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|V, | and |V, | tensions

2107.00604

|Vcb |inclusive =(42.16 £0.50) - 10~° [Bordone, Capdevila, Gambino]

_ -3 1902.0819
| Veb | cetucive = (3909 £ 0.68) - 10 Foae

See also 1912.09335 [Bordone, Gubernari, van Dyk, Jung]

| Vb b uive = (4.1020.28) - 107 Belle 2021
| Vb lexetusive = (3-73£0.14) - 1073 FLAG

_ -3 Light-cone sum rules
| Vb lexetusive = 3-77 £0.15) - 10

2102.07233 [Leljak, Melic, van Dyk]



Problematic |V,,| and |V, | uncertainties

o |V | and |V, | s ~ 7 — 10 % uncertainties

e Strong dependence of K and B decayson |V |and |V |

v

Large uncertainties on K and B decays

. |V |* = 16 %, e.g. in Br(B, 4 — uu) and AM, 4
. | Vo, |3 — 24 %, e.g.in Br(K™ - 77vv) and | e |

e |V, |4 — 32%,e.g.in Br(K; — z%wv) and Br(Kq — uu)



Problematic |V,,| and |V, | uncertainties
Large uncertainties on K and B decays

. |1V, |2 — 16 %, e.g. in Br(BS,d — up) and AMS,d

e |Val*—32%,e.q.inBr(K; — 7%uv)and Br(Kq — pu)

BUT

These are observables with:
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Problematic |V,,| and |V, | uncertainties
Large uncertainties on K and B decays

. |1V, > > 16 %, e.g. in Br(B, 4 — pu) and AMg 4

e |Val*—32%,e.q.inBr(K; — 7%uv)and Br(Kq — pu)

BUT

These are observables with:

1. Precise theoretical predictions (NNLO QCD corrections)
— Accuracyat 1 — 2 %
2. Precisely measured (Br(Bg — uu), AM )
3. Small difference between the experimental measurements
and the SM predictions - ~ 30 % for Br(B, — uu)

'> High precision needed for NP study
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Idea: cancellation of the |V, | dependence

BI‘(BS(d) — //l+//l_) TBs(d) |dea of:
Riay, = = C—1(x,) 0303060 [Buras]
AM;q) l By, 2104.09521 [Bobeth, Buras]

4.291 . 10710

Computing Ratios (in the SM) to obtain much clearer observables



Idea: cancellation of the | V., | dependence

Br(B. ., — u ") 7B Idea of:
(d) s
R gy, = : = C——f(x,) 0303060 [Buras]
AM;q) l By, 2104.09521 [Bobeth, Buras]
4.291-1071°

Computing Ratios (in the SM) to obtain much clearer observables

. Cancellation of the full CKM dependence
. Cancellation also of the hadronic form factors F 13 o
. .. A YO(Xt)2
. Precise determination of B, (LQCD) and of f(x,) = S.( (NLO QCD)
0\ X¢

10



Idea: cancellation of the | V., | dependence

BI’(BS(d) — //t+//l_) TBs(d) |dea of:
Ry, = = C—1(xp) 0303060 [Buras]
AM;q) l By, 2104.09521 [Bobeth, Buras]

4.291 . 10710

Computing Ratios (in the SM) to obtain much clearer observables

Ry Jsp = (2.047008) -107%s  vs  [R

006 — (1 . 61+0.19) . 10—10pS

s,u]exp — —0.17

2 .10 tension with SM
WITHOUT CKM uncertainties
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Idea: cancellation of the | V., | dependence

Br(Bygy, — utu) B,q, Idea of:
Ry, = = C—1(xp) 0303060 [Buras]
AM;q) l By, 2104.09521 [Bobeth, Buras]

4.291 . 10710

Computing Ratios (in the SM) to obtain much clearer observables

Generalization of the strategy

— other ratios of (functions of) observables

to eliminate the |V, | dependence

They will in general depend on other CKM parameters -}
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CKM parametrization

