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» Polarization measurements in B — D*7rv by Belle H- Niewodniczanski Institute of Nuclear Physics

> Prospects for Belle/Belle Il for the Belle Collaboration
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Physics motivation

New Physics scenarios
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The Belle Experiment

KEKB Belle detector - multipurpose
large-solid-angle magnetic spectrometer
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(8 Gev)

KEKB B-factory - asymmetric et e~ collider
ete” — T(4S) — BB (772 x 10% BB)
> clean source of B meson pairs

> reconstruction of one B meson (By,) provides information on momentum vector
and other quantum numbers of another B (B;g)

> EB = Ebeam = g
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Experimental techniques

Tagging techniques
efficiency .
> Inclusive
A B — hadrons (inclusive modes)
e~ O(1%)
(A. Matyja: PRL 99, 191807, (2007).,
A. Bozek: PRD 82, 072005, (2010). )

> Semileptonic
B— D(*)ZV[
e~ 0(0.3%)
(Y. Sato: PRD 94, 072007, (2016). )
> Hadronic
A\ B — hadrons (exclusive modes)
purity e~ 0(0.1%)
(M. Huschle: PRD 92, 072014, (2015).,
S. Hirose: PRL 118, 211801, (2017).)
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http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.99.191807
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.82.072005
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.94.072007
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.072014
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.211801

Experimental situation

SM predictions

R(D*)SM _ B(B—=D*rtv.) _

B(B—D*¢tvy) —
. B(B+Br ) 0258£0.005
R(DW) = BE=DTT Vo) ROP™ = & s =
( ) B(B—D*)t+vy) 0.29940.003

¢ = e, pu : normalization

N F T eia, rLioo10t0020012) | R
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F LHCb, PRL120,171802(2018) R(D*) =0.258 £ 0.005 E
0.4 B Avee . Rp = 0.407 + 0.0394¢zt & 0.024 4y
E - o E Rp~ = 0.306 £ 0.013t5t £ 0.007 st
035 Qe o
F I l 20 _:
E I g "3 deviation from SM:
ozsE | % ~ 2.30 for R(D)
02F , , , A=~ 3.40 for R(D*)

02 03 04 05 rD) ~ 4o tension between SM and
combined R(D™)) by BaBar,
Belle and LHCb
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Kmematlc variables descnbmg B — D*rv

B — D*ro: Q= Mﬁv - effective mass squared of
D* — Dr the 7v system
T —> iy 2 0, - angle between 7&B in W* rest
. frame
B em(D ) T~ X - angle between the v and D*
1: CM}) decay planes

One1(D*) - angle between D& B in D*
rest frame

One1(7) - angle between 7& direction
opposite to W* in T rest frame

ar
Whel(ﬂ (1 +C¥P COSQhe/( ))
a=10fort - 7v; a=045for7 — pv

T deostaoy = 312FL 05 (ha(D*)) + (1 = F") sin?(6her(D¥))]

M3,, M2, and cos 6pei(7), cos Ohe(D*) can be reconstructed
at B-factories with hadronic decays of By,
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Measurement of 7 polarization in B decays b=
Phys. Rev. Lett. 118, 211801 (2017); Phys. Rev. D 97, 012004 (2018)

> both B% and B~ decays are used;
only 2 body 7 decays: m — wv, pv r T oostr 0
» sample divided into two bins of cosy: PT — 2 c0sbhe1 >0 c0Sfhe1<
I: —1 < oS < 0; « rcosehel>0+rcos(9hel<0
II: 0 < cosbpe < 0.8 (for 7 — 7v)

Experimental challenges

= 160
> Distribution of cos 84¢/(7) is modified by: € 140 . B—D*r¥, M C
istweiiiieatt M B | S
100 N
cos ‘gheI(T) < 0) w 80 Other background
> peaking background (concentrated

around cos Opei(7) = 1)
> corrections for detector effects: acceptance,

orone 7 docaye oSS AS Bt ‘ . \\\\\\\\ —

. . Q1 20.8-06-04-0.2 0 0.2 0.4 0.6 0.8
» for 7 — 7(p)v modes combinatorial

cosb,,
background from poorly known hadronic B
decays
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.211801
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.012004

Result on P,(D¥)

Phys. Rev. Lett. 118, 211801 (2017); Phys. Rev. D 97, 012004 (2018)

M signal B>bD'v, [ Fake D" and g7
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P.(D*) = —0.38 + 0.51(stat.)* %21 (syst.)

