


Why are |V,5| and |Vp| important?
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Status of |V,,| and |V
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Status of |V,,| and |V

Exclusive B — wly  Inclusive B — X, lv Exclusive B — D®]y Inclusive B — X lv
2004 2004
2008 2008
2012 — —— 2012 —_—

Ny — plv
——— ——

2016 — 2016
2018 - 2018
3 1 5 38 40 12 14
[Vl x 10° [Vig| x 10°
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Semileptonic B reconstruction

o Collide e™ and e~ at the energy
to make T(4S) particles
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Semileptonic B reconstruction

o Collide e™ and e~ at the energy
to make T(4S) particles

@ T(4S) decays to BTB~ and
B°B% >96% of the time.

BO
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Semileptonic B reconstruction

o Collide e™ and e~ at the energy
to make T(4S) particles
@ T(4S) decays to BTB~ and
BYB® >96% of the time.
o Tagged approach:
» Reconstruct one B meson as

. . —_—
tag-side (Bgag) hadronic or SL _
e
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Semileptonic B reconstruction

o Collide e™ and e~ at the energy
to make T(4S) particles

@ T(4S) decays to BTB~ and
B°B° >96% of the time.

o Tagged approach:

» Reconstruct one B meson as
tag-side (Bgag) hadronic or SL

» Study remaining B meson as €
signal (Bsig)
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Semileptonic B reconstruction

o Collide e™ and e~ at the energy
to make T(4S) particles
@ T(4S) decays to BTB~ and
B°B° >96% of the time.
o Tagged approach:
» Reconstruct one B meson as
tag-side (Bgag) hadronic or SL
» Study remaining B meson as €
signal (Bsig)
> Pv = Pete— — Pu— — Pr — PByag
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Semileptonic B reconstruction

o Collide e™ and e~ at the energy
to make T(4S) particles

@ T(4S) decays to BTB~ and
B°B° >96% of the time.

o Tagged approach:

» Reconstruct one B meson as
tag-side (Bgag) hadronic or SL
» Study remaining B meson as €
signal (Bsig)
> Pu = Pete— — Pu— — Pr — PBiag
o Untagged approach:
» Reconstruct signal first.

William Sutcliffe The Prospects for | V| and |V at Belle |1

4 April 2019

5/

33



Semileptonic B reconstruction

o Collide e™ and e~ at the energy
to make T(4S) particles

@ T(4S) decays to BTB~ and
B°B° >96% of the time.
o Tagged approach:
» Reconstruct one B meson as
tag-side (Bgag) hadronic or SL
» Study remaining B meson as
signal (Bsig)
> Pu = Pete— — Pu— — Pr — PBiag
o Untagged approach:
» Reconstruct signal first.
> Inclusively sum over all tracks
and clusters in remaining event
or only use signal information
e.g p;, costpyp;

Rest of Event
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Exclusive theory

14 prerprreprerpee T

8 u
b 5 \7 121 1
o p /A
§ s ]
R0 7 . . TT+/D+ o ] 7
B % d ViV d J i ‘
: 09+ 1
b ufc “f —
w— - "t 7

7

@ Matrix element factorises
M = —i L VpH" L,

o BO( M2 X Iqu|2

o HY(£(q)) = (X |a7"(1 — 45)b| B) |

@ Form factors fi(g°) computed with C e T

LCSR [see N. Gubernari] or LQCD H N
. t al. PRD 92 054510 (2015
[see A. Kronfeld] acta ( )
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https://indico.cern.ch/event/760368/contributions/3316161/attachments/1822470/2981510/talk_Nico_Gubernari_Durham19.pdf
https://indico.cern.ch/event/684284/contributions/3072744/attachments/1716816/2772599/ask4ckm.pdf

Exclusive |V,,| from untagged B — 77/~

@ Select good 7 and / candidates. Pv =(Enmiss, Pmiss)
+ =Pete— — Pr — PI
™ -
E}S‘/v - Z Ptracks — Z Pclusters
s 7

