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The role of B,

Why are we so interested in studying such a meson?
e It has the structure of the heavy quarkonium but it decays weakly;

e Considering the semileptonic modes, it allows to investigate and test Lepton Universality.
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The role of B,

Why are we interested in studying such decays?
There is the possibility of exploiting the heavy quark spin symmetry (HQSS).
It relates modes with final pseudoscalar (J = 0) and vector meson (J = 1).
Why BE — BU) (= Ba ) Tve?
1. Dominant processes:
o |Vepl? with [Ves| > [Vea| > |Ves|
2. Small phase-space:

2.1 the 7 mode is phase-space forbidden;
2.2 extrapolation of the spin symmetry relations to the full kinematical range
(they should be valid only at zero-recoil).

3. B(B;y = Bs,av) = 1:

only radiative decay has been observed = fully differential distributions can be considered.

Why BZ — J/(nc) €7

1. It is possible to exploit the expansion series in terms of the relative velocity (V) between
the heavy quarks bounded in the meson.

2. The expansion still preserves the HQSS; this gives relations among matrix elements (FF).
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Exclusive ¢ — {s,d } /v, modes:

B — BUY)(— Bsgv) lus

S,

Based on:
P. Colangelo, F. De Fazio, FL,

Role of B;‘ — BS(:) f vy in the Standard Model and in the search for BSM signals,
Phys. Rev. D 103 (2021), no. 7 075019, [arXiv:2102.05365].
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Applying the Heavy Quark Spin Symmetry (HQSS)

In the infinite heavy quark mass limit mg > Aqcp the QCD Lagrangian exhibits a heavy
quark spin symmetry, with the decoupling of the heavy quark spin from gluons.

’ ~
s N
/ \
Such systems can be viewed as a freely propagating ,’ Q \ v
point-like colour source (the heavy quark), dressed ' r———>»
by strongly interacting brown muck. ‘' brown muck
\
N ,/
~ .

(W (V) @)W (v) = (Q'(v), £1/2|4(q)|Q(v), £1/2) x (light, v', j’, m]|light, v, j, m;)

~f(v/ —v)

In the semileptonic B} (p) — B{*)(p’, (¢)) decays induced by the c — a = {s,d } transitions,
since m. < my, the energy released to the final hadronic system is much smaller than my.

The b quark remains almost unaffected = the final meson keeps the same B, four-velocity v:

Pu = Mp Vy qu = Pp — P; = (mg. — mB(*)) Vi — Ky
’ ’ a
Ppu = M) Vi = M) Vie + Ky vk~ O(1)/mp)
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Applying the Heavy Quark Spin Symmetry (HQSS)
Doublets (Bf, Bf") and (B., Bf)
Heavy (pseudoscalar, vector) mesons are collected in doublets.

Its components differ only for heavy quark spin orientation.

H® = P, (v) [BX* vu — Bcvs] P—(v) and HY = [Bi* yu — Bavs| P—(v)

a

[\.Hl =2H v {y,H}=0 with H=H® A H=H' and Pi(v):izy
Spin transformations
H® = S H? s} HE = (UHP), s}
Sc,b € heavy quark spin transformations U, € light quark SU(3)g transformations

Matrix elements (must be invariant under rotations of the b spin)
* _ —b b
(B (v, k, (€)1 T QIBe(v)) = — . [/mp m () Moo Tr [Ha Qu(v, a0 k) T HE ]
ﬁf = ~y° HET ~y° and Q,(v, a0 k) = Q1. + Kao Q2.

dimensionless nonperturbative functions
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Reducing the number of the independent form factors

Theoretical basis: in the infinite mass limit mg > Aqcp: the heavy quark spin decouples =
Theoretical uncertainties reduced: 10 form factors expressed in terms of only 2.

