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Note: All quantities with ‘0’ as superscript or subscript are non-radiative while without any superscript or subscript
are O(ax) QED corrected quantity.
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Radiative corrections to the CKM elements |V, | (solid) and |V, | (dashed) for different thresholds
on photon energy, k

max

Corrections to both CKM
elements :

5QED . Vb
qu - VO

— |

for (a) B - PT( = D, mu v, and (b) B~ — P( =D, UV,

Charged mode
(almost same)

Neutral mode
(difference)

Due to mass
difference in
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(Khodjamirian et.al., 2011) !
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“ (Khodjamirian et.al., 2011) |
\\ //

~.

/ o ‘-777:77 - ) . 7 ) - )  \~

2. (II) : form factors obtained from lattice (FLAG, 2021)
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1. (/) : form factors used in calculating R, ,

|J

\ Using QCD Sum rule and HQET \~
(Ligeti et.al., 2017) |

|

’ |
Using QCD LCSR 1

“ (Khodjamirian et.al., 2011) |
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2. (II) : form factors obtained from lattice (FLAG, 2021)

|
Note: we limit ourselves in large

I q2 region






1 1 11 1 1 11 11 11
Uptni Jiop) | Fii Jitop) | Fitont fomip) | Umani Fi)
Ry 0.091 0.093 0.091 0.093

The ratio of RV determined with the choice fg‘_)) - and f A for the corresponding

form factors.

B—D




( () . ) ) ( (I1) .f(f) ) ( () . pUI) ) (LI) . (1) )
B—m)J B—>D B—m)J B—>D B—m)J B—>D B—m)J B—>D
Ry 0.091 0.093 0.091 0.093

The ratio of RV determined with the choice flgA_Z - and f A for the corresponding
form factors.

B—D

* RV turns out to be robust against soft photon corrections as well as choice J
w of form factors ‘i

N—,___






Phenomenological impact (an example)
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® Consider new physics (NP) in the form of right handed currents in quarks :

Hyp = —2Ev c1(Zy Py Pob
NP_E quR( }/,u Ly) q}/,u R™ ) 1
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Phenomenological impact (an example)

|

| —_

(

® For exclusive process B — P{U, :
szBePfD szB—)PL”D |

4 4 2 |

— ‘ 1 + Cg ‘ l
|

® For inclusive process (m,/m, — 0) :

1 d°T B—X, (0, , d°T B—X, (0, d°T B—X,£0, w
+ = |1+ ¢} + ¢ t
L o dy B dy  lsm ~dy R

= . _— —_ - -



® NP impact on |V, ]|

Modes VNP
(SM)
NP _ Vg
(SM)
1%
B — D*{y, Vol = 2=
. _CR
Exclusive Decays
NP _ V!
(SM)
NP _ Vi
B _> IOKVE Vub — 1—6%
Vp (SM
B — X vy, Ve 1—8(3402
. ' R
Inclusive Decay
M
B — X, vy | Vi) = Vu(l;s ) (for m, ~ 0)

VCII\ZIQP is the corresponding CKM

\. elements in the presence of NP/

N



® NP impact on |V, ]|

Modes V" VCII\ZIQP is the corresponding CKM )
(SM) \. elements in the presence of NP/
B — D/ly, V]ng = Q P
C I+ch _
(SM)
B — D*ly, vVl = —‘1/0_’?861\:
Exclusive Decays < 1\2
B — mlyy VUJXP — ‘1@:&;{
’ SM . .
(SM) :
B s ptw, P _ Vi ( Note: V™" is the corresponding
: \. CKM elements in the absence of /
B — X.tu, Vo = 2O N NP 4
Inclusive Decay R ..,
B — X, vy | V., = VU(I;SM) (for m, ~ 0)




® NP impact on |V, ]|

Modes V" VCI]\ZI?P is the corresponding CKM )
(SM) \. elementsinthe presence of NP
B — D€I/£ ‘/c]lyp — ‘1/?6%
(SM)
B — D*ly, vVl = —YC_’)SCI\:
Exclusive Decays < 1\’;
y
B — mly, VUJXP — ff:c},% .
4 . /SM.. :
B - ptv, YAP ‘ff_?hf :» Note: qu is the corresponding  )
: \, CKM elements in the absence of /
B — X.tu, Vo = 2O N NP 4
Inclusive Decay R e —
B — X, vy | V., = VU(I;SM) (for m, ~ 0)