—- B e PB = Pr + Pi + (Pmi557 pmiss)
e et
E 1 H — *2  _ px*2
Rest of Event ©® Fit My = m and

AE = E} — Efpny (+ = CoM).

gzr‘o»w«.%zo(;ev2 s
x10° T 200
o~ 12 T T T T ™ o o
S * Data £150
[T BGL (2+1 par.) S 100 Measurement Reference
S " ?ﬁ?ﬁﬁm BABAR (6 g2 bins) ~ Phys. Rev. D83, 032007 (2011)
C s ‘ . FNALMILG fitegde 0 BABAR (12 ¢? bins) Phys. Rev. D86, 092004 (2012)
g ! / 05, Belle (13 ¢? bins) Phys. Rev. D83, 071101 (2011)
B 6 e 1 .
< 1 11
O
a4l 3 d o Data (on-resonance)
2200 - 4 Signal
s 3 * Combinatorial signal
2r N B —plv
c I B - X, |vincl.
0, L 1 1 L L 8 B—-D* Im
(] 5 10 15 20 25 B—D/DY (n) v
Other BB
q? (GeV?) o

1 05 0 05 1
AE (GeV)
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Exclusive |V,,| from tagged B — 7/~ 7,

Measurement Reference

Belle (13 g2 bins) Phys. Rev. D88, 032005 (2013)
o Pv = Pete— — Pm — P1 — thag

T FoGeVic < < 2Gevic? T30F 14 GeVZ/e? < F < 16 GeVa/e?
it Missi 2y gk 820
@ Fit Missing Mass Squared (p;) 8 8
S10p S10)
wt 5o T 0 50 T 0

4 % T 2
Miyes (GeV?/ct) M., (GeV2/ct)

. - -
B0
R ——— — @ Improved tag-side reconstruction algorithm:
e €
'S
BO

Full Event Interpretation

tag

@ Reconstructs O(5000) decay chains.

@ Higher tag-side efficiency at lower purities.

[Tracks] ECLClusters ]

hadronc 5" tag

Belle Il preiminary [ -1snt
+ om »
B s

M 0.45 —a— FEI
c 0.40 gt M
2035
§0.30
% 0.25
3020
So01s
20.10
" 0.0s

) (e

Nps = 389243

() D+ D, |

D D*t D;

Events / bin width [c?/GeV]

Pull

.
10 20 30 40 50 60 70 80 90 100 b [GeV/c]
Purity in %
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Projected |V,;| from B® — nt /-7 decays

Belle 11 MC

@ MC tagged and untagged analyses
peformed in the B2TIP report
[arXiv:1808.10567]

current

=
Lp X10°° Belle IT MC g
® @ Toy MC untagged data
® @ Toy MC tagged data
Lo 1 10 band - lattice only, scaled [
= \ I 10 band - tagged ! " ! r [)mf‘]w N '
'S sl I 10 band - untagged |
~
‘> Source Error (Limit) [%)]
o o6k | Tagged [%] Untagged
o Tracking efficiency 0.4 2.0
™ Pion identification - 1.3
% Lepton identification 1.0 2.4
= 04r 1 Kaon veto 0.9 -
% Continuum description 1.0 1.8
Tag calibration and Nz 4.5 (2.0) 2.0 (1.0)
02 XyLv cross-feed 0.9 0.5 (0.5)
L=5ab! X v background - 0.2 (0.2)
‘ ‘ ‘ ‘ ‘ Form factor shapes 1.1 1.0 (1.0)
007 5 10 15 20 25 Form factor background - 0.4 (0.4)
2 G 2.2 Total 5.0 45
eV*/c
q [ / ] (reducible, irreducible) (4.6, 2.0) (4.2, 1.6)
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https://arxiv.org/abs/1808.10567

| Vip| from inclusive decays

light quark

Fermi

tion
\mo

heavy b-
Quark

@ Large background from b — ¢
@ Exploit b — ¢ kinematic endpoints.
@ |V = /AB/(18AT)
Phys. Rev. Lett. 104, 021801
A .
—B BZJV
o \Y(4S)/ \QA‘;/XU

