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* Electron-Positron (e*e™) collider
e~ (7 GeV) > « (4 GeV) e?
* Ecp at Y(4S) resonance (10.58 GeV)
 B-factory Y(4S) — BB (at least 96% )
Belle Il Online luminosity Exp: 7-26 - All runs
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The following Belle 11 measurements are done at 189 fb Tt didstssdtditdd
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HER e~
7 GeV

20mm diameter

\
[Beryllium beam pipe

Vertex detector (PXD & SVD)

2 layer silicon pixels + 4 layer silicon
strip detectors

S

Central Drift Chamber (CDC)

He(50%): C,Hg(50%), small cells, long lever
arms, fast electronics

The Belle II detector
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K-Long and muon detector (KLM)
Resistive plate chambers (outer barrel),
Scintillator strips (end-cap + inner 2 barrel layers)

EM Calorimeter (ECL) J

Cs(I), waveform sampling

—

T

—

LER e?
4 GeV

-
Particle identification (TOP & ARICH)

Time of propagation counter (barrel)

\Proximity focusing Aerogel RICH (forward)

41 coverage
More on this on talk by Doris Kim
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Lepton Identification
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Particle identification (PID) — identify
“long-lived” particles passing through the

. . . g 10° F Belle Il [Ldt= 190 fb~! + Jly-eter 9 10° F Belle Il [Ldt= 190 fb~! + Jly-ete”
detector by interacting with matter g : ete seterete” g : ete setereter
o 102 E_ECL Barrel ete-sete(y) o 102 E_ECL Barrel ete- sete(y)
9 [ (0.56 <6< 223 rad) 4+ KO- mtn - mmis-ID @ [ (0.56 <6< 2.23 rad) + K¢-mtn -mmisID
+E 10* 3 ete” - t=(1p)T¥(3p) - m mis-ID +E 10* 3 ete™ - t*(1p)T*(3p) - m mis-ID
. F *+ 5 DYK-mH)t - el F *+ 5 DOK-H)TT - e
One of the most crucial part of Y 100 b p ok -KmisD Y 00f D7 o DK -KmisD
.. e . + F + F
determining the sensitivity of a Swof electron ID S0 electron ID
measurement S o2f . $ 102 -
< : < :
T 103 ] — @ 10-3}
o : o : —
Lepton identification algorithm works 104k % 1074 |
based on likelihood ratio or BDT 1 2 3 4 5 1 2 3 4 s
p [GeV/c] p [GeV/c]
L 102 ¢ 102 ¢
IDH = l;{ p 2  Belle Il [Ldt= 190 fb! + Jw-utu g  Belle Il [Ldt= 190 fb! + Jwoutu
e ur K,p, = i + efem-etetutyus = i + efeT-etetutu”
Zl u p Ll 9, . | KLM Barrel 4+ ete-outuy 9, . | KLM Barrel + eteroututy
) ?(082 =60 < 2.22rad) -+- Kg_)r["'r[_ - 1T mis-ID L) ?(082 =6 < 2.22rad) -+- Kg_)r["'r[_ - 1T mis-ID
+E i ete™ - t*(1p)T*(3p) - m mis-ID +E i ete™ - *(1p)Tt¥(3p) - T mis-ID
. . . | D** - DYK-n*)nm* - K mis-ID | D** - DYK-n*)m* - K mis-ID
New BDT-based lepton identification oo TR Pl TR
superior across the momentum spectrum, = e =
especially < 0.6 GeV/c 2 muon ID I muon ID
2101} g 107
i —— T S
o — o
Data/MC correction factors have L1072k L1072k
associated systematics for the efficiency at 1 2 3 4 5 1 2 3 4 5
p [GeV/c] p [GeV/c]

the 0.5-1.5% level

Likelihood Ratio
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First R(D™) Measurement from Belle 11
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* Flavour anomalies have been observed due to deviations from the Standard model in processes involving leptons
* New physics could introduce additional interactions with each lepton, affecting the predicted rate of b — ¢ decays