—0.16

R(D*) = 0.270 + 0.035(stat.) %928 (syst.)

—0.025

R(D*)

dominant systematics:
- hadronic B decays

oo (40.13 47.6%
composition (T {5, 6.8 )
- MC stat. for PDF shapes

> first measurement of P.(D*); the result excludes

P-(D*)> +0.5 at 90% C.L.

» combined R(D*) and P.(D*) result is consistent with the

SM within 0.6¢
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.211801
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.012004

D* polarization studies
R(D™) systematically above the SM expectations, surprisingly
large effect for R(D*) = D* polarization measurement

Measure FP” from fit to cos 6he(D*) distribution:

L e o = $12F cos?(6ha(D*)) + (1 = F") sin®(6her (D))

Y In comparison to 7 polarization:

+ all 7 decays are useful —
larger statistic

+ not affected by cross-feeds
T between different = decays

14 ' Theoretical papers ( D* polarization
1.2

1F E studies):
08} E
06 F FD -05 E » M. A. Ivanov, J. G. Koerner, C. T. Tran, Phys. Rev.
0.4} L — Y D 94, 094028 (2016)
0.2} SM 1 > AK. Alok, D. Kumar, S. Kumbahar, and S U.

01 6 1 Sankar, Phys. Rev. D 95, 115038 (2017)

) coseh I(D*) » Z.-R.Huang et al., arXiv:1808.03565 [hep-ph].
e
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.94.094028
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.94.094028
https://journals.aps.org/prd/cited-by/10.1103/PhysRevD.95.115038
https://journals.aps.org/prd/cited-by/10.1103/PhysRevD.95.115038
https://arxiv.org/abs/1808.03565

Challenges for D* polarization measurement

Main experimental problem:
strong acceptance effects for cos 61 (D*) > 0.0

efficiency distribution of slow 7+ from D*
80000 |-
cos Ope(D*) > 0.5
50000 |-
MC
40000 |
20000 |- -
COs 9/”:/(D*) < —=0.5
-1 -0.8-0.6-0.4-0.2 0 0.2 0.4 06 0.8 1 L L . . .
cos(eh,|(D*)) 8.12 0.14 0.16 0.18 0.2 0.22 0.24 0.26

pﬂ:sluw [Ge ]

Effectively only cos he(D*) < 0 is useful for FP* measurement
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D* polarization - analysis method

» Extract signal yield in bins of cos 6p/(7) in the range of
—1 < cosbpe(7) <0

» Extract F; from fit to cos O (D*) distribution

» Employ inclusive B;,, reconstruction method

» Select clean decay chains:
BY — D*~(— D7~ )rtu;
D° — K, Krn®, Knrem;

T — eVV; WV, mv
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Method of inclusive reconstruction of B,

1. Create candidates for Bgjy daughters: D* + (dr = h or £))

2. Reconstruct Bi,g inclusively form all remaining particles
Etag =321 Ei  Prag = 2_i P
consistency of By, candidates checked using Mg = +/EZ,.. — p?ag,
AEtag = Epeam — Etag

3. Suppres bkg using observables sensitive to multiple neutrion final states (e.g.
visible energy, missing mass, ...)

4. Extract number of signal events by fitting M;ag distribution

PRL 99, 191807

N/5 MeV/c?
&

8

8

52 5.22 5.‘24 51‘5 5.‘2& 53
M., [GeV/c']

This approach allows for signal extraction using known PDF’s (CrystalBall and
Argus) parametrizations;
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http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.99.191807

Signal extraction

>

>

the signal yields are extracted from a simultaneous, extended UML-fit to all 9
sub-channels in the My, distributions

procedure is performed in 3 bins of cos O (D*) in the range [-1,0];