Hadronic Tag Signal Side

William Sutcliffe

The Prospects for | V| and |V | at Belle |1

d4°r G2| V|2
_ CE Vi [k ClEe b ok ) F(R)
dpy, dpx dE, 19273
A
+O( QCD)
mp

F(k) pdf of b quark momentum, k
® C(Eq, px, py, k) computed perturbatively

dr(b—c)
dE, dr(b—e)

dmx

005 1 15 2 25 ¢35 1 15 2 25 3 35
E/Qev m, / GeV
2 2
T T
22000, 2
@ @
1500
1000} 1000
500¢
1 2 3 10 20 3
M, (GeV/c?) @ (GeV?/c?)
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Future of inclusive | V|

F(k) =" (cafa(k))?

Source Error on B (irreducible limit)

BDWr) 12 (0.6) n

Form factors (D™)¢v) 1.2 (0.6)

Form factors & B(D™**)(v) 0.2 [0

B — X,(v(SF) 3.6 (1.8) BoXdu fl G [Vupl

B = X,lv(g — s5) 1.5 __* 8 Mo

B(B = 7/p/wlv) 2.3 B X ); IC7l

B(B — ntv) 3.9 ﬁa;m 2_ shape function
B(B - X,(v) unmeasured/fragmenta- 2.9 (1.5) 3 [ Vel

tion

Continuum & Combinatorial 1.8

Secondaries, Fakes & Fit 1.0 4.5 . . .
PID& Reconstruction 3.1 P Belle II Projection ]
BDT /Normalisation 3.1 (2.0) I/ ‘\\ (exp. + param. uncertainties)]
Total 8.1 1
(Total reducible) 74

(Total irreducible) 3.2 — 5ab™!

10° | Vi

Exp. Theory Total
605 fb~T 6.0% 2.545% 6.57.5%
5ab™!  23% 2545% 3.451%
50 ab™!  1.7% 2.5-45% 3.0-4.8%

4.65 4.70 4.75
m;S [GeV]
William Sutcliffe The Prospects for | V| and |V, at Belle |1 4 April 2019




|Vep| from B — Dlv

@ Tagged: fit M2, in bins of w [Phys. Rev. D93, Latest LQCD (2015)
032006 (2016)] w = (mp + m>., — ¢°)/(2msmp.)) PRD 92 054510, PRD 92 034506

_ A e
o 15 - data o « daw 366721005+ 733 ]
> ) oiv - I8 »Div
3 I -0 § ¢ -5 0 oo
g + (B other background g zoﬁ; B other background 185 T0x 347
S o b o St 1 ssmct 0
< 100 sk BELLE
£ e I 4194+060+121 bl
§ L §
§ §
g i Zf saargona L B
| [
“r BABAR tagged
o ; -
P ST I
s aae ] D F—
M., (GeV?) M, (GeV?)  |a157+0452080 ]
HFLAV
T =
H * * L | L | L | L | L
@ Untagged fit of BaBar to pp, p;/ and cosfspi N E— 30 yrR—

8
8

Candidates/100MeV
8
Candidates/100MeV

T

1.1 9 1.1 <~;
{ |
0.9+ k| 0.9- k|
5 2 i 15 2 2 a4 0 1 IR T TN
n? (GeVic) py" (Gevic) cosO, S 10 15 20 25 30 o
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|Vep| from B — D*Iv

@ Untagged: 3D fit (cosfgp~/, pi,

AM) [Belle: PRD 82, 112007 @ Tagged fit to M2, [Belle: arXiv:1702.01521]
(2010), arXiv:1809.03290]
g [
O STRTaTr G105 014 0TS O O Te a6 T A ey

AM[GeV]