*  New interactions involving the b — ¢ quark transition can probed in R(D™) or R(X; /2)

Br(B — D(*)TV) Br(B - X1v)

R D(*) = <« > € e R X‘L' ?) —
(0) =5 35 D0m) telen (Xese) = 5o = xev)
;6-\ 0.4 _I LI I LELELEL I LI I LI I LI I LI I LELLELI I mrrri I T I_ T T T T T T T T T T T T T T
e d HFLAV Ay? =10 contours
~ N :
035 —
[ Bellell ]
E = = Incl. SM Pred.
03 —
u Belle® - H+ LEP b — X7v
B LHCb \ i HiH D + D* HFLAV Av.
025 — — i —
: World Average :
02— $HFLAV SM Prediction R(D) =0.357 = 0.029,,, —
B R(D) = 0.298 = 0.004 R(D*) =0284 0012, ]
~ R(D*) = 0.254 = 0.005 p=-037 -
B P = 33% 4
L I L L L I L L L I L L L I L L L I L L L L I L L L L I L L L L I L L ) ) 0 | ) | ) . ) .

02 025 03 0.35 04 045 05 0.55 ' ‘ I ' '
R(D) 2.0 2.2 24 2.6 2.8 3.0 3.2 3.4 3.6

B[B — X, mv] (%)

Tension with Standard model of > 30

Consistent with Standard Model expectation
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Hadronic B-tagging
(Full Event Interpretation)

Comp. and Soft. for Big Sci. 3, 6 (2019) ) ~ * Tag one B-meson from
/ ide ¢ \
Vp

Signal s hadronic decays and analyse

/ Hadronic tag \ @/ v remaining B (signal side)

-

/ _ * Reconstruction of
\ _-=r T k- = B% -» D*t™ v,
O B () & S B e ry eeten)

* Leptonic T decays

\ .
\ / e” @ ~— & * Three D* decay channels:
\ Tlslow / = D*+ N D0T[+

Efficiency 4 +.0
B°:0.27%, B*: 0.35% >b - Dbm
Belle IT arXiv:2008.06096 Exclusive signal B modes =D - D'n

Reconstruct the signal-side B meson

Precise knowledge of By,4 kinematics, strong kinematic /
through specific decay channels

reconstruction constraints for sig. side with 3 v's


https://arxiv.org/abs/2008.06096
https://link.springer.com/article/10.1007%2Fs41781-019-0021-8

R(D™) extraction
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* 2D extended binned maximum likelihood fit to missing mass squared (M2,;.,) and extra ECL energy (Egxira

o7 —m—m—mmm———m——m—m—m—mpm—+——r—r—7T—r—T7T ML I T AL B LA B B UL B

- - 04F £
n i i 7 - — ] .. . - Belle /] Slmulatlon

06 L I\Blli:lﬁ:nl Simulation 71 B — D*¢v, E M2 ;. distribution 035 E MCiari /)B =DV, E
o5 | HedrenerH B — D¥v, 1 ¢ B - D*#v events peak ~0 due to a single v 03 _/ HBREON S B — D¥, _
i i ' - . B BG with true D*
§ 04k g BG with true D 1 ¢ B - D*1v events larger M7 due to multiplev  §0.25 é E Wit e E
s | | BG with fake D* | from B, T S 0.0 % | BG with fake D* 1
5 03[ - ) — o) % 0 :
z E 1 ¢ Multiple v causes broad peak B —» D*tv §0.15 D¥*—D"m* =
0.2 F . . / 3

i ] E$ET? distribution ' 7 ]

0.1F ” k 0.05 / E

: o // ,//2 7 ,7,,;';,, 1+ Background candidates have larger Eg¢;@ due to 0 / / /,, = — ]
0_2 0 4 " 10 missing particles additional clusters 0 02040608 1 1214 1618 2

mlss [(GeV/C2) ] Eg)é:_a [GeV]

ESXtTa: Sum of cluster energy not used in reco.