B. = P=Bsgq fr = /’;"?P [Q1 + (mg, — mp) 0 Q2]
()
m
(P(p1)1aT QIBe(p)) ~ [Fr 0,717 7 (a%) o=\ ma mg_ g L(mee = mp o+ a*) Dt
=
(P(v, K)|T QBe(v)) ~ Q1.2() +(ch +mp) ((mg, — mp)? — ) 20 2]
fr= /= (mg. + mp)ao 02
Be
Bem V=54 V= [ (mee + my) a0 0
'C
Ao = z\/ﬁ [2 mp, Q1 + (mﬁc — mf/ +42) a0 Q2]
C
Ax =2 e 0
(V(p', )laT QIBe(p)) ~ [V, Ao 1,2, To,1,21% 7V (¢%)
= qAx=—,/ mg (mp, + my) a0 22
(V(v, k, ©)|aT Q[Be(v)) ~ Qu.,2(y)
To=0

Ty =2 /n’:’TV [Q1 — my a0 Q2]
(4

T2 = 2, /mp_my a0 (929

NP Hamiltonian
GF V2
Hup = % [(1+¢€}) Osm + 6 Os + ¢ Op + ¢ OF + e O] +hec.
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Bf = V(= Py)ly

Kinematics (B rest frame)

Oy: £ btw B flight direction and photon direction;
6: 4 btw lepton pair flight direction and W flight direction;

¢: £ btw lepton plane and hadron plane.

Fully differential distribution dI' = d*I'(B. — V/(— P~)Z1;)/dg? d cos 0 d¢ d cos Oy

dr = A x {Is sin% 0y + lyc (3 + cos20\/) + (fas sin® O\, + lac (3 + cos 20\/)) cos 20 + I3 sin2 Oy sin2 6 cos 26+
+ g sin 260\ sin26 cos ¢ + Ig sin 260\, sind cos ¢ + (lgs sin? Oy + lec (3 + cos26)/)) cos 6+

+ Iz sin20y sind sin ¢ + Ig sin 20\, sin20 sin ¢ + Ig sin2 0\ sin20 sin 26}

3G2 |Vekm 1?2 B(V—P~) m2\?

N = 128 am2 levi (-2
(2m)% mp q

Angular coefficient functions (e 6,%, eé,, GZT, e[R)

£2 ,SM 2,2 NP, X 0 Ly INT,X £ s INT,XY
IR e S S A - +2 3 Relex (1 + ")) +2 > Reley ey 1)
X X

Xy
7 =23 Imlek @+ UNINTX 2 3 tmpef fUNTXY
X
_ ) £y INT,R
lg,0 =2Imlep (1 + <y )llg o i—{1s,1c,...,6c} and X,Y € {P,T,R} with Y_#X
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Helicity amplitudes in SM and beyond

SM
(mp, +my)2 (mg_ — m}y — a%) Ay — XAz g - mv a2 A
Ho = Q + O e Q2
2my (ch +mv)\/q2 my 2,/mg._my q
(mg_ +m )2A FVAV m
Hy = —Be TVI BT YD | Y (2amg, 01 F VA0 2]
mp, + my mg,

A 1 A 2 2 2
He = —\| 5 A0 = — 2 72[2m5c91+(m367mv+q)3092]
q 2 mg_ my q

A= A(mE_, m¥, q%)

NP
N (B = £ VX (T + T2) 4 ¢ (T = Ta)
+ = =
\/ g
my 2 2 2 2 2
=2 | — [mE, —m{ +a® £ V) + ((mp, +my) ((mp, — my)? = 4%) £ (mp_ — my) VX) 20 2]
mp_ q
(=
2 2 2
A m +my, — q
HNP _ 4 S To+2 Be TV Ty +amy Ta| =
my (mg, + my) my
16
2 2 2 2 2
= ———— [, +my = )2 — my ((mg, — my)? = a%) a0 22|
/mB, My

Form factors (to compute Q1 and 3) from:

HPQCD Collaboration, L. J. Cooper, C. T. Davies, J. Harrison, J. Komijani, and M. Wingate,
Be — Bs(d) form factors from lattice QCD,