@ Fits performed in 1D bins of angular variables

and w.
[Ps 3 g
§ §
1 1
$ === (G
¥ 2 i o
L e | I I e
ook, | 100
@ o T i3 i} i s O G806 04 0% 0 02 04 08 08 1
2 v o
2 o
w i o i
%M = %:: e = ~+4
o ol = bt S
i el L
o o
100f Lj‘-‘ bl
(] “
€08 85y B L M B e}
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|Vep| from B — D*Iv

aLePH
310+ 18+ 13 I
)
307+ 12+ 16 —
oPAL exc
358+ 16+ 16 —_—
(OPAL partial reco
BELPHl prti eco i . . .
s 14223 —— @ Analysis of arXiv:1702.01521 by independent
358+ 17+ 20 e rOU S
e o — group
| [D.Bigi et. al., PLB (2017) 441, B.Grinstein et al.,
i} PLB 771 (2017) 359]
N it HFLAV BGL Fit:|Data + lattice| Data + lattice + LCSR  CLN Fit:| Data + lattice| Data + lattice + LCSR.
otz a0 P/dol | 27.0/32 31.1/35 Z/dol | 31.3/36 31.8/30
| | | | | | | | . Livesl | 00417 (73) 0.0404 (+12) | | |Vas| 0.0382 (15) 0.0382 (14) |
% 30 3B E(1 40 103] al) 0.01223(18) 0.01224(18) Phe 117(71) 1.16 (14)
New ( )Ivr.hl [ af | -0054(*3 Ri(1) | 1.391(*%)
- of 02 () Ra(1) | 0913 (*55)
2, 0.03F aft [-0.0100 (*51) ha,(1) | 0.906(13) 0.906 (13)
Z L al 0.12(10)
0.0: a} af 0.012 ()
E af 0.7 (1)
002 af L))
ovotsf— _ . )
B S st @ New LQCD at non-zero recoil imminent:
0.01 s untagged: syst .
; e e arXiv1901.00216
aggec: st (st
0005 tagged: syst
E Il L L L L L L L L
5 10 15 20 25 30 35 40

45 5
L[1/ab]

William Sutcli
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|Vp| from inclusive B — X /v decays

GEmy .\, 2 cs(p)Os(p) | co(p)Os(1r) 1
r= 19F2W’;|Vcb\ <1+ > + . +O(F))

my, my b
@ Operator Product Expansion Order Kinetic 1S
(OPE): O(1) mp, Mc mp
» O;: hadronic matrix elements O(l/mg) M72T' M%; A, Ao
(non-perturbative) (’)(l/mz) p?ba pis p1, T1-3

» ¢;: coefficients (perturbative)
@ Moments of E;, Mx can be expressed with same OPE formulation.

@ — Measure moments to constrain expansion parameters.

' [Vas| [1073] mE™ [GeV| m [GeV] g2 |GV ph [GeV3] i [GeV?|  phg [GeV|

valie | 42.19 1551 0.987 0.464 0.169 0.333 —0.153

error 0.78 0.018 0.015 0.076 0.043 0.053 0.096

[Vaol 1.000 —0.257 —0.078 0.354 0289 —0.080 —0.051

mn 1.000 0.769 0.054 0.007 0.360 0.087

mi 1.000 ~0.021 0.027 0.059 ~0.013

12 1.000 0.732 0.012 0.020

b 1000 0173 ~0.123

ocg . ' " . ‘ " ”f; 1.000 0.066
E., (GeV) E,, (GeV) PLs 1.000
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Inclusive |V,| at Belle

& g
ol
@ Analyses used 140 fb~! and older Eln | el
tagging = xO(10) statistics with EMU‘L_%? "
Belle dataset. T H T _
e PRD 75, 032001 (2007): SRS
» Fit of p; for B — X_.ev. in B rest E el
frame. B
» Unfolded E. and determined its £
moments and a B ] ‘ -
e PRD 75, 032005 (2007): L B
> Fit of M% for B — Xcly : o
» Calculated moments of this Frorew | s by
distribution. Tt i :
e Expect 1.2% uncertainty on inc. |V . ! I
PP S I B

from Belle Il with 5 ab~1

Mg (GeVich) Epy (GeV)
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Summary of |V,;| projection