2 2
Mmlss = (pe+e‘ - thag — Pp* — pf)

MZ A

miss
* Simultaneous fit the three D* decays channels:

= D*t - DOt

= D*t > D9 ’ ,
= D*0 - pOx0
ND*TV

. _ - €D N x: no. of y events extracted from fit
* R(D") extracted from fit using R(D") (Npew/2) €D &+ reconstruction efficiency for y events
8 Eextra

» —~ECL
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Sample composition evaluation
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B — D*£~V, and major background contributions from B —» D**f~V, and fake D* in three side-band regions are evaluated.

Candiaates

Full

q? [GeV?/¢?] side band for B > D*{~V,

« q*=(p;+p,)*<35GeV
* Below m, threshold

—-_—
—e— Data

B D*rv

[ D*lv

B D**l(T)v

[] Hadronic B

[ Fake D

[ ] Other BG
MC stat. error

CILIN IR BRI S L R
Belle Il Preliminary
L dt=189.3 fo’

UL [RLETLA UL LU LU U U
v by by by b b

i ® | o . O
= T T T T T T T T T =
E_..I...I..‘I..‘I.HI.‘.I.‘.I...I.‘.I‘.._E
0 02 04 06 08 1 12 14 16 18 2

EZ® [GeV]

Candidates

Pull

30

25

20

15

B - D** £V, enhanced side band

An additional 7° is required to BB
B — D**£~v, have unknown rates and
can mimic B —» D*1t7v;

2 2)2

1.0 < M2, < 5.0 (GeV/c?)

PRI WL L EE AN LN L LN NE TR NLEE L N ]
— Belle Il Preliminary —e— Data -
) Ldt=189.3 b Bl D+ v ]
n [ D*lv -]
B I D**i(z)v ]
3 [] Hadronic B B
g [ Fake D ]
- [ ] Other BG -
B MC stat. error ]
:_' T T T T | T T T L =
E_. . L] v * ¢ b ) * : L] : . ° b : L] * .—E
E_. PR IRV [T S NS NS TN ST ST ST (TSN S SN TN S NS S MUY ._E
0O 02 04 06 08 1 12 14 16 18 2

EZ? [GeV]

Candidates

Pull

AMp: = (Mp: — Mp) side bands for fake D*

Constrain the fake D* yields in the signal
regions with calibration factors at the AM p+
side bands.

L AL B B B S |

MC stat. error

D*t - D0

ET & & | & & T ! ]
200 = Belle Il Preliminary s Data E
180 = | Ldt=189.3 fb" Bl Dy e
160 | [ D*lv 3
140 E_ - D**l(t)v _f
120 £ [ Hadronic B E
6 g [ Fake D i
s [_] Other BG ]

80 |- -

0

4 = . T T T T T i =
oF .
0 é’ o« ® v . ot o o . ® L e ° -, 'i

2f 3

_4 :_ L | L L L | . L L | L L L | h L L | . =
-2 0 2 4 6 8 10

Mrzniss [(GeV/c2¥]
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R(D™) post-fit results

