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Bs meson rare decays properties

In the SM the processes B -/!" [ are induced via loops
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They are exitremely clean: all the non-perturbative
information is encoded in the decay constant of the
initial B meson which is known with a precision of 1%.

f,.=2303=1.3 MeV



Bs meson rare decays properties
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The@xprobabﬂﬂ%f B =[0I is proportlonal to the
square of the mass of the lepton in the final state@
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Bs meson rare decays properties
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Bs meson rare decays properties
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Bs meson rare decays properties
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Bs meson rare decays properties

1 Gga? %12 p2 2

Br(B, — {10 )sm =

The@xprobabﬂﬂ?of B =[0I is proportlonal to the
square of the mass of the lepton in the final state@

m_=1.776 GeV Br(Bs — 777 )am = (7.52 £ 0.20) x 10~7

m,=0.105 GeV  Br(Bs — ptp )sm = (3.55 £ 0.10) x 10~
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Experimental Status

From a weighted average including measurements
from LHCb, ATLAS and CMS:

Br(B; — utp )Exp = (3.39 £0.29) x 1077

which is in agreement with the SM result
Br(Bs — pp )gm = (3.55 £0.10) x 1077

For pairs of T leptons in the final state
Br(B; — 7777) < 6.8 Xx 1072  LHCb [hep-ex/1703.02508]

Br(B, — 77 )gm = (7.52 £ 0.20) x 10™°



Experimental Status

Updated bound from LHCb  Br(B, — ete™) < 9.4 x 107°
LHCb [hep-ex/2003.03999]

Br(Bs — eTe )sm = (8.30 £0.22) x 1074

5 Orders of magnitude gap between the experimental bound
and the SM

The SM value is out of reach of current or foreseeable
experiments

Any near future observation of B e e
would be an unambiguous signal of
NEW PHYSICS



Effective theory treatment
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et = —— 7

Cl60f6 + CEOY + CRO% + +Cf, 0l + C50% + CHO%| +he

Inthe SMthe only O = (57, Prb) (£v"vs¢) contributes

NP Vector operator —» {5, — ( 57uPrb) (€v*s¢)

NP Scalar _ - 00 . p
operators > OF = my, (5Pgb) (66) Og = my (5PLb) (€X)

NP Op = my (5Prb) (€7°4)
Pseudoscalar<:
operators Off; — my (5PLD) (6’75@



Enhancements on B ¢ e

In the presence of@udos@indicles
1 —9ys

Br(B; = £7407) = Br(Bs = £T4 )sm X {|Pee|2 aa ; |S££|2]




Enhancements on B ¢ e

In the presence of@udos@indicles
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Enhancements on B ¢ e

In the presence of@udos@indicles
1 —9ys

B?"(BS — f+f_) — B_T(BS — ff-l_f_)SM x “F}gﬂ2 + T |Sgg|2]
_Ci-Ciy Mg, my  \[CE-CP
Fo = Clsé\/[ 2my (mb + ms) [ Cls(l)\/l }
For electrons and muons the factor my
enhances the NP effects R Fleischer

R. Jaarsma,

Sip =1 — 4_m2 %éigm Ui ) [Ogg — C,ggf] GTX
Mg Zmg)wmy +ms/ L CR) [1703.10160]




Enhancements on B ¢ e

In the presence of@udos@indicles
j [

Br(Bs — £747) = Br(Bs — £T¢ )sm X [|Pee|2 T - |5'££|2]

=i
_Cl6-Clo  Mp, ¢ my \[CE-CE
Pe= =G " Tng\m vms) L CR
-
For electrons and muons the factor my
enhances the NP effects R Fleischer
R. Jaarsma,
o Jy_ami Mg, o m WC?—C??] GTX
ks M2 Tmg)my +mg/ L CSM [1703.10160]

For electrons the enhancement effect is maximal.

For the effect to take place the Wilson coefficients should

not be proportional to the mass of the final state lepton.




The THDM and B ¢ e

The Type |l THDM
-L D Qy, (1]1“1?1 ot Yz”ffz) ur + Qr (Yfiﬂl o YEdeQ) dr

o EL (Y H1 + Yy Hy)egp + hec.,

The two doublets are coupled to quarks and leptons

HT = (Hf, (v + HY +iA9)/V2) Hy = iooHj
( ) (cosa sma)( )
—sina cos
| cos3 sinf
A>_ (—smﬂ cosﬁ)( )
cosf sinf
(—Smﬁ cosﬂ) ( )

Rotation to the
physics basis

H* )]



The THDM and B ¢ e

The Type |l THDM
~-L D Qy (1]1“1?1 ot Yz”ffz) ur + Qr (Yfiﬂl o YEdeQ) dr

o EL (YyH; + Y, Hs)eg + he.,

The two doublets are coupled to quarks and leptons

H = (H{, (v + H} +iA})/v2) Hy = iooHj
( COS v sma) ( ?)
H\h/ —sina cosa) \ HY
[ cosp sinp (1)
(4) = (s o) (4)
([ cosfB sinf 1i
(i) = (s ) ()



