmic ray run
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Entries / 6 MeV/c?

Entries / 2 MeV/c?

Entries / 6 MeV/c?

A. J. Schwartzg CKM 2018

Belle II charm signals: 250 pb™, no VTX

E L B B e N F S B S S B S S B B
80E .[L dt = 250 pb’! * D> K7t 3 E 60 Jl dt =250 pb” H D —> K7+
70— — o~ C
coC.  Bellel 2018 { i E § B Bellell 2018 =
50 ; Preliminary é é 40 ;_ Preliminary ++ + _;
40 { { = o 30— + =
S0E" E 20— H+ =
20— — C ]
i 'H++ hﬂﬂ"‘m ‘ .+,+ﬁ fotatatebe  oan . e . o] O: PP, . ¢ 5 L R TR Sl .SV = o
AN R R R Y 014 0142 0144 0.146 0.148 0.15
300_.[ — \+\\ ] N :-|‘J_"|“'\“'\“'\“'j
= | Ldt=250 pb ] 5> 160 L dt = 250 pb” +
— 0 = 2 & ==0p 0 — et
207 petien 2018 t D'—» K77’ . 2 140 +‘H‘ D> K7t A0
S + B AN Bellell 2018 + =
200? Y + + 7: @ - Preliminary + =
- E g Toob 4 i 3
150 H+++ m = ] 80 ++ —
o 4 ++ - 60— +++ H4 t E
bt L ++++++ . - LT
soF it + +o4 40 HHH +++++f

- ] 05, +hp =
07 T e i Y ies e a2 05 '014‘ —oi42 0144 0i46 0148 015
120: T T T T T T : N§ soi T T T T T T T T T T T T :‘

- J.]— dt = 250 pb” + DO Ny P —— ] 2 E J.L dt =250 pb” | DO > K rtrr
100— — © 50;

C Bellenl 2018 * ] S E Bellell 2018 | H 4
80; Preliminary * 7: 8 40% Preliminary * | i
60| - & s0f- ]l { =
401 + + — 20? ++ ++ é
20— . + +++ ++ ; \ — 10; ' H’* ++++++++++++ +:

A +++ H +h ”#* B “H +++ ++++ sttt ++*++ oF ‘H‘HH#H‘,H*H‘ 4 s + & + #

T s e e e b ey 014 0.142 ‘014 0146 0.148 015

M(D") [GeV/c?] AM = M(D*)— M(D°) [GeV/c?]
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Summary

® Belle Il is now (almost) fully constructed and installed. The entire detector except for
the VTX is now undergoing commissioning (with beam from April - July)

® VTX detector (SVD + pixels) will be installed in the winter, physics run with full Belle I
detector to begin in 2019

® Leptonic + semileptonic decays should be measured with ~50x larger statistics; as
errors are dominated by statistics, precision on fps, |V, |Ves| Should improve by ~7.
Will measure fp and |V 4| with D*— " v decays. Most measurements
better/competitive with BESIII, precision similar to that of LQCD.
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Extra Slides
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The Belle II Detector

KL and muon detector

Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC

— -* (end-caps , inner 2 barrel layers)
EM Calorimeter

Csl(Tl), waveform sampling electronics

\

—

electrons (7 GeV)

Particle Identification
Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (forward)

Vertex Detector
2 layers Si Pixels (DEPFET) +
4 layers Si double sided strip DSSD

1117

= positrons (4 GeV)
Central Drift Chamber

Smaller cell size, long lever arm

Belle | TDR, arXiv:1011.0352
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Schedule

Calendar year 2016 2017 2018 2019
Japan FY JFY2017 JFY2019
| . .
/ i (end Feb. —mid Jyl. 2018) | w/ full Belle II
phase 1 W03 'phase 2 (MR), ' phase 3
I C — m— - -
MR renovation for phase 2, including ! L e :
MR startup installation of QCS and Belle II : 2%%?;1 'VXD installation
1

: Assumes phase 3 operation

|
DR installation & startup DR commissionihg

9 months/year
— : : /
I I

I I | | I I | I I I ' | I | ' ‘ I
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Leptonic Decays D;"—> £ v

S. Faffer et al., PRD 91, 094009 (2015)

2\ 2 2 2
Mps m 2 mp
B(D, — tv)) = Tpe—f2 (1 — —£ ) G2 x (14 69)|V..2Zm21 — ¢! s
( s Z) Ds 87 st( 2D8> F ( em)l cs| 2 P ( . s) .

68% CL (dark) and 95% CL (light) allowed regions:

O.O4iD““ T4 i
| Ds—= v, ] 0.6jDS_>TVT ,
0.02. 0.02F ] 0.4; 02F ‘ ‘ ] *
: 001} ~ 0.2r 0.1 1 ]
g | e
S 000 0 S 0.0 6-0
g ’ | g i :
i —001} ] — —0.2r —0.17 ] ]
~0.02" . ? ?
-0.021 ‘ ; —-0.4r —0.2k ‘ ‘ i 1
I 0 0004 0008 i —-0.10-0.05 0.00 0.05 0.10 |
, ~0.6" ]
_OO4T | . . . | . . . | . . . | . . . ] T T I T R T S N S S N S S S A S RN
000 002 004 006 008 00 02 04 06 08 1.0 1.2
Re(cP(“))

Re(cp™)
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