1.5 < M2 < 6.0 (GeV/c?)?
i - TR | B -
100 | Belle Il Preliminary —— Data _‘ 25 [ Bele Il Prelminary s e . 2015, ha
[ [ Lat=189.31" B Doy ] - [La=1e03 " Eﬁ*,’j ] (I)3 %191§ 2(())10538ha((1) 015 ¢
80 - D**—>Dz* & b *i" 20 | B D*i(v)v . Belle 2017, (hadronic tau) :
. L — g — AT 0.270 + 0.035 = 0.027 ——
g ool [ Fake D S 15) 5“‘“ - 0585 20015 = 0914 | ——
- ! [] Other BG 2 Other BG ] 283 x0.018 £ 0.
S wf Fit uncertainty ] S 10 } fhumosrialoty - 3 B %s < 0024 E ¥
[ : LHCb 2023, (hadronic t : :
o0 5 E 0.257 +0012(+51 fonic tau) —s—
: : BHHmBhdt :
: . -SE 0,367 = 0,040’ 0.031° —
0 l——————=—————s =t 0 ’ A i i
4_ T T T T T ,_; 4;_"'l"'I"'I"'I"'I"'l'"I"'I"'I"'_; Ogseia‘*g()lz E I+l
= 2F P e - = 2F S 3 HFLAV SM Average : '
T oopT o cee e g Ofwets s . ——— 0.254 +0.005 B
R BV I Ry S oo e 08 TP T4 Ts T8 2
M2 . [(GeV/c?] EZ? [GeV]
Summer 2023
e First R(D™) result from Belle II o | A
0.2 0.3
+0. 041( +0.028( ) %
R(D*) = 0.267 5039(stat.) T5 053 (syst. R(O¥)
* 40% improvement in statistical precision over Belle result at the same sample size :
This measurement
* Systematic uncertainties dominated by PDF uncertainties and simulated sample size
[ ]

Result consistent with both SM prediction and HFLAV average
10
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Light-lepton Universality test in

angular asymmetries
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« Beyond the Standard Model effects in R(D™) could affect angular asymmetries in

B — D*#~¥ [Phys. Rev. D 106, 096015 (2022)] PR b A
* This effect could induce a violation of the light-lepton (e, u) flavour universality D* zero-recoil Dl: maximum-recoil
* Five angular asymmetries of e, u in B — D*£~V are tested via the difference in | s
angular observables: 1.0 1.5 w
AA, (W) = AS(w) - c/lit (w) Recoil parameter (w)
Angular Observable
2 2 2
mg + mp« — (pp — Pp*)
w) = dx =
Ax(W) = dw U f ] dwdx v 2Mmpgmps
= Commonly analysed
Aps(W) d(cos8,) | e/
_ | Highly sensitive to lepton
S3(w) d(cos 2) flavour universality
Ss(w) d(cos y cos 6y) |
S7(w) d(sin y cos 6y) Reduced sensitivity, used
So(w) d(sin 2y) as control

Helicity Angles (8,, 8y, X)

12


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.096015
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Signal side

* Tag one B-meson from hadronic decays — same as R(D™)
* Analyse remaining B-meson(signal side)

 Reconstruction of

+ = B - (D**> Dz v
Tlslow

| BelleTl Preliminary [£dt =189 * Require momentum of lepton above 0.4 GeV

¢ Exp Data L. . .

Sl * No tracks remaining apart from the ones used in reconstruction

800 ackgroun

Als: Winal « Constrain mass of D** to be as close as possible to PDG value for each event

FB

600

400

Events per bin

200

1.0 -0.250250.75 1.25  -10 -0.250.25 0.75 125 2.0
Mliiss [Gevz]
cosf, € [-1,0) cosb, € [0,1] 13
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The first universality test using a full set of angular observables as function of recoil w dr\"1[ 1 0 d?T
1D binned maximum-likelihood fit to missing mass squared (MTZ,H-SS) Ax(w) = (E) jo B f_ . dx dwdx
To maximise sensitivity to SM extensions, w separated into Wyoy, Whigh, Winc , 2
Mpiss = (pe"'e‘ ~ PBtag — PD* — p{’)
D* ‘g ———————
{<—0-—->v P oEE D* App:dx = d(cos 8))
D* zero-recoil Wiow Whigh D* maximume-recoil
| | | N
| 2 — —
| Wincl | w X /Ndof - 20/3 (p - 057) on AFBtSS'SS - Winc
1.0 " 1.275 1.5

X% /Ngog = 10.2/6 (p = 0.13) on Agp, S3, S5 - Whigh,iow

Compare asymmetries between e, i using A, (W) = AE(W) - Ak (w)