The THDM and B ¢ e

The Type |l THDM
—L > Qr (1/1“1?1 ot Yz”ffz) ur + Qr (Yfiﬂl o YfdeZ) dr

+£;, (YTH1 +YsHy)eg + hee.,

The two doublets are coupled to quarks and leptons

HE = (H,(vi + HY + 1A% /v/2) Hy = ioyH}
cos Sin« HY
NP neutral H@ - (— sin o cosa) (Hé)
scalars G\ [ cosp sing\ (Al
@ - (— sin 8 cos ﬁ) (Ag) |

GT\ [ cosf sinf Hli
(Hi) B (— sin 3 cosﬁ) (Hzi)



The THDM and B ¢ e

The relevant interactions are then
— L D Yoo eH + yps bsSH — i Yoe €7 €A — i yps by°SA
leading to the following Wilson coefficients
ce  Yeelbs \/57"
A M}%I mprthVt";a ’

Cee — _yeeybs \/§7T
& Mi mbGFWbTQ*;a ’




The THDM and B ¢ e

The relevant interactions are then
— L D Yoo eH + yps bsSH — i Yoe €7 €A — i yps by°SA

leading to the following Wilson coefficients

ee _ YeelYbs \/i’ﬂ'
2 MJ%I mprthVt";a ’

Cee . yeeybs ( \/ﬁ’ﬂ' )
Eai )

< |n

our model

Mi mbGFthVt:a

No contribution from
_______ ol H to the branching
fraction

@



Phenomenological constraints

Scalar potential
V(Hy, Hy) = m?, H Hy +m2,H}Hy — m2, [(HlT HQ) n h.c.]
+ % (H}‘Hl)Q + % (H;Hg)g + s (H{m) (H}) + X (H{H) (H)m)

v [% (H}‘HQ)Q + X (H{HY) (H[Hz) + A7 (HiHS) (H]Hz) + h.c.] .

Mass constraints

From perturbativity
and vacuum stability

0 < A12 =

—v/ A2 < A3 <4

=1 e

log10[Mac/GeV]
3% ] [¥¥) [¥¥]

2208.08995
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Phenomenological constraints

The possible size of the NP couplings to quarks and
leptons has to be determined

be yE‘.E

Constraints on the leptonic coupling ¥Yee
From e+e- — e+e- scattering

: LEP electroweak working 2 2 1
Constraints aroup Yee | Yee _

_|_

derived from [hep-ex/0612034] Mg M3 (4 TeV)?



Phenomenological constraints

Constraints on the quark coupling s

Constraints from neutral B meson mixing

Standard Model New Physics
A t Vis s I3 b
Bs W= W+ Bs + [ S ‘fl _____
5 Vt: t Viv b s 5

AMSM = 17.49 + 0.64 ps™? AM;>P = 17.765 & 0.006 ps~*




Phenomenological constraints

Constraints on the product Yeeyps from B — K®ete—

triggered by b->se’ e transitions

Observable ¢ bin (GeV?) Exp. Avg. SM Pred.

05 2B = rE e 1.0,6.0] 3.24 4 0.65 [37, 38] 3.37 4+ 0.56

0.1,4.0] 4.70 £1.01 [38] 3.40 & 0.58

4.0,8.12] 2.36 £ 0.79 [38] 3.31 £+ 0.54

107 x g—q‘z(BO — K*0¢te™) 0.003,1.0] 3.09 £ 0.99 (39 2.10 + 0.35
Pj(B — K*ete™) [1.0,6.0] —0.71 £ 0.40 [40] —0.34 4+ 0.04
[14.18,19.0] —0.15 £ 0.41 [40] —0.63 £+ 0.01
PL{(B - K*ete™) [1.0,6.0] —0.23 4 0.41 [40] —0.42 4 0.09
[14.18,19.0] —0.86 & 0.34 [40] —0.63 £+ 0.03

Direct sensitivity to the Wilson coefficients C{l) o



Phenomenological constraints

0 0
1 — B—EKWete
1 — B EWete 4 —+ ete
4 —— Br(Bs —efe”) NP/SM 1— Br(B, = ete”) NP/SM
-1 I —— Br(B, — ete~) LHCb upper bound 1 T Br(Bs— ete™) LHCb upper bound

LEP @ AM,

LEP @ AM,

> =

2 <

> -3 -3
=) S

o0 2

S g —~ -4

2.00 2.25 2.50 2.75 3.00 25 3.50 3.75 4.00
logm[MA = MH eV]

2.00 2.25 2.50 2.75 3.00 3.25 3.50 3.75 4.00

It is possible to saturate the current
experimental bounds while obeying the
known constraints



Generating the NP couplings

Pati-Salam like model

; . i P. Fileviez-Perez
Consider the model introduced in M B. Wise

[1307.6213]
based on the symmetry group SU(4)c ® SU(2)r ® U(1)g.

