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SuperKEKB: the nano beam scheme

Beam current

Beam-beam parameter
o,
L=t 1422
2er, o

(‘+/
S R,
5

G: beam size \

DR for LER

and RF gun B function
KEKB SuperKEKB .
units
LER | HER | LER HER

Beam energy Eb 3.5 8 4 7.007 GeV

Beam crossing angle| ¢ 22 83 mrad
B function @ IP | Bx/By 1200/5.9 32/0.27 | 25/0.30 | mm X20

Beam current b | 164 | 1.19 3.6 2.6 A X2

Luminosity L 2.1 x 10% 8 x 103 cm2s X 40
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SuperKEKB: the nano beam scheme
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SuperKEKB: the nano beam scheme
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Luminosity L 2.1 x 10%4 8 x 10%° cm2s! X 40
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SuperKEKB: commisioning

2016

2017

1[2[3]a[s]|6[7]8]9]10[11]12

1[2]3[a[s][6[7]8]9]10[11]12

phase 1

® Phase 1 : Beam operation
focus magnets and Belle Il

Belle Il roll in

without final

® Commissioning of beam

transportation and vacuum

scrubbing

® Only single beam studies

® Phase 2( ended on July 2018) :

® No final vertex detector but one
ladder/layer with background

sensors

® Achieved Luminosity
5.5 x 1083cm—2s~1

® recorded integrated |
500pb—"

x
o)
=)

Peak Luminosity [cm~2s-1f

of

uminosity of

® Phase 3: 2019 - detector with silicon
vertex detector, ~ 8 months of operation
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Belle Il first event(s)

most likely ete~ — T(4s) — BB

D

Belle IT

Super
KeEKB
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Belle Il first event(s)

o rrrJyrrrryrrrryrrrryrrrryrrrryrrrryrrorryroTroT
N5 | RAARRAREN REERE RAREEERESY e

s S >DIKK3TK K OKon

(] D(K 1)

= 850" (K=, Kan, Kan'jr

120 8%>D (K, K3n, Knn')x

~ 8%>D (K=, Kan)y"
.ﬁ!’? B:»>D‘1K.x.¢“
£100 8%5D" (Kax)p
0 B%>Jiple'e, u'u) K

[e3]
o

Belle Il 2018 (preliminary)

f L dt = 472 pb!

)]
o

[T rr [t r [ rrr[rrr [ rrr[rrr]

40

20

lllllllllllllllllllllllll

g.2 521 522 523 524 525 526 527 5.28 529
Andrzej Bozek IFJ PAN, Krakéw The Workshop on High-energy implications of fIava‘Jﬁg}éécO‘:tober 24 5/18



Entries
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Belle Il first event(s)
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B decays with missing energy

Tagging techniques

efficiency e |nclusive

A B — hadrons (inclusive modes)
e~ O(1%)

(A. Matyja: PRL 99, 191807, (2007).,

A. Bozek: PRD 82, 072005, (2010). )

® Semileptonic
B — D(*)fl/g
e~ 0(0.3%)
(Y. Sato: PRD 94, 072007, (2016). )
® Hadronic
\ 4 B — hadrons (exclusive modes)
e~ 0(0.1%)

purity (M. Huschle: PRD 92, 072014, (2015).,
S. Hirose: PRL 118, 211801, (2017).)
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B decays with missing energy

Tagging techniques First measurement:

a
-3
T

™
S
T T T

efficiency e Inclusive

A B — hadrons (inclusive modes)
e~ O(1%)

(A. Matyja: PRL 99, 191807, (2007).,

A. Bozek: PRD 82, 072005, (2010). )

* Semileptonic = ]L

N/5 MeV/c?