Belle II [Ldt =189 fh~!
Aen Winel. — 555 ——% Winel. —_—— ] 1 Whigh .
w] This
g Or—— —4— —— . w | measurement
3 incl.
—_— — —_— SM  Phys. Rev. D 106. 096015
S5 777, Belle (arXiv:2301.07529)
—_— —_— —_— N\ Belle IT (arxiv:2301.04716)

S [ 1 Bobeth, et al.
So No evidence of lepton flavour

T T T T L DL L L B AL L L L L L L L L L uanersallty

—-0.2 —-0.1 0.0 0.1 0.2 —-0.2 —-0.1 0.0 0.1 0.2 -0.2 -0.1 0.0 0.1 0.2

Ae — gM AP — A/S‘M AA = A*F — A°

14


https://arxiv.org/abs/2301.07529
https://arxiv.org/abs/2301.04716
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Light-lepton Universality test in R(X,/,)
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As a first step towards measuring R(XT /1{7), we measure R(X e /H)

Beyond the Standard Model effects in R(X;/,) could affect the light lepton ratio in R (X e/ u)
Br(B - Xev)
R(X =
(Xe/u) Br(B - Xuv)

X 1s the hadronic final state of semileptonic decay from b — cfv, rarely b - ufv

Various leptoquark models have been presented to explain anomalies in b = cfv

Vr

W Tt

b C
B X = Incl. SM Pred.
q q H=+ LEP b — X7v

i+ D 4+ D* HFLAV Av.
—— i Incl. Belle (Unpublished)

* Inclusive reconstruction of the charm system signal-side B

. pf > 1.3 GeV/c to suppress background

2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6
BB — X, mv] (%)
16
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* 1D binned maximum-likelihood fit to lepton momentum of signal B rest-frame

_ -1
« Control channel (B°B®/ B*B*) constrains background yield in signal channel Belle 11 f Ldt =1891b
_ I Xev Xpv
(B°B°/ B*B™) through simultaneous fit 12500 E 1 e: Background p: Background [ ]
_ . B | Il c: Continuum p: Continuum EEE
* e and u templates are fitted simultaneously in 10 p, bins each = 10000 MC tot. unc. MC tot. unc.
'f ¢ Data _yiw=*=e  Data 4
= I &
[ R(X,,,) = 1.007 + 0.009 (stat.) + 0.019 (sys.) ] R 1
£
v Most precise LFU test with semileptonic B decays to date! < 5000
L €2
v Measurement systematically limited by lepton ID-based uncertainties 9500
e Belle (2019) R(De*,p) - Phys. Rev. D 100, 052007 ® Belle Il (2023) R(Xey) - this measurement —
e Belle (2022) R(D,,) - arXiv:2301.07529 SM predicton - J. High Energy Phys. 11, 007 (2022) Q T‘g 9 8 [
—_ S ° ° °
| | e | | SE 0t e e
8 §_2.0 ¢ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
< 14 16 18 20 22 14 16 18 20 22
| | ° | | vy [GeV/c] p, [GeV/(]
Signal channel (B°B°/ B*B™) post-fit plot
I } . i |
0.I96 0.|98 1.60 1.62 1.I04

Re/ll 17


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.051804
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Lepton Flavour Universality tests shed light on b — ¢ decays anomalies.
Current deviations from the Standard Model expectations of > 3o characterise these anomalies.
Belle II performed three measurements to test lepton flavour universality:

o The first R(D™) result from Belle II
R(D*) = 0.2671)033(stat.) ¥J:928 (syst.)
Consistent with both SM prediction and HFLAYV average

o The first universality test using angular observables as function of recoil w

Consistent with Standard Model prediction

o The most precise Lepton Flavour Universality test with semileptonic B-decays to date

R(X./,) = 1.007 £ 0.009 (stat.) + 0.019 (sys.)
Consistent with Standard Model prediction
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