Phys. Rev. D 102, (2020), no. 1 014513 [arXiv:2003.00914] [Erratum: Phys. Rev. D 103, 099901 (2021)] 7/16
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Universal functions Q1(y) and ag Q22(y)
mg_+ m
1. Obtained from the form factors fo_, used to () = 2P ((mg — mp)® (o — 1) + a2 1y)
. ’ 2¢2  /mp_mp <
describe the processes B, — Bs.d computed by c
lattice QCD. 1 2 2 2
20 2(y) = m3 —m3) (fo — fy) + g2 £
2. Exploiting HQSS: 02 242 B, Mp (( Be p) (o +) +)
Be — BE*J are simultaneously described.
’ 2_ 2 22
q =mg. + mp mp. mpy
1.0 1.0
08 7\ i
0.5,\ 0.6F
- =
=} =}
04} 04}
0.2} 02l
1.0 1.0
0.8F 0.8}
T T
% 06f % 06f
g g
& o4f & o4f
§ §
0.2 0.2k

1.000 1.002 1.004 1.006 1.008 1.010
y

1.012

1.000 1.002 1.004 1.006 .1.008 1.010 1.012 1.014
y
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Observables within SM and NP context

. . . . r
Branching fractions in SM Integrated transverse width Fr = ﬁ

B — B: ,u,JrV,L

(a,0) | B(BY — BatTvy) | B(BY — B ¢F vy)

NP-Al
(s,p) | 1.25(4) x 1072 x | 3.0(1) x 1072 x : :
(s,e) | 1.31(4) x 1072x | 3.2(1) x 1072 x, -
(dyp) | 83(5) x 107%xy | 20(1) x 104 x4 o
0.400 0.405 0.410 0.415 0.420 SM
(d,e) | 87(5) x107%x; | 21(1) x 1074 x, Fr
Be — B; ,u,+uu
[\vcs\r [Ivcd\r
Xs = | ——— X4 = | ——
0.987 0.221
Ne-p
Ne-v
_— . NPk
— e
0.40 0.45 0.50 0.55 0.60 0.65 0.70 — sM
Fr
NP parameters from: F—(B* Fr(BX
T T
D.Becirevic, F.Jaffredo, A.Penuelas, O.Sumensari, (B d)
New Physics effects in leptonic and semileptonic SM 0.413(4) 0.40(01)
d 2
Scays SM+ T 0.411(8) 0.56(13)

JHEP 05 (2021) 175, [arXiv:2012.09872]
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Exclusive b — ¢ /7, modes:

Bc_ — J/¢(nc) gﬂﬁ

Based on:

P. Colangelo, F. De Fazio, FL,N.Losacco, M. Novoa-Brunet,
Relations among B. — J /v, n. form factors,
arXiv:2205.08933.



On B exclusive semileptonic modes Bf — B( 3( s Bs g v) L vy B — J/(nc) £y Conclusions

0000 OOOOOOOOO 0O0e00000 (e]e]

Expansion of the heavy quark field and the QCD Lagrangian

Positive energy component of the field

To construct the heavy quark expansion, the heavy quark QCD field Q(x) with mass mq is written
factorizing a fast oscillation mass term:

QL) =€ M p(x) = & MV (Y () + Y- () with P (x) = Pr(v) $(x)
v is identified with the heavy meson (quarkonium) 4-velocity, with v = 1.

1

EoM = ;D,(x):miBLer(x) with B, =Dy —(v-D)vu
Meson R.F.: v =(1,0,0,0)

v-D = (D¢, 0) and BLM = (0, D;) and / dBx PPy ~1
v

We define ¥ as the relative heavy quark 3-velocity in the hadron rest frame, with ¥ = || < 1.
The power counting of the various operators (objects) is set within NRQCD:

D =[E]~ [0 and [D]l=[p]~[7] and [V]~[]] 3 = [gy] ~ [7%/2
Hence:
_ img vex iB, (*fV'B)iBL
Q(x) =¢'MQ <1+E+W+ .>w+(x)
— —— ~g3/2

~v ~T2 X
10/16
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Expansion of the heavy quark field and the QCD Lagrangian

QCD Lagrangian

_ iDLy

Lqep = ¥+ (iv-5’+g
N—— 2mq

~i2 N —r
72

~7

g
+——0-G +
mQ

(8ua — v va) (8up — v vg)

Gl

Ei = Goj = [E] ~ []>  and

Leading order Lo

From Lo one obtains the EoM for 1 :

Subleading terms L1

4;2 iB(—iv~B)i3+...>w_,_:[,o+£1+4..