Statistical Systematic Total Exp  Theory Total
(reducible, irreducible)

[Vas| exclusive (had. tagged)

711 fht 3.0 (2.3, 1.0) 3.8
5ab~! 1.1 (0.9, 1.0) 1.8
50 ab~! 04 (0.3, 1.0) 12
[Vs| exclusive (untagged)
605 fh=1 14 (2.1, 0.8) 2.7
5ab~! 1.0 (0.8, 0.8) 1.2
50 ab~? 0.3 (0.3, 0.8) 0.9
[Vas| inclusive
605 th=1 (old B tag) 45 (3.7, 1.6) 6.0
5ab~! 1.1 (1.3, 1.6) 2.3
50 ab~? 0.4 (0.4, 1.6) 1.7
[Vas| B — 7v (had. tagged)
711 fh? 18.0 (7.1,2.2) 25 19.6
5ab~! 6.5 (2.7,2.2) 1.5 75
50 ab~? 2.1 (0.8, 2.2) 1.0 3.2
[Vus] B — 71 (SL tagged) —
711 fh? 11.3 (10.4, 1.9) 15.4 25 15.6
5ab~! 4.2 (4.4,1.9) 6.1 1.5 6.3
50 ab~? 1.3 (2.3,1.9) 26 1.0 2.8
Observables Belle Belle 11
(2017) 5ab~! 50 ab~!
|Vep| incl. 42.2-107% - (1 £ 1.8%) 1.2% -
|Vep| excl. 39.0-1073 - (1 £ 3.0%ex. £ 1.4%m.) 1.8% 1.4%
|Vap| incl. 4471073+ (1 £ 6.0%ex. £ 2.5%m.)  3.4% 3.0%
|Vio| excl. (WA) 3.65-1073 - (1 £ 2.5%ex, £ 3.0%m.) 2.4% 1.2%
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The future of | V| and |V,

Exclusive B — D™y

Inclusive B — X lv

2016{ —— — 2016{ ——e—— —_——
2018 2018 ——— —_—
2023 2023 —— —
2027{ —e— ——— 2027 - —
40 42 44 3.5 4.0 ) 4.5
[Vip| x 10° [Via| x 10°
o7 T T T ] T
. 5 o, AmAmu&Am! . E Amjf& Am
4 3 3
os g o 3 P
s § t,‘.' feschacL > 05) é (e L >098) é
os M N 9, 3 0 3
" E % E
o ' = | E
[ (N | 9% L E
n o2 m oz 0 0 m ) oz m o m 1
P P

William Sutcliffe

Exclusive B — 7y

Inclusive B — X, lv
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Conclusion

@ Exclusive determination of | V| from B — /v decays will be most
precise (1-2%)

@ Exclusive and inclusive determinations of | V| will have a precision of
1—1.5%.

@ Precision tree level determinations of | V| and -y will allow a stringent
testing of any incompatibility with loop level CKM observables.

William Sutcliffe The Prospects for | V| and |V | at Belle |1 4 April 2019 19 / 33



B — D™y form factor parametrisations

dr GEm},

a = (ms + mp)*(w? —1)*/? /// d6,de, d
dw 5Dl 485;( Val w B0 dwde,de dy 71X
X w cb

w = (mg + mpe) — q°)/(2memps))
CLN [Nucl. Phys. B530, 153 (1998)]
G(z) =G(1)(1 — 8p°z + (51p° — 10)2°)—
(252p° — 84)2%))
z(w) =(Vw +1-v2)/(Vw +1+V2)

driGE'm3D* 20,2 _1)3/?
BGL [Phys. Rev. Lett, 74,4603 (1995)] dq ~ 4gps (me—mor) (wi—1)

NS NS X () ()| Vol
)= By 2 ¥ . 2
pars F(1), p°, Ri(1) and R»(1)
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| Vib| from leptonic decays

_ __ GEmgm? m?
B(B™ = I7m) = g2 ( —%) fi | V|75
T mg

@ [Bs are hierarchical with lepton mass
due to helicity suppresion.

