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Scientific context

- The Standard Model is very successful but has limits (CP Violation, dark matter and energy, neutrino
masses, matter/antimatter asymmetry, ...)

- CKM matrix: d Vud Vus V'u,b d
/
S = | Ved Ves Vo | |S
(Predicted unitary) /
b weak Wd WS ‘/tb mass

- Need to obtain a precise measurement: B factories
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Belle & Belle Il experiment

1999-2008: BaBar experiment .
1999-2010: Belle experiment e . >
2018- : Belle Il experiment .

N beam i SuperKEKB

‘/‘.

Add / modify RF systems
for higher beam current

. 5 »
Low emittance positrons
to inject .

Damping ring ”
el L1
;_/l

Low emittance gun

New positron target /
capture section

Belle I

Low emittance electrons

Supe KEKB and Belle Il
KEKB/Belle SuperKEKB/Belle II
Y(4s) meson decay process Integrated Luminosity 1ab™ 50ab™’
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Measurement of |V  |and |V_, |

2 differents methods to measure |V [ and [V |:

- Exclusive:
e Focus on asingle final stateas: B — 71—0[7[ or B — nilvl
e Difficulties: low signal yield

- Inclusive:
e Considering all final states containing an up quark: B — X, lvj (for |V, |)
or charm quarks B — X lv; (for |V_|)
e Difficulties: Background contamination

Belle/Belle I LHCb
Exclusive measurement |Vub|/|Vcb| |Vub|/|Vcb|
Inclusive measurement vV _|/|V_.] Not performed yet
ub cb
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Measurementof |V |and |V |

These two methods exhibit a sizeable tension of respectively 3 and 3.5 standard deviations |V ,| and |V_|:

|Vub| Measurements over Time

7= CKMFitter Unitarity & |Vuw| Exclusive BTy
: EPS 2019 i PDG CKM Review Phys.Rev.D 92 (2015) 5, 051102
J |Vub| Inclusive B-puv O Ay = puv
+ PDG CKM Review * Phys.Rev.D 101 (2020) 3, 032007 Nature Phys. 11 (2015) 743-747

_“L +++++}++++
S

& R BB BT
v>o S <0, s s
X = g Rs Y U R %
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Inclusive & Exclusive measurement idea

The idea is to measure both exclusive & inclusive |V , | at the same time:

B Reconstruction of the X system variables
Hadronic Tag
e’ T e

Suppress Background
v(4s) meson decay process

Study on 711 fb™! dataset
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Background suppression
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Generated Mx and lepton energy

Main sources of Background:

- B— X, Iv decays
- continuum processes

Background suppression performed by Neural Network

Clear separation only possible in certain kinematic
regions, e.g. lepton endpoint or low M,
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System reconstruction

Finally we can reconstruct the kinematics variables of the system:

e The momentum of the X system:

px = 2 (\/m2 + |pil?, p) + D (B, ki)

e We deduce the mass of the X system:

My = 1/ (px)"* * (px),

e Thefour-momentum transfer squared:

¢* = (psig — px)*
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Implementation & fitting procedure

From the previous determined variables, we run a binned likelihood fit:

bins

L = H 7) nz, Vz nuisance-parameters

constraints

Observed events  Expected events

Divided into:
- B-pi®lv
- B—pilv
- B> Xulv
- B— Xc lv + others background

Where we have: v = pu™ >< f;_()
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Implementation & fitting procedure

Different fit setup:

mu size =3 | musize=4 | musize =6 mu size = 9 mu size = 10

pi0 mu0 mu0 mu0 mu0 mu0

pip mul mul
mul mu2 mul (n; = 0) | mul (n; =0) | mu2 (n, = 0)
Xu mu2 (n, =1) | mu2 (n; =1) | mu3 (n; = 1)
mu3 (n, = 2) | mu3 (n; = 2) | mu4 (n; = 2)
mu4 (n; = 3) | mu4 (n, = 3) | mu5 (n; = 3)
mu2 mu3 mub5 mu5 (n; = 0) | mué (n, = 0)
bkg mué (n; = 1) | mu7 (n, = 1)
mu7 (n; = 2) | mu8 (n, = 2)
mu8 (n, = 3) | mu9 (n, = 3)
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Implementation & fitting procedure

Proof of the concepit:

Nﬂ.-:=0 Nﬂ.i—=1 N+=2 N+>3

perfect agreement between
predicted and observed data

'l

good separation
between variables

1 _- ﬁ

/T /4 other X,

g% =10,5,10,15,20,26.4] GeV?