Q
Lo contains only operators O(72).
L3 + ... contain subleading terms.
¢*¥ 5 inthe RF: Gy, =G

1 jk 4
B; = 5 Cik G = [Bj] ~ [7]

(iBL)?

- TRy,
Q

(iV-B+

2m

The EoM breaks the Flavour Symmetry (mq)
but still preserves the Spin Symmetry.

L11 £1,2
g - 1 B - BV B
Ly=——1pro G Yy+—5YypiD(=iv:-D)iD iy
4mgq 4mQ
1 [(BL)* & (BL)? ,
L12=—5 +[7+*U‘GJ.7+gva—5i@aﬁ*gva'3n0w@aa Yt =
4mQ 2mq 2 2mq

1 3 a4
o3+ gL+ P+

£

1208 of higher order in ¥V expansion.
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Meson form factors in the effective theory

Current
To obtain the meson form factors in the effective theory, we expand the weak current involving two
heavy quarks Q' I' Q, with I a generic Dirac matrix:

J2,0

ArQ=Jo+ (—Jc"l + o ) + (— Jo.2 S
2mgq 2mQ/

- +o@/m?
4m2Q 4"%/ 4QOQ/) (t/m")
with

Jo :&’Jw
Jo1 = @LFIBL Pt

0= (7i$l)rd)+
Jo2=F.T(iv-B)iB s Jao =B i B (v - D)rws

ha =Dk (*fﬁl)riBL Py
Doublets (BF, B ™) and (n¢, J/)

Pi(v) [BS* vy — Bevs] P_(v)  and  H

H'(V')y = Py(v) [W ™ vy — me vs] P_(v')
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Matrix Elements and Trace Formalism
Local corrections

® Leading order

(M (v')|Jo|M(v)) = —A(w) Te[H' (V') T H(v)] with w=v-v

Non-local corrections

13/16
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Matrix Elements and Trace Formalism

Local corrections

® Leading order
(M’ (v

® 1/m corrections

MJoIM(v)) = —A(w)

(M (VB Ti B o [IM(v)) =
(M (), i Do T |M(v
Aa(v,V) =04 (v+ V)

+A7(V7V)Q*A3’Ya

Non-local corrections

Tr[H (v/) T H(v)]

with w=v-v

Tr[Aa(v,v')H' T H]
Tr[Aa(v,v) H’rH}

Ba(v',v) = DoV, V[A+ 3 — By 3]

Conclusions
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Matrix Elements and Trace Formalism
Local corrections

® Leading order
(M (v')|Jo|M(v)) = —A(w) Te[H' (V') T H(v)] with w=v-v

® 1/m corrections

(M (WF, i B oy IM(v)) = —Tr[Ba(v, v') ' T H]
[Ba(v', V) H T H]

(M (Y i Do T [M(v)) = +Tx
DAa(v, V) =Dy (v+v)a +0_ (v—v)a — A3 7a Aa(v',v) =D (v,V)[AL 3 — Ay 3]
® 1/m? corrections
(M (YT, (=i Da)Ti B g s M) = —Tx [t s(v, V) TH]  with o5 = % (WS +¥hs]
Vo5 = U3 Bap + Vs (v )a (v v)g + 03 (v v )a (v = V) H G 1V 4+ V) s + (v Vg vald
+ g l(v = v)avs + (v = V) val + g [(v+ V) (v = V)g + (v = v)a (v = V)]
Yap = ¥4 va v — v Vil + 95 (v = vV)a vs — (v = v))g val + %5 i capt

Non-local corrections F L [v+ v )avs — (v +v)g 7al
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Matrix Elements and Trace Formalism
Local corrections

¢ Leading order
(M (v')|Jo|M(v)) = —A(w) Te[H' (V') T H(v)] with w=v-v
® 1/m corrections
(M ()P, T B s M) = —Tr[Aa(v, v')H' T H]
(M (W)WB i Do T M Te[Aq v,vH’rH}