Cleanest set of CKM parameters =»> Not explicit |V, | dependence

(0,0) (1,0)

sin 7y

=vV({0-p2+p =< wop .
— = ~ sin
|chd‘/cb| A ‘/Cb L Sln(B_l_,-y) 77
ViaVeis| 2y :
R endddbll SO - e sin 3 .
VeVl dRaa e ok 7 g - ~ Sl
sin(8 + )
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CKM parametrization

Cleanest set of CKM parameters =»> Not explicit |V, | dependence

(0,0) (1,0)

e A=|V,|:ingeneral a weak dependence on it

. f : determined from Sl/st — (22.2x0.7)°

e y:determined by LHCDb through tree-level strategies
— (65475
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CKM parametrization

Cleanest set of CKM parameters =»> Not explicit |V, | dependence

(0,0) (1,0)

2
. . 1
|V2d| = /\|Vcb|81ﬂ% |Vub| = /\\/E|Vcb|81ﬂ5, O — ( ) ;

2

A .
e =l a2 Gy — 1 3(1 — 2sinycos f),

Dependenceon |V |, | V| and | V4| traded for the ones on 4, f3, v

15



Basic Strategy for | V,, | independent ratios

Expression of the observables as functions of 4, |V |, /, 7
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Basic Strategy for |V, | independent ratios

1. Expression of the observables as functions of 1, |V, |, 5,7

2. Exact |V | independent correlations, trading the |V, | dependence

of one observable for the dependence on a second observable
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3. If the dependence on the CKM parameters is not a power-law function
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Basic Strategy for |V, | independent ratios

1. Expression of the observables as functions of 1, |V, |, 5,7

2. Exact |V | independent correlations, trading the |V, | dependence

of one observable for the dependence on a second observable

3. If the dependence on the CKM parameters is not a power-law function

— Derivation of approximated power-law semi-numerical

expressions with < 2 % accuracy [Definition of critical exponents]

4. |V, | independent ratios — Possible residual dependence on f and y

[Possible strategies to determine / and y]
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Br(Bs,d = HH )

3.8x107°

3.6x107°

34x107°

32%1077

B (Bs— ptu7)

3.x107°

2.8x107°

2.6x107°

38x107°

3.6x107°

34x107°

)

+

32x107

= 1

B (B

28x107°

2.6x107°

41 42 43

|Vcb| X 103

38 39 40

3.x 1077 .

41 42 43

|Vcb| X 103

38 39 40

— y=60°
— y=65°
— y=70°

— y=T5°

B (Bg— p*u7)

BBy p'u)

1.1x10°10

1.05%1071°

1.x 10710

9.5x 107!

9.x 1071

8.5%x 10!

W/
38 39 40 41 42 43

[Ven| x 10°

1.2x1071°

1.1x10°10

1.x 10710

9.x107 !

8.x 10711

7.x10™1

39 42

Largest source of uncertainty: |V, |
Negligible / dependence
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— VB

— y=60°
— y=65°
— y=70°

— y=75°



Br(B; 4 — up)

3.8X10_9 1.l><10“°
-9 — [¢]
3.6x10 y=67 105x107°|  y=67°
-9
A3.4><10 o
= 2
132x107° EY
T T 9.5x10™1
) — VB < — VB
R 3.x107° >y
9.x 10!
28x%x107°
8.5x107!!
2.6x107°
38 39 40 41 42 43 38 39 40 41 42 43
[Vep| x 10° [Vel x 10°
3.8% ]0_9 1.2 % 10-10

3.6x107°

1.1x10710
34x107°
= — y=60° 2 1Lx1071° — y=60°
232%x107° E 8
% — y=65° 1 —— y=65°
&) &
Q351079 — y=70° x 9.x10°! — y=70°
— y=T5° — y=75°
2.8x%x107°
8.x1071

2.6x107°

/ 7.x 10711

38 39 40 41 Iy} 43 38 39 40 41 42 43
[Veol x 103 [Vl x 103

Tension SM-exp depends on |V, |, whilein Ry itis [V, | independent:
| Vcb |

usive > 20 @nomaly, |V | - in agreement with SM
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Br(B, 4 — up)