o fz = 187.1MeV/(0.7%)

@ 3 o evidence for B — uv [see talk of

M. Prim]
0.40 Prospects for B—puv @ Belle Il 0.40
=0.35 0.35
. 3

@ Expect 3% uncertainty on |Vip| from B — v 7030 030_
a N
tagged and B — uv untagged. T 025 0255
E 0.20 0,20:n
5ab-! 50ab ! To1s 0.15%’

Had. tag 7.5 3.2 o0 0.10

SL. tag 6.3 2.8 <005 0.05

0.00 0.00

1 2 5 10 20 50

Luminosity in ab™!
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http://moriond.in2p3.fr/2019/EW/Program.html
http://moriond.in2p3.fr/2019/EW/Program.html

Global |V/,,| determination from B® — 7+/~; decays

@ Fit data and form factor, f+(q2) under a BCL parametrisation.

K—1
P 1 _kk 1— 2/t —/1—to/t
fi(q®b) = 7——7 o > b {zk*(*l)k K= 2N ,Z:\/ @/t~ V1 b/t
L= ¢ /me- i K V1= ti +/1—to/ts

X* = (AB—78AT(b, | Vis|)) " € H(AB—78 AT (b, |Vus|)) +(b— braco) " Cigen(b—bracn)

IS &[T T T T
3 3 10 11367 0.0 exp) 012 (heay 1 x 10 * Average Belle + BaBar |
(5] (6] S —4— LCSR (Bharucha)
© < L Fitprob.: a7 S BOLM (3 +1 parameter) |
e 2 of Data & LQCD (FLAG) & LCSR-{
¥ LA
£ 2 e
® w L
0 T [
£ ® 4
3 3 I
il HFLAV
=| r
okt | ! ! L J oC |
0 5 10 15 20 25 N 5 10 15 20 25
o [GeV] P [GeV?)

[Vius| = (3.70 £ 0.10(exp.) £ 0.12(th.)) x 107% ( data + LQCD) 4.2%
|Vib| = (3.67 +0.09(exp.) +0.12(th.)) x 1073 ( data + LQCD + LCSR) 4%
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Previous Belle B®— 7%/~ systematics

Source Error (Limit) [%]
Tagged [%] Untagged
Tracking efficiency 0.4 2.0
Pion identification - 1.3
Lepton identification 1.0 2.4
Kaon veto 0.9 -
Continuum description 1.0 1.8
Tag calibration and Ngg 4.5 (2.0) 2.0 (1.0)
X,lv cross-feed 0.9 0.5 (0.5)
XcLlv background - 0.2 (0.2)
Form factor shapes 1.1 1.0 (1.0)
Form factor background - 0.4 (0.4)
Total 5.0 4.5
(reducible, irreducible) (4.6, 2.0) (4.2, 1.6)
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| Vip| from Ap— pu~7, decays at LHCb

@ Fit the corrected mass for
g% >15 GeV?:

Meorr = \/ Pf_ + Mgll +pL

a r " T T
S tsoooL e Moo LHCD ]
Vil _ BAs— pu mi)gsrseevs o = [EGw ]
- “ nu ]
‘Vcb|2 B(Al:'_> ACM?VM)q2>7Gev2 ?10000 -_- N'ypVT/ _-
$ [ S puv 1
ko] L
o
o |V =(3.27 £ 0.23) x 1073 g 5000
Nat. Phys. volume 11, (2015) ©

000 4000 5000
Corrected pu mass[MeV/c?]
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Prospects for |V,;| from Ay, — pu~7, decays

Table 1| Summary of systematic uncertainties.

S Relati tainty (% B . .
ouree ;a ive uncertainty (%) B(Ac — pK) improves in line
o ith Belle Il dat

Trigger 3.2 wi elle ata

e 30 @ Account for increased

A7 selection efficiency 3.0 X . .

A9~ N*i~7, shapes 23 luminosity, collision energy and
4 Ui us trigger improvements.