Da(v,V)=84 (v+V)a+ B (v—v)a — B37a Ba(v',v) = DoV, V[A+ 3 — By 3]

® 1/m? corrections
- — 1
(M (WD (=i Da)Ti B g ws IM(v)) = —Tr[wa g(v, V')A TH]  with a5 = 5 [Wos +vas]
V25 = U1 8ap + U3 (v V)a (v )g + 95 (v =V )a (v = V)5 + 03 v+ V)a s + (v + V)5 valt
Fg v —v)avs + (v = v)gval + dg [(v +v)a (v — )5 + (v = V) (v — v/)g]
Whg = Up va vh —va VAl 0a [(v = v)avp — (v = V)g val + 95 ioast

. A
Non-local corrections + P v+ v)avs — (v+v)57al

® 1/mand 1/m? corrections

(M’ (V)i /d‘xT[Jo(o),Ll(x)] IM(v)) = — Xi(vzv) Te[H' TH] + o Tr[x2pu (v, V') H T Pric” H]
2mQ 8mg
(M (V)i /d‘x'Jr [Jo(o),z:;(x)] IM(v)) = 7% Te[A' T H] + - [R2pw (v, V) H i o™ P T H]
Ql

_ A C 7 ’ = A B
Xepv = X2 i 0uv + Xz (Vy, Yo — vy Yu) Xepv = X2 iouy + Xz (Vu v — Vo ) 13/16
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Relations among form factors
Bo(v) = ne(v') FFs

(necleyy blBe) = /Mg mp, [he (v4+ v ) +h (v = V)] (nele b|Be) = \/Mn; mp, hs (1 + w)
(nel€ oy bIBe) = —i \/mnc mp_ hr (v v,, — v v,,)
Be(v) — J/y(v/,e") FFs
(/| bIBe) = i /Ty g g, by epvag e TH v VP
(J/9|E v 8 bIBe) = /My mpg [hay, (L+w)eps = ha, €™ vy —hay g™ vy ]
(J/$|E o blBe) = — /T35 B pvap [hry € (v 4 V)% by & (v = V)P 4 by (€77 - ) v VP

(J/|evs bBe) = — /My g ma hpe'™ - v
hy, ha,, hay, hag

FF computed by:
0 105 110 115 120 125 100108 110 115 120 125 J. Harrison, C. T. H. Davies, A. Lyte,
B. — J /4 form factors for the full q2

w w
range from lattice QCD,
o2 08 Phys. Rev. D 102 (2020) 094518,
— T :
\ [arXiv:2007.06957]

g ————— 599 —
£ o6 £o4

o8 02

-1|00 1.05 110 115 120 125 1.00 1.05 110 115 120 125

w w 14 /16
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Relations among form factors

1
hry = > [(A+w) hay + (1 —w) hy] hy = hag — hy
h LY [y = 3me) by 2me (a4 ) — ( )]
=————[(mp—3mc) hy me (hp 22) — (mp — me) hy
2 S (my3me) c) hay e (hay 5 b 3
hp = ————— [(1 4+ w) (mp ha, +2mehy) — (mp+ (2 —w)me) ha, — (wmp — (1 —2w) me) /1/.3]
mp + 3 me
! 14]
08 ,nz/ -02)
= | 12
Enﬁ\ 504 5o 5,
£ o4 £ 0s £ 6 <
02| -08| -038] o
os
1.00 105 110 115 120 125 oo 105 110 115 120 125 7‘100 105 110 115 120 125 1.00 105 110 115 120 125
mp — me
= ———(1+w)|3h —h —h —2h
Ty 13m0 ( Y[3hay — hay — hag v]
mp + mc
hp—hy = ——2" "¢ (A4 w)[3ha — hay — hpe —2hy
T T e v 3w | VB hay = haz = hag ]
mp + mc
hy —hs = —————— (3 ha, —ha, —ha, —2h
T —hs 3 me [3ha, Aa Az v]
! . FF obtained by us:
7“/ o8 08 P. Colangelo, F. De Fazio,
_’_m/ Z o4 %o FL,N.Losacco, M.
g 304 \ 304 Novoa-Brunet,
o £ N < N Relations among
: B. — J /45 nc form. factors,
oo 10 T 115 120 12 L T R K R K F T oo tes 1w 115 120 12 arXiv:2205.08933.
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Conclusions