q? distribution resulting of an Asimov fit
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Implementation & fitting procedure

Fitting procedure:

/

Initialisation

Object initialization

n

4

T

Observed events

23/06/2021

~

Fit Setup

Lattice parameters +
number of mus

~

/

T

Predicted events

C N
Fitting part
Chi2 fit
AU )
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|V, | exclusive calculation

We start from the formulas:

Volai = ZEZETEL
ub |exclusive, ¥ — T =
e BAT(B — 70 7) e B(B — 7% 7;) =mu_oxByc(B — 70t 7;)

° AF(B — w0 l71)is the integral of g2 distribution

v _ B(B — ﬂ'il"‘ﬁl)
| ublexclusive, Tt = TBAF(B 1t Dl) e 7 Iis the B meson lifetime

In case we have the same mu for pi® and pi* we use:

B(B — ﬂil"'ﬁl)
IVUb|exclusive,7ri = i
TsAL'(B — 7*1*1;)
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|V, | inclusive calculation

We start from the formula:

ABB — X, v

AT = Xob 7)) AB(B - X0 )
EI > 1GeV
With:
AB(B — Xul "ﬁl) = €EABF * (mu,ro X BMC(B =2 7T0l- ﬁl)
+mu,+ X Byc(B — nEl 7))
+muy, X BMC(B — Xyl '-vl)correct)
And:

BMC(B - Xul vl)correct = BMC(B — Xul :ivl)
—Bmc(B — 70l vy)
—BMc(B — ’IT:tl 71)
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Toy generation

Instead of using prediction, we generate random data: We define:
v; — Ny,
4 D pllies 2B
Random data 0

toy of size N — | generation

A /

l Item, bin 0 | bin_1 bin_i

: . : Item bin_0 | bin_1 bin_i
List of i bins predicted data 2 - - -
bin_i

Iltem,, bin_ 0 | bin_1 bin_i
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New Fitting procedure:

« N

Initialisation

Object initialization

A /

|

Observed events
Toy size
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Toy generation

~

Fit Setup

Lattice parameters +
number of mus

~

/

-
Random generated
events

C N
Fitting part
Chi2 fit
AU )
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Name
mu_sig_pi0 | 1.00
mu_sig_pip | 1.00
mu_sig_Xu | 1.00

mu_bkg | 1.00
bOp | 0.407
bip | -0.65
b2p| -0.5
b3p 0.4
b00 § 0.507
b10 | -1.77
b20 1.3
b30 4.2
23/06/2021

|V, | calculation results

Value Hesse Error Case Of Ien(mU) - 4

0.28

0.25

0.12

0.13

0.014

0.09

0.4

0.7

0.020

0.10

0.4

1.0

Vb |exclusive, 0 = (4.20 £ 0.59) x 10~
|Vub|exclusive,71'i = (424 + 052) x 107°

|V linctusive = (4.40 & 0.30) x 1073

|Vub|exclusive, 70 — 0.08: 0.14|VUb|eXC1“Sive’ T =0.97+0.14

IVub Iinclusive |Vub | inclusive

|Vub|exclusive, 70 + |Vub |exc1usive, wx

= 1.92 +0.23

| Vub | inclusive
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Name
mu_sig_pi0 | 1.00
mu_sig_pip § 1.00
mu_sig_Xu | 1.00

mu_bkg §1.000
bOp [0.407
bip | -0.65
b2p | -05
b3p 0.4
b00 }0.507
b10 | -1.77
b20 | 1.27
b30 4.2
23/06/2021

|V, | calculation results

vawe Hessetmor - (Cgse Of len(mu) =4 (including high Mx)

0.22

0.23
0.06
0.017
0.014
0.09
0.4
0.7
0.019
0.10
0.34

0.9

IVublexclusive, 0 = (4.20 = 0.56) x 10~°
IVub|exclusive,7ri = (424 == 051) x 107°

Vb |inclusive = (4.40 £ 0.20) x 1073

IVub|exclusive, 70 — 0.96 + 0.13 |VUb|ex°l“Sive’ = =0.97+0.13

| Vub Iinclusive IVub I inclusive

|Vub|exclusive, 70+ |Vub|exclusive, mE =1.92 4+ 0.22

| Vub | inclusive
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|V, | calculation results