Isolation 14 . . 5

Form factor 10 o A differential g measurement
A? kinemati 05

p Cnemares would reduce the theory

g* migration 0.4 i

PID 0.2 uncertainty.

Total S

—82

Albrecht et al. arXiv:1709.10308v5
LHCb 8fbl 22fb 1 50fb !

\Vuo/Ve|  34%  29%  2.1%
Vs 38% 33%  2.4%
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B®— 7tI~; prospects

@ Tagged and untagged analyses ; F ; i1 ‘

performed on Belle II MC. g4 g 1 ]

e Untagged use optimised BDT z “ é

selections for tracks and clusters : 2 b

in the Rest of the event. N

o Tagged uses the Belle 2 tagging weme e

algorithm (FEI) T e Cr

L ERrs E

Belle ¢ Belle Il ¢ 1 [ *

untagged 7.7-15% 20% oot E ]
tagged 0.3% 0.55% T T o 5

M, [GeV7re] @, 2, [Geviic?)
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BY— K*1 7, Prospects

@ Smaller theoretical uncertainty
than BY— 71/~

IVl ? dI'Vdg? [ps'GeV?]

@ LHCb measurement to come!

PEETETE AR V|
0 5 10 15 20 25
¢ [GeV?]

[0 J ST P RPRPI PR |

Belle MC Belle MC
TrrTTT T

e
=

Arbitrary scale
e
&

Arbitrary scale
N

o At Belle Il expect 60M Bﬁ*)éﬁ*)
pairs in lab™?

1.6
1.4
1.2]

0.8]
0.6|
0.4}

@ 5-10% precision on the decay
. . 1 . _
T i et SN e TR T rate with lab~!

AE [GeV] Mg [GeVic?)]
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Tagging performance

Different event topologies

Y

_ 2 2 ; . .
Mpe = EB — PB e—b/_/<—'e e —*
iy /4
B-mesons Continuum
% FEI ¥
4000 4001 ¢ FR ++*
¥
» 3000 » 300 + :
2 £ g !
5 2000 & 200 . *;
- o
10001 w fgl \ 100 o’ u
¢ FR J e e M B —— -

0+ 0 - - - .
5.24 5.25 5.26 5.27 5.28 5.24 5.25 5.26 5.27 5.28
Beam-Constrained Mass in GeV Beam-Constrained Mass in GeV

FR = Full Reconstruction
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Calibration of hadronic tagging

@ Use the FEI on Belle data to reconstruct several well known
semileptonic decays.

o ¢ = Npara/Numc

BY— D (D (K*a 7 )x®)tw —_—
side B - D~ (K*m n )t —
B D (K*n nn nt )ity p——
B = D~(K*n )ty —.—
. _ _. _-)2 :.2 =m0 . B~ = DYDY (K~ )y) (" —_
B~ = D(DO(K- 7)) ——
B~ — DK~ wta") - —-—
! _ B~ = DK~ w*atn )l s
Do Signal side B o DYK-)e-D e

v

€charged = 0.74 & 0.05 €neutral = 0.86 £ 0.07
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B~ — 77, status

@ Reconstruct Bi,g hadronically or
semileptonic.

@ 7 reconstructed in e” v, Vg,
W VU, T Vr, P U,

Belle (hadronic tag):
(072532 £ 0.11) - 10°*

o Fit sum of remaining energy in
the EM calorimeter (Egcy)

Belle (semileptonic tag)
(1.25+£0.28 £0.27) - 1074
BaBar (hadronic tag)
(1.834333 £ 0.24) - 10~
BaBar (semileptonic tag)
(L7£+08+£0.2)-10~*

Events /0.05 GeV
Events /1 (GeV%c?)