BS — BU)(= Bsg) v

1. They represent further processes described by ¢ — { s, d } £' v, transitions to investigate
NP effects;

2. It is possible to reduce the hadronic uncertainties, using:

2.1 computations of the hadronic form factors ;. and fo;

2.2 HQSS;

3. In addition, looking at BC+ — B} Zvy, NP may produce large deviations from SM
predictions.

Be — J/d(ne) Lo,
1. Lattice QCD results for B. — J/1 SM form factors can be used as an input for:

1.1 B. — J/v to predict NP pseudoscalar and tensor form factors;
1.2 B. — 7. to relate the form factors to the previous ones;

2. The effort is to efficiently control the hadronic uncertainties affecting the predictions for
semileptonic B. — J/1, n. decays in the SM and beyond.

16 /16
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Exclusive ¢ — {s,d } /v, modes:

B — BUY)(— Bsgv) lus

S,

Based on:
P. Colangelo, F. De Fazio, FL,

Role of B;‘ — BS(:) f vy in the Standard Model and in the search for BSM signals,
Phys. Rev. D 103 (2021), no. 7 075019, [arXiv:2102.05365].
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Angular coefficient functions for B, — V(— P~) v,

BE — J/v(ne) Loy
000000
NP, R INT, R

SM
hs 2mZHZ + H3(m? + ¢?)
he L(H2 + H2)(m? + 3¢%)
bs Hg(m} — a%)
he F(H2 + H2)(q* — m})
I H:H-_(q* — m})
la FHo(H: + H-)(q* — m})
Is He(Hy + Ho)m?2 + Ho(Hy — H-)q?
les —4HHom}
loe 3(H2 — H2)q?
l78.0 0
NP, P INT, P
2
2 2
hs 2H; (mq+mq) 2H; m’z{fmq

he2s.2¢,3,4,6c,8,9

He(Hy + H-)m? —

2mZHZ + HE(m? + ¢?)
F(H2 + H2)(m? +3¢%)
H3(m? — a%)
F(H2 + H2)(q* — m})
H:H-(q% — m)
3Ho(Hs + H-)(q? — m?)

—4HiHom?
—3(H2 — H2)q?
]

0
0

Ho(H: — H_)q?

—2m2H2 — HZ(m?2 + q?)
—3H H_(m? +3¢?)
—Hg(mf — %)
FHH-(m? — )
3(H2 + H2)(m? - ¢?)
3Ho(Hs + H-)(m2 — ¢?)
—He(Hs + H-)m?
4H;Hom?

0
—Hy(Hy — H-)m?
3Ho(Hs — Ho)(m? — o?)
L(H2 — H2)(m2 — ¢?)