Name Value Hesse Error Case Of Ien(mU) — 3

mu_sig_pi 1.00 0.21
mu_sig_Xu | 1.00 0.11 |Vub|exclusive = (4.24 + (),45) X 1()-3
mu_bkg 1.00 0.12
— bOp ]0.407 0.014
oo |oss o Vb |inclusive = (4.28 & 0.29) x 1073
b2p | -0.5 0.4
b3p | 0.4 0.7
b00 0.507 0.020 |Vub|exclusive —0.99 + 0.12
b10 |-1.77 0.10 |Vub | inclusive . '
b20 | 1.3 0.4
b30 | 4.2 1.0
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|V, | calculation results

Case of len(mu) =3  (including high Mx)

Name Value Hesse Error

mu_sig_pi | 1.00 0.17
mu_sig xul 1.00 0.06 |Vub|exclusive = (4.24 £ 0.44) x 1073
mu_bkg | 1.000 0.017
o0p [od07 004 Vb |inclusive = (4.28 +0.20) x 1073
bip | -0.65 0.09
b2p | -0.5 0.4
b3p | 0.4 0.7
b0o | 0.507 0.019 |Vub|exclusive —0.99 +0.11
b10 | -1.77 0.10 |Vub | inclusive . .
b20 | 1.27 0.34
b30 | 4.2 0.9
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Toy generation results

Case of len(mu) = 3

{a) mu_0: u=0.0037 +0.0309, 0 = 0.9747 £ 0.0253 (8} mu_1: u=0.0052 * 0.0357, 0 = 1.0222 * 0.0291 {a) mu_2: p= - 0.0328 = 0.0346, 0 = 0.9915 = 0.0283
0

40
0.40
0.35
035
w ® 0.30 1]
) ] 90>
E £
a & & 0.25]
=1 ] °
E 3( ;D)ﬂ
] 3 3
£ E oy
& 3 50.)
2 2 2
010

Figure 4.1: Mu of size 3 pull distribution
This toy has a number of events of 1000

(3) mu_0_hmx: = 0.0799 + 0.0266, 0 = 0.9453 + 0.0218 (@) mu_1 hmx: g= ~0,0394 + 0.0284, 0 = 1. 0686 = 0.0232 (@) mu_2 hmx: g= ~0,0498 = 0.0309, 0= 1.0241 = 0.025

0.40 0.40]
04 0.35) 035
£ £ 0.30) $030
£03 2 2
G 025 5 0.25
2 ] 3
L] 2 0.20) £ 0.20
ao2 ] K]
E E 015 Eoas
z z z
01 0.10] 0.10
0.05 0.05
0 00 00
== 1 o 1 2 3 000 5= =2 -1 0 1 2 3 00032 -1 o 1 2 3
Pull Puil Pull

Figure 4.2: Mu of size 3 pull distribution (including high Mx)
This toy has a number of events of 1000
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Toy generation results

Case of len(mu) =4

23/06/2021

0.0866 = 6.6372, 9 = 09480 + 00303 3] 8w 00568 2 00248, 0= 09696 = 55236 131 96 2w ~ 0.008) =0 03039 0 9ET2 £ 00253 (31 va 3. 4w 00480 + 00292 9. 53193 00239

Figure 4.3: Mu of size 4 pull distribution
This toy has a number of events of 1000

Figure 4.4: Mu of size 4 pull distribution (including high Mx)
This toy has a number of events of 1000
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Conclusion

- |V, | calculation:

e Coherent with previous calculations
e Need to be perform with other sizes of mu

- Toy generation:

e Implementation of toys is working
e Still biased
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Thank you for your attention
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Kaon Mixing

The future with
New Physics?

Qf‘,
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from
"% ¥ 7 Latestdevelopments on
. A IVub| and |Vcb| by Florian
Bernlochner
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Backup slides

B Value B™ Value B

B X, £ v,
B ntty (7.8+£0.3) x 107" (1.5+0.06) x 10™°
B -ty (3.9+0.5) x 107° S
Bty (23+0.8) x107° 3
B wlty, (1.24+0.1) x 107* :
B—pl (1.6+£0.1) x 10" (29+0.2) x 10"

B X, 'v, (224£03)x107° (2.0£0.3)x107°
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Backup slides

i

|Vs| (BLNP) = (4.01 +0.0870:121015) x 10~

|Vub| (DGE)

Il
T e M g i T

4124098 4 0.16i8;i§) x 1
) x 107,

Vsl (GGOU)

+0.08 +0.08
4'11——().[)9 - - 0']'6—().()9

X
V.| (ADFR) = (4.01 £ 0.081%15 + 0.18) x 1073
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