® NP impact on the ratio of R{YP to R{EM

B—X,, B—m B—m B—p B—p
B— X, B—D B—D* B—D B— D*

o
(R )7 () 103405 | 14+ ch—ch | 1= ch—ch | 1+ chtch | 1— i+
SM




® NP impact on |V, |

Modes V" is the corresponding CKM )
(SM) elements in the presence of NP
B — Dly, VNP — Y;—R
(
B — D*ly, vVl = —Y‘fsj:)
Exclusive Decays < 1\’;
B — mwly, VP = Yljfc},% ,
4 SM
(SM) { Note: V is the correspondin
B — p€V€ Vu]l\)rp — ‘]fu_bczé ] p g
. CKM elements in the absence of
B — X.tu, Vy = 72O N NP
Inclusive Decay R e ————
B — X, vy | V., = V?beM) (for m, ~ 0)

® NP impact on the ratio of R{}’P to R‘“EM

B— X, B—m B—m B—p B—p

B— X, B—D B—D* B—D B—D*
|Vub| |Vub| 1 — 0.34c¢¢ 1 c LU 1 — ¢ — U 1 C U 1 — ¢ U
|Vcb| / |Vcb| D4CR | L+ Cp —Cp CR —Cr | 1T CrRTCR Cr T CR

® We get constraint on ¢ : ¢y € [—1.34,1.34]cy; (actual power of Ry)
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Appllcatlon

e ® Attempt to find the constraint on %’%(B — w) using %’%(B — w)
BRB,y = ;) = (1 = 2¢8NBRB, ., > W,) IgMm

‘ where,

GF’”’”IB(BC)"%2 m2
BR(B) = ) IgM = - I- T Vo |

2
mB u(c)




Appllcatlon

/ ® Attempt to find the constraint on %’%(B — w) using %’%(B — w)
BRB,y = ;) = (1 = 2¢8NBRB, ., > W,) IgMm

‘ where,

G%mB(B )mfz m2
BR(B ) = ) ISM = C I- T Vo |

2
ST mg.

\_ With  fug)= 185439MeV  and  BAB = w)],, = 109X 10~

® BAR(B.— tv,) is found to be [1.9 —2.4] %, well below the bound for
BRB. - tw,) <30% °

SGrinstein et.al , PRL 2017.



Appllcatlon

/ ® Attempt to find the constraint on 95’3?(3 — w) using 95’9?(13 — w)
BRB,y = ;) = (1 = 2¢8NBRB, ., > W,) IgMm

‘ where,
GI%mB(B )mfz m2
BRB, ) = ) |IgM = . | — 2 fB(B)\ (c)b‘
] u(c)
- With fB<B> = 185(434)MeV And 9?9?(3 — TV )\ =1.09 x 10~

® BAR(B.— tv,) is found to be [1.9 —2.4] %, well below the bound for
BRB. - tw,) <30% °

® This examples =— V_, puzzle and V, , puzzle are not independent

SGrinstein et.al , PRL 2017.
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Conclusion

/ ® The QED radla’rlve correc’rlons are Found fo be sensitive to maximum energy kmax and )
| very little sensitive fo the angle between photon and lepton.

| ® Ry, gets negligible correction due to the soft photon QED effects. ’

| ® Ry, is affected very mildly by the choice of form factors in chosen g* range. ,

® |V.| and |V | puzzles treat the NP couplings independently. While the equality of |
1 inclusive and exclusive R, relates two type of couplings in a model independent approach. |

| |
L We are thus encouraged to propose the use of RV in our quest for »
\ probing the SM and beyond it, both experimentally and theoretlcally

Thank You for your attention
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Differential decay width for inclusive modes :

| =( 2§§)A<1,q2,p2>{[<1—p>2 P+ p) — 207
I T;f 2(1—p)* = (1+p) - } ' 3A2{ (1 =5p) = ¢ (1= p)*(1 + 5p)
—3(¢*)*(5+6p +5p%) +25(¢°)° (1 + p) — 10(¢*)"]
| ?5[2(1—/)) (1—="5p) = G°(5 —9p — 21p° + 25p°)

+3(¢)7(1+ 20+ 5p%) +5(¢*)(1+ p) = 5(¢*)"] }-

A A 3\ A
d?|, . _12W92(1 ' znlbz)A(l T p7) A4S — 22{[2(1—P)3—3q2(1—P)2
b

LR

4m

+12(¢°)* (1 + p) = 7(@*)°] + —57[(1 = p)* = 3¢°p(1 — p) = 3p(q°)* + (¢°)°] }

q°