0 0

0 He(Hi + Ho) s
0 —2H;Ho m"'jm

0 He(Hy, — H_) gt

mQ+mg)
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Bz’—>B(d)—>Bsyd'y)[7ue Bemr
000e00 000000
Angular coefficient functions for B, — V(— P~v){vy
NP, T INT, T
hs 2 (HYP)?(q? + m?) —3HYP Home /2
he  3((HYP)2 4+ (HNP))(3m2 + o?) —(HYPH + HYPH_)mey/q?
e S5(HYP)(? — m?) 0
he  S((HYP)2 + (HNP)2)(m? — ¢?) o
Is —4HNPHNP (g2 — m2) o
L —LHNP(HNP 4 HNP)(g2 — m2) 0
s LHNP(HYP — HNP)m? ~L[HNP (Hy — H_) + 8HYP (He + Ho) + 8HNP (H, — Ho)lme /a2
Ios 0 LHNP Hemgr/q?
lsc 2((HYP)? — (HNP)2)m? ~(HYPHy — HNPH_)me\/q?
I 0 —L[HNP(Hy + H_) — 8HYP(H; + Ho) + 8HNP (H: — Ho)lme\/q2
Ig,0 0 0
INT, PR INT,RT INT,PT
hs —2H? # e SHoHYP me/q? 0
he 0 (HYPH_ + HNPHyYmy\/q? 0
hs2c3.489 0 0 0
Is —He(Hy + Ho) e JHNP(H- = Hy) + 8HYP (e + Ho) + 8HNP (e — Ho)lmen/a?  —He(HIP + HNP)“' i
? 1 ( 2)3/2
los 2H, Ho ot —3HeHP mey/o HHY sioaimn
loc 0 (HNPH_ — HNPH Yme/q? 0
2)3/2
b He(He = H2) s —3[HIP(H- + He) — 8HYP (Ho + Ho) + BHNP (o — Ho)lme /@ —Hi(HIY® — HNP) L0
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000000’ 000000
Differential Branching Ratios
B. — Bs [,L+V,_L B. — By ,u,+1/“
005 030
- SM — SM
0.0af — NP s — N
& 1 0.20
g b Lo
% 0.03 a
3 5 o1
QL 002 =
= 2 a_ 010
= 2E
o001 0.05
000 .00
0.0 0.2 0.4 0.6 0.8 0.0 0.2 04 0.6 0.8 1.0
¢’1GeV?] 71GeV?]
x4+ *
Be — B, pvy, B. = By pu vy,
010
— SM
0.08 NP
&
|
-
3
)
Q
=

00 01 02 03 o4
2 2
¢ [GeV7]

¢*[GeV?]

= J/p(ne) Loy
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00000e’ 000000

Forward-Backward Lepton Asymmetry

+ +
Be = Bs vy, B = By vy,
05 0.5 M
04l 04 NP
————— NPno T
= ~ 03
Ch )
=
s? 02 RE 02
0.1
01 =T
00 ==
0.0 \J
0.0 0.2 04 0.6 0.8 0.0 0.2 04 06 08 1.0
7IGeV?] 71GeV’]
* o+ * o+
Be — B, pvy, B — By p vy,
0.5 SM
0.4 NP
————— NPno T
- 0.3 —
& &
i E
R 0.1 K
0.0
v
=01
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.0 0.2 0.4 0.6 0.8
¢*1GeV?] ¢*1GeV?]

a/s



Back-up

Be = J/v(ne) Lo



Exclusive b — ¢ /7, modes:

Bc_ — J/¢(nc) gﬂﬁ

Based on:

P. Colangelo, F. De Fazio, FL,N.Losacco, M. Novoa-Brunet,
Relations among B. — J /v, n. form factors,
arXiv:2205.08933.
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000000 00e000

Expansion of the heavy quark field and the QCD Lagrangian
Lagrangian
Lqep = Q(iB - mg) @
Remember that
Q) = &M@Y Xp(x) = ' MR VX (Y () + o (x))  with () = Pr(vV)B(x)
So
Laep =P (iv-DB) oy + ¢+ iBLw_ +9_iB vy —§_(iv-B+2mg)v_

and looking at the EoM,

f’£<;ac0:6 9 Lqcp = {w+ — (iv-3)¢++iBLw,:o
odr " 0(0uvx) o = iBLiyy —(iv-D+2mg) Y- =0
we find

- 1
ﬁQCD:w+(iV'B+iBL fﬁj_>»¢;+_...:£o+£1+'”
2mQ+iv-B
Current

LBt A N~ . . .
l‘BL I%L(IV~D)1|F|:1+IBL (IV<—D))IBL

sro—dg 1o
ArQ =y {1 2mgr (2mq)? 2mq (2mq)?

e S K T

c = J/b(nec) ey
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() 5 = _
BY = B")(— B; g 7) Evy Be — J/w(nc) o,

c s,
000000 000e00

1/m relations
x-dependence: |M(x)) = e~"Avx |M(0))
(A Al
MO(X) _ e—l(/\ v—A"v')-x Mo(o)

here, f Q .
where, for a [Q1 Q2] meson The small binding energy scale A
A= my — mg, — mq, can display a residual
heavy quark mass dependence.