B — D(*)KV[ E T
e~ 0(0.3%) 102 = T1T1+1 ek

(Y. Sato: PRD 94, 072007, (2016). )

* Hadronic T

L PRI ST
H 52 5.22 5.24 5.26 5.28 53
\ 4 B — hadrons (exclusive modes) M., [GeV/c’]

) e~ 0(0.1%)
purity (M. Huschle: PRD 92, 072014, (2015).,
S. Hirose: PRL 118, 211801, (2017).)

A. Matyja: PRL 99, 191807, (2007).
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B decays with missing energy

Tagging techniques Semileptonic tagging:

efficiency e |nclusive
A B — hadrons (inclusive modes)
e~ O(1%)
(A. Matyja: PRL 99, 191807, (2007).,
A. Bozek: PRD 82, 072005, (2010). )
® Semileptonic
B — D(*)fl/g
e~ 0(0.3%)
(Y. Sato: PRD 94, 072007, (2016). )

Events / ( 0.05 GeV )

0
00 02 04 06 08 1.0

Eco [GeV]
. ECL
® Hadronic
4 B — hadrons (exclusive modes)
e~ 0(0.1%) .. A .
purity (M. Huschle: PRD 92, 072014, (2015). EgcL remaining energy in the calorimeter

S. Hirose: PRL 118, 211801, (2017).) Y. Sato: PRD 94, 072007, (2016).
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B decays with missing energy

Tagging techniques
Rest Of the Event (ROI)

efficiency e |nclusive
A B — hadrons (inclusive modes) hadronic 5" tag
e~ O(1%)

(A. Matyja: PRL 99, 191807, (2007).,

A. Bozek: PRD 82, 072005, (2010). )
® Semileptonic

B — D(*)fl/g

e~ 0(0.3%)

(Y. Sato: PRD 94, 072007, (2016). )
® Hadronic e e
\ 4 B — hadrons (exclusive modes) mp, [Gev/c?)

e~ 0(0.1%)

purity (M. Huschle: PRD 92, 072014, (2015).,
S. Hirose: PRL 118, 211801, (2017).)
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B — D™ 7ty current situation

R(D(*)) T B(B—D&) )

¢ = e, pu : normalization

_ B(B=DWrty,)

SM predictions

«\SM __ B(B—=D*rtv,) _
R(D*)>™ = B(B—D*ttvy) —
0.258 & 0.005 .
SM _ B(B=Dtvr)
R(D)*™ = B(B—Dttvy) —
0.299 + 0.003

- T T T T
* F BaBar, PRL109,101802(2012) =
Q 05 F Belle, PRD92,072014(2015) A = 1.0 contours ]
o - LHCb, PRL115,111803(2015) 7
0.45F Belle, PRD4,072007(2016) === Averageof SM E
e Belle, PRL118,211801(2017) R(D) = 0.209 + 0.003 E
o LHCb, PRL120,171802(2018) R(D*) =0.258 £ 0.005 ]
0.4 D Average =
035 ~ 4o 3
03:_ % I l 20 _:
0.25F l l  meE—
02F | | | | P(XE) = 74%|!—:

0.2 0.3 0.4 0.5
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0.6
R(D)
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HFLAV

Rp = 0.407 + 0.0391z + 0.024 /5
Rp+ = 0.306 & 0.0134a & 0.007,¢

deviation from SM:
~ 2.30 for R(D)

~ 3.00 for R(D*)
~ 3.70 tension between SM and combined
R(D()) experimental results
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R(D%)

B — D) r*y_Belle Il projection
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Belle Il will improve the statistical uncertainty
on R(D) and R(D*)
with ~ 5ab~" accumulate data we can
achieve

® ~ 6% uncertainty on R(D)

® ~ 3% uncertainty on R(D*)
the excess can be confirmed with early data
The ultimate precision (with 50ab~") of 3%
and 2% will be limited by systematic

The major contribution to systematic is the uncertainty on D** component.

In Belle I1:

is possible.