1 —1.0 < cosbhe(D*) < —0.67

I1: —0.67 < cos Oy (D*) < —0.33

IIl: —0.33 < cos O (D*) < 0.0

example fit projection to Mk, distribution in the range

—1.0 < cos Ope(D*) < —0.67

g+

Events (0005
Everts (0005

CKM, September 19, 2019 September 18, 2018
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Result on FP" for B® — D*rv

taestoey = 4RFC cos?(Oha (D)) + (1 = FL)sin® (6her(D*))]

- . h
™M C Entries 3 .
o 1601 ‘ Mean -0.5902 Number of events in:
Z 0l ‘ Rus 02495 I bin: 15121
C X2/ n 1.954/2 F
E ‘ po 0.5961+ 0.0779 I b'n' 125+19
1201 ‘ Il bin: 55+15
100F- - signal yields corrected
gof for accaptance variations
6ol Dominant systematics:
E - MC statistics (AR shape
40 and peaking backgroud)
20F = +0.03
010505 07 06 050403020170
cos©, (D¥)

FP" = 0.60 & 0.08(stat.) + 0.035(syst.)
SM: FLD* = 0.46 + 0.03 (Phys. Rev. D 95, 115038 (2017), A.K. Alok, et al) (1.5 o)
SM: FLD* = 0.441 £ 0.006 (arXiv:1808.03565, Z-R. Huang, et al) (1.8 o)
= consistent with the SM within 2o
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Prospects @ Belle

e FP" also for B*
@ simultaneous measurement of R(D) and R(D*) with
semileptonic tag
> in the previous analysis only: B°B® — (D*~¢T)(D*¢™)
> add B decays modes: B°BY — (D~¢+)(D* (7))
B+B~ — (DM0¢+)(DC0¢-))

(%)) _ B(B—)D_(*)T+VT) o signal
R(D )_ B(B—D®)(+y,) — normalization <_ 4_..—>

analysis made in BASF2 (Belle Il software framework) using FEI v “Yve
(Full Event Interpretation - a new exclusive tagging algorithm for
multivariate analysis with BDT classifier) @i> @
V==
more details about FEI 0

in Moritz Gelb talk on "B to | nu gamma at Belle®
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Prospects @ Belle I

D

<o

Belle IT

The Belle Il Physics Book, arXiv:1808.10567

| 2
>

>

>

Belle: 0.772 x 10° BB;
Belle II: ~ 50 x 10° BB (x 50 Belle statistic) (50 ~'ab)

expected number of events for P.(D*) measurement:

> ~ 4000 in BO(@) mode (hadronic By, reconstrucion)
> ~ 10000 in B*(B~) mode (hadronic B, reconstrucion)

expected number of events for FP* measurement:

> ~ 15000 in B°(B%) mode (inclusive By, reconstrucion)

expected precision (the statistical and systematic errors respectively)

5 ab” ! 50 ab~!
Rp (£6.0£3.9)% (£2.0+£2.5)%
Rp- (£3.0+£25)% (£1.0£2.0)%
P.(D*) +0.18+0.08 =0.06 £0.04
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https://arxiv.org/abs/1808.10567

D

<o

Prospects @ Belle I Belle I
The Belle Il Physics Book, arXiv:1808.10567
> expected constraints on Rp vs. Rp+; Rp« Vvs. PP*
compared to existing experimental constraints from Belle

~ 05
[a} F | g T
£ E Belle I Projecton 1 o
— Bt Commaton v
0451 = E
e ]
F'  Wor Cominaton 1
0.4 - SM prediction: PADS2 054410 (2015), PRDBS 034025 (2012) |
0.35F T 3
03 Q . -
0.25F - E
14 contours. ]
0.2b 3

1 L L L L L L
025 0.3 035 04 045 05 055 06
R(D)

» higher statistics and better reconstrucion efficiencies
should allow for precise measurements of kinematic
distributions, e.g. g? and polarizations
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https://arxiv.org/abs/1808.10567

Summary

» R(D), R(D*), P.(D*)) and FP" in B — D™)rv are good
probes for NP
» Measurement of 7 polarization:

P,(D*) = —0.38 + 0.51(stat.) 04l (syst.)
» First measurement of D* polarization in BO(EO) — D*rv

FP" = 0.60 & 0.08(stat.) + 0.035(syst.)