Trace formalism
M ()G, T (v - B s |M(v)

(M (Y)F, (=iv' - D) Ty IM(v)

= —((1+w)Ay + (1 —w)A_ + A3) Tr[H' TH] = —¢ Tr[H T H]

=z

= —((1+w)As + (1 —w)A_ + A3) Tr[H' TH] = —¢) Tr[H' T H]

or, using i O (1,/713r Fepy) = L;T)Lr (iBQ) My + 97 F(iBQ) P, we get
_ A—N _ A+ A _
AL — AL = > A A_+A_ = > A Az — A3 =0

Final solutions

(Aw — ')A — 243 + ¢x + ) _ (Aw =)A= (6k — k)

Ay = A=

2(w+1) 2(w—1)
A~ Nw—RA-28s+ ¢k + ok A - Ww—R)A+ (e~ dk)
T 2(w+ 1) - 2(w— 1)

Imposing ¢x — ¢} = (A= A)A we get

Aw—1)A+2A3 +2¢gk N (w—1)A+203 +2) N
- 4= =

At 2(w+1) 2(w+1)

>

the divergences in A_ and A_ are cancelled. 6/8
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000000 000080

How to obtain the relations among the FF at O(1/mg)

Some definitions:

bk — AA
R L K=3xa+2w-1)x5 PR o

\&\*

Be — J/1p FFs (SM)

) A tR-K 8 +2(F1+ F2) , A AR-K 1 {WF17(27W)F2+)ZQ+2)ZZB}
o= A — _ = A — _
v 4my 4 me A3 4my 2 me 1+w 2
1 [1—w K 1 [1—w <4 1 [F+3F
hay, = A+ — Fi+ f] + [ (F1 + F2) + —2] hay = {7 + xf]
mp L14+w 4 2me L1+ w 2 2mc 1+ w
B. — J/4 FFs (NP) and Bc — nc FFs (SM and NP)
K K 1 1 4F — K 4F —K
hy =04+ — + ho=—(——-—)F hr=O—-—"— =
4 my 4 me my me 4 my 4 me
1 [1-w K 1 [1-w R K %4
hs = A4+ — Fi+—|+— F1+ — hry =D+ — —
mp L1+w 4 me L14+w 4 4 my, 4 me
Fi  Fi+F 1 (g FR+3R 4FL—K 4R +K-2%]
hry ==——+ —— T3 = — Xo = —(/——— hp =A — -
mp 2mc 2 mc 1+w 4my 4 me
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000000 O0000e

B. — J/1 SM FF: Relations at leading order
Bc(p) — J/(p’,€"): QCD basis

i vBe—J/ Y (2
_ 2jvBc=I/¥ (g2
(/1@ 7 QIBe) = = e g Y %
ch+mJ/¢'

_ 2my /e * . g
/18" v 75 QIBe(p)) = -qq—z“”q“ age ) (g my ) (e -

Be—J/, 2
LM)AIc @)+

e*

2 2

- q Mg my Be—J /v

- (<n+n’m - 672“” m) ATV ()
mBe T My /4 q

Bc(v) — J/w(v/,€"): HQET basis
(J/P|evypu blBe) =i /mJ/U) mp. hV(W)ﬁHVQB B B

. ! ’ . ! ’
(J/P|E v vB blBe) = /mJ/d) mp. [/7A1(w)(1 + w)slf —hp,(w)e vy — hag(w)e * VVH]

Relations among FF: { V(q?), Ai(g?) } ~ { hy(w), ha,(w) }

mg_ +m mp. my mg_ +m m
Vo ety VIR (T (M
2 /mBC mJ/‘LP mB. +mJ/1P 2 /ch mJ/‘lP

1
e +1)h, — - ha, — - h
2 gy (mge (w2 hay = (mgg = wm, ;) hay = (wmge = my ) hay )

ha, +ha )
2 3
mBC

Ag =

q2 =0= W = Wnax = (méc +m§/w)/2m36 my

mg, + my mg_ — my 1 [ mg 1 [ mg
0= "B Y 4y 0) - DB T s (0) — a0(0) = = | B wmax hay (wmax) > — = | —2¢
I

2mJ/w sz/w 2 my/qy 2

Wmax A(Wmax)
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