2
th Vs

2
0.0402 [ Ve |

. a5 2
. B BB 1 Ve = (3.39+ 0.06) x 1077 -
L ST I (227.7Me\/>

Vi Via
0.00848

2 5 . .
~ |Vcb| (Sln }/)

o 2
B(B; — utu ey = (0.973 +0.02) x 10719 d
(Ba = 1717 Jsm = ( I (190.5Me\/)




Br(Bs,d — //t//t)

2
Vo Vis

2
0.0402 [Veb|

. a5 2
. BB 1 Ve = (3.39+ 0.06) x 1077 -
L L =i e = ) (227.7Me\/>

Vi Via

2
2 .
0.00848| [ Ve [ (siny)

Fy =
BB = i) (0972 002 « 102 d
B (0 s = o (190.5Me\/>

2. Exact |V | independent correlations of Br(B, — uu) with Br(K™ — z7w0)

BB ) 2paey
e — - V. .| from Br(B. —»

Vsl 200 < 102 e G5 ) Ve (B = m)
. K R} sin’ B e o e 8

B(K+ g 7T+I/I/) = (1 o AENI)/\_; |‘/cb|4X(xt>2 (1 t_ A2/2)2 [0'225]
0.2251*

A2\ 2 PRI F. () = (0.405 + 0.024) [T]

- (1 — ?) (Rt cos 3 + \Vcb|2X($t)> }
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Br(Bs,d = Mﬂ)

- . . Fs e 2
1. BB ) o — (5390106 ailim (227.71\8@\/) 0.3’402 ~ |V |
. . Fp L 2, . 2
BB, i) (00973 E002) < 1) (190.515@\/) Tor I | Vo |7 (siny)

2. Exact |V | independent correlations of Br(B, — uu) with Br(K™ — z7w0)

— T 2
V|2 = B(B, — a T 20 TN |V, | from Br(B, — uu)
2.09 x 10~5 R, g Gl
- B(Kt — ntvp)
' Bl - X(;Z;t) 33 (227 7MeV ) /‘L+(1 +AEM) |

2
1 )\4P ) FB - 1n TS e
. 2 . 2 C S B(BS % )
= o G } . s
X [asm vsin® B + = <51n7(3086+ Ba X () (227.7M6V (5»7)) B3 = 2.0 X 100K,
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Br(Bs,d = /’t//t)

Approximated power-law expression for Br(K™ — z7wv)

2.8 . 1.39
BIK* — m+up) = (7.92 + 0.28) x 10-11 |1V il
1.0 x 10-3 l S 67° l |

Critical exponents

Br(K* — 7tw) « |V, |*® & Br(Bgq — pp) « |V, |°
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Br(Bs,d = /’t//t)

3. Approximated power-law expression for Br(K™ — z7wv)

‘/C 2.8 . 1.39
BUK* — 1+ up) = (7.92+0.28) x 10-11 [ Vool il
= l Sin 67° l

Critical exponents

Br(K* — 7tw) « |V, |*® & Br(Bgq — pp) « |V, |°

Bk > main)

Bilkes & min)
1.4 RQ /87 =
[B(Bs — )] .

[B(B; — ptp-)] =

Ri(B,7) =

Approximately |V, | independent !!!

Rl X [sin }/]1.39[FBS]—2.8
R2 o [sin 7/]_1'41[ FB ]—2.8 * BUT not y independent !
d
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Br(Bs,d = Mﬂ)

B(KT — nTvp)

B(KT™ — ntuvp)
1.4 RQ /67 e
[B(Bs — ptp))] .

4. (B, — B(B, — Iu+’u_)]1_4.

— VB

\\
\\
\\

60 62 64 66 68 70 72 74
y [°]

l

y : largest uncertainty
— Once y will be precisely measured,

R, and R, will be very good tests of the SM
27

Colored regions: 38 < |V, | 10° < 43
— Approximately |V, | independent !!!



Br(Bs,d = //t//t)

Exact power-law expression for Br(K; — 7uv)

. 2 . 2 4
Voo |
Tl O sl | ] Ve
Dl s /s [sin(22.2°) Sin(67°) | |41.0 x 10-3

Br(K; — 7%w) « |V, |* & Br(Byyq — up) « |V, |
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»

Br(Bs,d = /’t//t)

Exact power-law expression for Br(K; — 7uv)

. 2 . 2 4
Vel
T e O ) e T sl Ve
gl i [sin(22.2°) sin(67°) | |41.0 x 10-3

Br(K; — 7%w) « |V, |* & Br(Byyq — up) « |V, |

B(K; — mvi)
E(BS — ,LL“L,LL_)]Q’

B(Kp — 7v)
[B(Ba — pru7)]”

Rs3(B,v) = B8 ) —

Exactly |V | independent !!!