B2TIP Balle || Theory Interface Platform report

Andrzej Bozek IFJ PAN, Krakéw

* we will study in details B — D(**) X decays,
e especially B — D**) ¢+, decays,
® asimultaneous determination of R(D), R(D*) and may be R(D**) components
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Kinematic variables describing B — D" 7w,

\ B — D7, g% = M, - effective mass squared of
\ D* — Drm the Tv system
. T — TVr 0 - angle between 7&B in W* rest
e frame
8a(D) x - angle between the 7v and D*
T Nl decay planes
—~—

rest frame

opposite to W* in 7 rest frame

#ﬂm = 3(1+ aP; cos Ope (1))

a=10forr - nv; a=045frr — pv

T Fesoor) = 3[2FL cos?(6ha(D")) + (1 = FL7) sin? (6het (D*))]

g2,cos b (7) and cos6pn(D*) can be reconstructed at B-factories with
hadronic decays of Biag
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One1(D*) - angle between D& B in D*

One1(7) - angle between 7& direction
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distribution : q°

Rz differential

10 " e .
- :\ - e 0.6]
Q s a 0o . 05
04 (=7 an
al at g2 04
0 s Vector 03
’ *& 02
0.6 AR 0.1
05 / SM | i i
0.0 02 04 0.6 08 00 0.1 0.2 0. 4 0s 0.0 0.1 02 0.3 04 0s
R(D) R(D") R(D™)

M.Tanaka,R.Watanabe - arXiv:1212.1878v1
Differential distribution can be measured to constrain NP contributions

Detailed measurement of g2 and other kinematic distributions including polarization of

the 7 and D*
21200,
w [
1000¢ Belle Il MC are generated in the SM
800} hypothesis
600§ Block histograms is a 2HDM-type Il
aoof! : benchmark
F 50 ab-1 projection of the
?00 subtracted q* spectrum
inB+D*tv(HT)
6 7 8 9 10 11 12
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B — D*rv, differential distribution : 7 polarisation
Pioneered by Belle Phys. Rev. Lett. 118, 211801 (2017); Phys. Rev. D 97, 012004
(2018)

Measured from the two body semileptonic = (— wv, — pv ) decays -experimentally
challenging

M signal B>0'm, [l Fake 0"and g3

rcrosstoea M P35 5 -+ oaia

8§ 3 38 8

Events / (0.05 GeV)

N
3

0
0 02 04 06 08 1 12 14
E. (GeV)

Belle Il perspectives :

5abT 50 ab~T
P-(D*) +£0.18+£0.08 +0.06 + 0.04

d2 025 03 0.35 014
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.012004
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B — D*rv, differential distribution : D* polarisation

t Femopm) = 3[2FL cos®(6ha(D*)) + (1 = F) sin® (6her (D*))]
All 7 decays are usable.

Belle result presented on CKM2018:

o
8_ 160}
% 140 FP" = 0.60 + 0.08(stat.) + 0.035(syst.)
E 20 SM: FP”" = 0.46 + 0.03 (Phys. Rev. D 95,
W 100f 115038 (2017), AK. Alok, et al) (1.50)
o f SM: FP" = 0.441 £ 0.006 (arXiv:1808.03565,
805_ Z-R.Huang, etal) (1.8 o)
60r- = consistent with the SM within 2¢
40;_ — Fitwith F,”=0.6
201 SM (arxiv:1808.03565 [hep-ph])
088 DY 080504 5 B0
cos@, (D%)

Expected number of events for FLD* in full data set is ~ 15000.
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Testing lepton flavor universality in b — u semileptonic
decays

R(?T) _ B(B—nrtur)

B(B—nltvr)

> " ' —Data

Q M Signal
Y WB° S X,
S 35 + £ fixed BG
2 3o E
$ 258 3
w E

Feasibility already demonstrated with Belle.