> measurements sensivity limited by the statistics

» measurments of characteristics of semitauonic B decays
will be important topic @ Belle |l
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BACKUP
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D* polarization - NP scenarios

> SM: FLD* = 0.46 + 0.03 (Phys. Rev. D 95, 115038 (2017), A.K. Alok, et al)
SM: FLD* = 0.441 £ 0.006 (arXiv:1808.03565, Z-R. Huang, et al)

> FLD* can be significantly modified in the presence of NP contributions; in
particular FLD* is enhanced (decreased) by the scalar(tensor) operators

Phys. Rev. D 95, 115038

Cs, and Cy, present Only Cy present

e

‘H\\ (i3

04f
03f
02F
3 4 5 [ 7 8 v 10
FiGev?) FGeV?)
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.95.115038

D
Momentum spectra to examine NP scenarios -

Events/ (0.1 GeVic)

73Indl = 203119, p = 37.6 %
0

- SM

Events/ (0.1 GeV/c)

Phys. Rev. D 94, 072007 (2016); semileptonic B,

¥3indl =20.3/19, p = 37.9%
0

73indf = 351119, p=1.4 %

. 2HDM-lI

Events / (0.1 GeVic )

R2 - leptoquark

L
0.0 05 1.0
pp- [GeVic]

1.5

L
05 1.0 1.5 20
py- [GeV/c]

» Measured distributions of pp, and p, consistent with SM
but statistically limited

» More observables with more data needed to clarify the

situation

CKM, September 19, 2019
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Background callibration

Sources of peaking background:
D*tv, D** v

Phase space divided in four regions:

|
o] Xmis<0.5 Signal region
Mag>5.26GeV/ Kois > 0.5
2| background from Mg >5.26GeV
semileptonic (blinded)
B decays
% s
S
g | Il
= 2| Xmis<0.5 Xmis > 0.5
Mhag <5.26GeV Mg <5.26GeV
background from
hadronic B decays
Xnnis
Xmis = W (similar to M2))

beam B

Emis = Ebeam ED* - Eh

Simultanous fit to the following variables:
Miag, Xmis, AE, M2,, m energy, D* energy, Ry,
Mp«+ — Mpo

— find scale factors for bkg componentsCkM, September 19, 2019

control distributions for cos O (D*) in |, Il and
Il region for B — D*(D — Kn)r(— evv)v:

21-08-0.6040.2 0 0.2 0.4 06 0.8

-1-0.8-060402 0 02040608 1
cos6, (D) cos8, (D)

cos8,,,(D )

BKG COMPONENTS:

m D v

m D*tv

mm hadronic combinatorial B decays
g charm + uds
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Check backgroud model with final selection criteria

Example distributions for final selection criteria
(e.g. D*u sample in —0.67 < cos pe1(D*) < —0.33)

20 20
15
10 10

t

04 -02 0 02 %2 52255255275 53
AE g GeV] Myqq(GeV]

5

6 7 8 9 10
E,is|GeV]

m D v
m D" lv
m hadronic combinatorial B decays
m charm + uds
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Signal box opening - extraction of signal yield

(og0s)

s DnaKn;}an

signalMC_true d&#ijte= 25 |

signalMC_true $&He= 2 |

signalMC_true daHiie= "0 |

1810005

v

D;aK;no;'{a

?aKsr:ran

Spfnble= 58.4 + 8.8

Jfnb3e= 41371

#Enb3pi = 165 + 13
1T

nbimu = 276 +57
Fnbipi= 168 + 14
fnb2e = 583 +85
nb2mu = 357 £ 63
Fnb2pi = 199 + 15

nb3mu = 186 + 4.9

4 o
E
signalMC_true d&aipta=3 | signalMC_true $5R#R=7 | signalMC_true d&Hi=5%2 |
£ D’ ~Kmrt pjevv & D° Kt - kv éJJ_ D’ ~K3mj-e}v
Ns= 51321

s el

i

Lmax _
T =8,

signalMC_true d&Aipta=3 | signalMC_true ¢3R5~ % | signalMC_true d&fita=28 |
D _Kmtp pyv £ DU Kmrd;t - uy £ D' K3 |~ pHpv

mag (Gevie2

DATA: number of events in | bin: 151421
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