R;  [sin #]*[sin y]*[F]~*

: : _ _ BUT not /) and y independent !
R,  [sin #]*[siny] Z[FBd] 4 * P 4
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Ri(y.B)

3.0x10°

2.5%10°

20x10°

1.5%10°

Br(B, 4 — up)

B(K; — mvi)
BB, — ptpm)]”

R3(B,7) =

B(K; — 7vi)
B(Bs — pru)]"

Ra(B,7) =

— B=20°
— B=21°
— B=222°
— B=23°
— pB=24°

60 62 64 66 68 70 72 74

Y [°]

3.5x%10°

3.0x10°

25%10°

20x10°

60 62 64 66 68 70 72 74
y 7]

Exactly |V, | independent !!!

Dominant uncertainties due to y and /
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— p=21°
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Critical exponents for other observables

Observable

o | Vg, [ [sin y]™2[sin f]"3

*

31

Observable 1 9 r3
Kt 5 oo 58 139 00
K; — «%up, 160 20 2.0
K. =g as | 40 929 2.0
le g |, 34 166 D87
B: > ptu— 4.0 0.0 0.0
B, 20 20 0.0
BT > KTuvi 20 0.0 0.0
BY - kp o0 00 0.0
AM 4 2.0 20 0.0
AMg 20 00 0.0




16 |V, | iIndependent ratios

Br(K* — 7 w)

[Br(B+ — K*tvp)]14

Br(K* — 7o)

Rs
[Br(B? — K% pp)]14

x [sin }/]1'39 R

o [SiIl 7/]1.39

_ Br(B* - K*w) Br(B’ - K1)

—R7= o« [Fg]™  Rg= x [Fg 172
CKM ina;pendent Br(Bs — up) S Br(B; — up) :
1.80 tension SM-exp
| ek | e | ek | . .
Ry = (AMIZ)” « [siny] M B[sin 197 Ry, = (ANF)”  [siny]"7[sin $]%57
S
Br(K* - ztuv Br(K, — =%
R = ( | |082 )  [siny]"%[sin 17071 R, = (|L |118 )  [sin y]%%[sin 518
/ €K ' —
47
Br(Bg — Br(B, —
Almost depending Ry, = ®; > #p) « const Ry, = Ba = pp) o const CKM
only on f: AM; AM4 — independent

accurately determined
fromS x «— R

_ Br(Kg — pu)gp —

Br(Kt —» ztw) A
= o cons
Br(K; — n%w)

07 Br(K; — n%)07

x [sin ] Ry
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Basic Strategy for |V, | independent
branching ratios

Determination of CKM parameters through precisely measured observables:
lex |, AMg, AMy, S

v

CKM dependence in K and B branching ratios traded for dependence on | ¢k |, AM , AMy, S

wKg

wKs
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Basic Strategy for |V, | independent
branching ratios

Determination of CKM parameters through precisely measured observables:
lex |, AMg, AMy, S

v

CKM dependence in K and B branching ratios traded for dependence on | ek |, AM, AM,, Sl/st
| V., | from AM.:

almost independent from y and

wKg

0.044(

0.043

—e 00 <y <T75°and20° < f < 24° -

— B=22.2° | Vcb | — 41 . 78(62) . 10_3

— B=23°

— B=24° '

Most precise |V, | determination
. . . . from a single observable

[Venl(v.B)
o
o
=
&}

0.041

0.040

0.039
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Basic Strategy for |V, | independent
branching ratios

Determination of CKM parameters through precisely measured observables:
lex |, AMg, AMy, S

v

CKM dependence in K and B branching ratios traded for dependence on | ek |, AM, AM,, Sl/st

|V, | from AM.:
almost independent from y and

wKg

0.044

0.043

—r 00" <y <T75%and 20° < f < 24" —>
= —3:22?? |Vcb| =41. 78(62) . 10_3

0.042

[Venl(v.B)