PDG 2016
(1.06 £0.2) - 10~

) : i 2 0 1 2 3 4 5
Egey (GeV) Mies (GeV7/c) B(B — 1v)/10°*
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Projecting |V,p| from B~ — 771,

Belle Hadronic @ Pseudo analysis performed on Belle 2 MC

Source B syst. error (%)

Signal PDF 1.2 —

Background PDF 8.8 J £ @b %) 1 5 50
Peaking background 3.8 stat. uncertainty (% 29.2 13.0 4.1

Biag efficiency

Particle identification
=¥ efficiency

Tracking efficiency

7 branching fraction
MC efficiency statistics

K7 efficiency

Had. tag syst. uncertainty §%§ 12.6 6.8 4.6
total uncertainty (%) 31.6 14.7 6.2
stat. uncertainty (%) 19.0 8.5 2.7
(%)
(

SL. tag syst. uncertainty 17.9 8.7 4.5
total uncertainty (%) 26.1 12.2 53

Belle Il MC, L =1 ab’

N+ 3 —seteinc § 1200F
Total £ F—setenc D 1000
[ E 200 E———
. . H E —sona
Belle Semileptonic g E a0 o
TABLE 1L List of systematic uncertainties. E 400)

Source Relative uncertainty (%) 3 200)
Continuum description 1 o .
Signal reconstruction efficiency 0.6 0102 03 04 05 06 07 08 09 01 02 03 04 05 06 07 08 08
Background branching fractions 3.1 Ecel (GeV) £ (GoV)
Efficiency calibrati 126 - -
T decay branching fractions 02 Vil B = 7w (had. tagged) o )
Histogram PDF shapes 85 711 fb 18.0 (7.1,22) 2.5 19.6
Best candidate selection 0.4 5ab~! 6.5 (27,22) 15 7.5
Charged track reconstruction 0.4 50 ab™! 2.1 (0.8, 2.2) 1.0 3.2
7° reconstruction 1.1 [Vaa] B — 7 (SL tagged)
Carticlo idonification . 711 b 13 (10.4. 1.9) 15.4 25 156

harged track veto g it - e ’ 2 >
Number of BB pairs L4 3ab™t 42 (44,1.9) 6.1 15 6.3
Total 912 50 ab 13 (23, 1.9) 26 1.0 2.8
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|Vip| from B~ — 1, decays

Experiment  Upper limit @ 90% C.L. Comment
Belle 27 x10°° Fully reconstructed hadronic tag, 711 fb~!
Belle 1.7 x 107 Untagged analysis, 253 fb™*
BaBar 1.0 x 107 Untagged analysis, 468 x 10° BB pairs
Belle 2.9 x 1077 Untagged analysis, 711 fb™!

g

@ Untagged using CoM p;,

Entries/(50 (MeV/c))
8
8

@ Tagged use pf = mg/2 = high resolution
but smaller statistics.

50 ab BStat.  BSyst.  [Vis|
Belle Il Untagged ~5% ~5% 3-4%

Belle Il tagged ~ 13% - -

Events / (0.025 GeV/c)
comosomaa
T
s v
=
A ]
A S—
4
el ]
I
| ]

I

22 23 24 25 26 27 28
p:’ (GeVic), B" — p* v,
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The Belle Il Experiment

Electron-Positron
linear accelerator

2layers DEPFET ¢
4layers DSSD

N\

central

drift chamber
SuperKEKB is the intensity frontier
105 40x higher instantaneous luminosity than KEKB.
peak luminosity ]
trends at e* e~ colliders N
104 See P. Urquijo's talk
KEKB
35— T T
o X10° 6 mo shutdown
~10% » for RF upgrade
' PEPII L) 50
; =l 5
€ 1033 —_— 4 years for the design lumi. 10 z
E DADNE o > 6 .
g ' -t [
i— —30
E 107 8 -
- I a 4 8mo shutdown assuming we 165
i SPEAR g replace PXD and TOP PMT -
103 Lepl = 2 conservative
Risef PETRA x bottom-up estimate -1
s —_—
1033 T T T T a I L I |
1970 1980 1990 2000 2010 2020 oMemes  1/1/2021 1/1/2023 1/1/2025 1Y1/20:
year 1/1/2019
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https://indico.cern.ch/event/760368/contributions/3316096/attachments/1822178/2981118/Durham_2019.pdf