No statistically significant signal was
observed B(B — n7tv;) < 2.5 x 10~*

Phys. Rev. Lett. 118,211801 (2017)
Central value:

B(B— nrtvr) =
(1.524+0.72+0.13) x 10—
Belle Il extrapolation of uncertainty

R520™" 1+ 0.23 or %02~ 1+ 0.09

Andrzej Bozek IFJ PAN, Krakéw The Workshop on High-energy implications of flavor anomalies October 24

13/18



Testing lepton flavor universality with leptonic B
decays

Very clean theoretically, hard
experimentally SM is helicity suppressed
Sensitive to NP contribution (charged

Higgs)

e

_I(B—=pwv)

" T(B—1v)
«_T(B—ev)
"T(B->1)

g TB=1)
(B — 7wilv)

Mode

SM BR

Current meas.

Belle Il
5ab-1

Belle Il
50 ab-1

G%mg

2
B(B — ) = mi(1 — 2221V, 27
mp

™

104

20% uncertainty

15%

6%

uv

10

40% uncertainty*

20%

7%

ev

101

Beyond reach

{

Belle Il Full simulation with expected
background conditions (hadronic tags only)
S.L. tag expected to have similar sensitivity

* arxiv:1712.04123 2.40 excess [2.9,10.7]x107 at 90% C.L. | Extrapolation of Belle Analysis

Andrzej Bozek IFJ PAN, Krakow
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B — Kvv decays

Current limits

®  BaBar hadronic = SM prediction

®  Belle hadronic A Belle semileptonic
Suppressed in the SM : BRs 10 — 106 may be A Babar semileptonic 53TP
enhanced by NP ° !
L]
= S0t $ 0 . .
= . A . N
h 5 f . . A .
x P A A
. A A
b £10° -
W 2

Constraints on new physics 0 o R B ow K0 w00 70 Pov P
o contributions to Wilson B decay channel
o4 / \ coefficients C;, Cy
/ [~ 90% CL excluded g ables Belle 115 ab-! Belle 11 50 ab~

» by Belle and Babar Bi(B* = K+vi) 30% 1%
Br(B? — K*%vi) 26% 9.6%

oo Br(B* — K*tvir) 25% 9.3%

. 68% CL allowed

Lyblos” " T=4= b Belle IT at 50 ab-l
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Summary

® Belle Il started to run on collision this year,

® from next year we are going to collect data meaningful for B physics,

® B decays with missing energy are one of the focus of Belle II,

® in 2020 we should surpass current luminosity accumulated by B-factories
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Challenges for D*polarisationmeasurement

Main experimental problem:
strong acceptance effects for cos the(D*) > 0.0

efficiency distribution of slow 7* from D*
80000
cos O (D) > 0.5
60000 [
mC
40000
20000
cos Oy (D*) < —
-1 -0.8-0.6-0.4-0.2 0 0.2 0.4 0.6 0.8 8 -‘\“‘\

€0S(Ohel(D*)) 12 0.14 0.16 0.18 02 g2 9 4\?]

Effectively only cos 0| (D*) < 0 is useful for FLD* measurement
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Measurement of 7 polarization in B decays

> both B° and B~ decays are used;
only 2 body  decays: 7 — 7w, pv

» sample divided into two bins of costy: PT = F r
I: =1 < €OSbhet < O; @ T costye >0 cost <0
11: 0 < coSbhe < 0.8 (for 7 — 7v)

2 rcosohcl >0~ rcos()hcl <0

Experimental challenges

D

» corrections for detector effects: acceptance,

40
z;{;;ftig gg;(j';el bins, crosstalks between 22 :\\\\\\\\\\\\‘\\

. . 6-04-02 0 020
» for 7 — m(p)r modes combinatorial
background from poorly known hadronic B
decavs

.
%

< 160
» Distribution of cos 04¢/() is modified by: € 1ot |[ls-o MC Z
> cross-feeds from other  decays £ 120F |50, %
(contribute mainly in the region of E 100 S %
cos Hhe/("') < 0) % Other background %
» peaking background (concentrated %
around cos Ope/(T) &~ 1) 60] é
.
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