0.041

0.040

p =22.2(7) from Sl/st
0.039L —~ — — — — = - Y = 698(26)0 from | €K| y AMS —
 |Vg4|=41.81(61) 1073

y [°]
35
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Basic Strategy for |V, | independent
branching ratios

Determination of CKM parameters through precisely measured observables:
lex |, AMg, AMy, S

v

CKM dependence in K and B branching ratios traded for dependence on | ek |, AM, AM,, Sl/st

wKg

(|Vepl.7.5) , from:

0.044|

0.043 ° | €K | ’ AMS’ AMd
— p=20°

To042 — p=2t° * €K l» AMS’ SWKS

;ﬁ — B=222°
0.041 :ZZ ° €K 1> AMd’ Sl//KS
0.040 *
- S S Tensions in the SM
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Basic Strategy for |V, | independent
branching ratios

Determination of CKM parameters through precisely measured observables:

lex |, AMg, AMy, S

v

wKg

CKM dependence in K and B branching ratios traded for dependence on | ek |, AM, AM,, Sl/st

0.0040

0.0039

0.0038

0.0037

B)

-

Ity

Z0.0036

V

0.0035

0.0034

0.0033

AM;

62

64

66

68

y [°]

70

72

74

— B=20°
p=21°

— B=22.2°

— p=23°

— B=24°
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p=22.2(7) from S x
y = 69.8(26) from |ex |, AM, —
V., | =3.65(12) - 1073

v

Consistent with FLAG:
'V, | =3.73(11) - 1073



Basic Strategy for |V, | independent
branching ratios

Determination of | V| and / through precisely measured observables:
lek | ([ Vep | for K decays), AM 4 (| Vy, | for B decays), S k (/) [In the SM]

| V ;. | dependence in K and B branching ratios traded for dependence on | ¢ |, AM_, AM
cb K S d

Decay Branching Ratio Decay Branching Ratio

K vy (360 L0/l Bl s e a s

R, nrr 29l o) 1ol B e (000 o (S

e e @500 B Belyp (A5 =062 Sl
B Iy [0 SE 007 s L0

Eliminating |V, | dependence:
most accurate estimates to date!
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BBy ptp)'

Br(B, — uu) and |V, | independent estimates

1.6

1.5x% 2

1.4x% :

1.3x10712

1.2x10712

1.1x 2

Correlations between Br(B, — ;4;4)1‘4 and Br(K™ — 7z7wv) [R4]

x 10712

SM

Linear correlation varying |V |
(slope from y)

_y=60°\

SM |V |independent
B predictions

— y=75°

Test of the SM

\4

1.x10710 1.2x10710 1.4%x10710
B(K*— n*vy)

Br(B, — pu) measurements (LHCb, CMS, ATLAS) to be improved by LHC,
y by LHCb and Belle I,

Br(K*

— 7w ur) by NA62
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Conclusions

|V, | independent analysis

. | V., | independent ratios of observables in the SM

e |V, | independent SM predictions for rare K and B decays
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Thank you |



Backup



Br(Bs,d = /’t//t)

4, Correlations between Br(B; ; — /4;4)1'4 and Br(K™ — z7w)

SM 13%x10°4
1.6x 10712
12x1071
1.5x10712
1.1x10°4
14x10712
- =
: — Y 1x104 — y=60°
=65° < _AEo
1310712 4 T s
Q — y=70° X — y=70°
- e, 9.x 10713 '
— y=75 X — Y=750
12x10712
8.x1071°
1.1x10°12
7.x10713
1.x10°12
6.x 107! 8.k1o-! 1.x 10710 1.2x10°10 14x 10710 6.x107" 7.x 1071 8.x 107! 9.x107"1 1.x 10710
B(K*— n*vy) B(K*- n*vy)

Linear correlation varying |V |

\4

Br(B, — pu) measurements (LHCb, CMS, ATLAS) to be improved by LHC,
y by LHCb and Belle I,
Br(K-I- N JZ'+UU) by NA62 * Test of the SM
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