Up Uy Up V

SM matter fields For = (dr a, d; e) ~(4,2,0),
(leptons are the

F,
4" color of fermions)

(us ug ug ve) ~(4,1,-1/2),

2

(de dS df ) ~(4,1,1/2).

This scenario can be considered a low energy limit of the

Pati-Salam model J. C. Pati and
A. Salam
Phys. Rev. D 10, 275

Quarks and leptons are unified at low energy




Generating the NP couplings

The Yukawa sector

) = I ~ - ~  V3or=
. 1 3
+dp (YSTHI + m}ffffi) QL + ér (Y3THI - \é_}qTHg) 1+ h.c.

Type lll THDM with 4 Yukawa matrices

5—‘7 V. M: WV
= (tan 8 — 3 cot [3) =1 HEE (tan 8 + cot 3) < i =
v
f Vel e V"
= (3tan 8 — cot f) ——= + (tan B + cot 3) i ==
v

T

Physical matrices




Generating the NP couplings

C12€13 $12C13 513

Rotation

. V — —S812C23 — €C12523513 C12C23 — 512523513 S523C13
matrix

512823 — C12€23S513 —C12823 — 81223513 (C23C13

/

For tang>1 Sij —7 1 sl

. tELIlB Mme + Iy € £
= 0 < m,, + 3m & Yee = Yup, Yrr-
€ € ms + 3my
3mg + m- & &
~4 tanp
= A € SMs + my € Ydd = Ybb > Yss

£ € 3myy + me



Generating the NP couplings

YeeYur ,_ /- Yro¥Yur ,— /=
Het O — =5 (Tu)(€e) — =5 (Tp)(77)

Mg Mz
Yeelpz o 5 N7- 5 Yeallpz o 5 sy B
S (G enre): (raRi)Raia)
M3 M3
O1r = 7(1 —v5)p e(1 — 7s)e, Orr = T(1 +75)p (1 + s5)e,
Oir =T(1 —v5)u e(1+ 5 )e, Orr, = T(1 +75)n e(1 —s5)e,
YeelYur 1 1 YeeYur 1 1
Crr =CRrr = 1 [Mg_Mi]’ Crr=CgrL = 1 [M%+Mﬁ

the model implies effects on the channels

T = u ete” T =l
Experimental bounds
Br(t— - p ete”) < 1.8x107% Br(t — py) <4.4x1078
Babar Belle

[hep-ex/0908.2381] [hep-ex/1001.3221]



Generating the NP couplings

Phenomenological correlations

AM=M ,—M,
~7.0 a0 —T0T /AM:ZOOGeV

. 2.8 ] N

75 1 75 -

\B) \B)

T = T

E‘i —8.0 1 g E‘i ~8.0

) 8 )

0 g5 D g5

— 2.2 —
_9.012IIHI11HH|10HH|9HH|8HH7 " T T T

= - — - - - ~12 -1l —10 -9 -8 =
logyo[Br(t™ — pu~e"e™)] 2208.08995 logyo[Br(1 — p)]

Since Yuu K Yee we can obey the known results for

Br(Bs — p*u™)  within 2 o

3.0

2.0



Conclusions

e« Scalars and pseudoscalar particles can enhance
dramatically the branching fraction Br(B.2e" e ).

» One of the conditions for the enhancement is that the
New Physics couplings should not be proportional to n,

 The type Il THDM allows to fulfill this criteria while
satisfying the known phenomenological constraints.

* The required conditions can be accomplished within the
Low energy limit of the_Pati Salam model.
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Phenomenological constraints

OABZQ

OAB—A

CAB =2 _

U A
My, = ngzM%/SO(iBt)UBf%SMBS& +

= 57" (1 —5)bi 557u(1
55(L + 75)bj,

= 5;(I T 7505

2

Relevant Operators

— 75)b‘79 OAB :
OAB 2

Standard Model

1 . =l 1
__2}7 CAB=2 _ 0AB=2  AB=2 _ Ybs [ o _2]
ey 2 Llmg  m5

AMg = 2| M7,|

\j

T [QOAB 2(OAB 2> OAB 2<OAB 2>]



The THDM and B, —>e+ e

_ . . ’02
Non-diagonal mass matrices mt — yl \[ 235

After transforming to the physical basis for fermions

i diag diag : 5
—L D h+ | —cot - H+1A + h.c.
fL { v ( /8 v \/§SB) ( ) fR
" ME /¢ Yee £ &
Y¢=—cotf diag \/(E = ( & Yup € )
’ 256 5 e
To avoid sizeable
To enhance decays lepton flavour
into pairs of electrons Yup K Yee violation, and

bounds from

— Mfdg Qd Ydd € 3 kaon-mixing
¥y = el ﬁ \/_ — £ Uss ybs/z
i 239 e < Yij

€ Ybs/2 Ynb




Generating the NP couplings

For the off-diagonal couplings we have

~ 1
Ve — e (tan 8 + cot B) (my,sh3cas — MeS23ch3) ,

A g (tan 8 + cot B) (mys23¢hs — MeShscas)

—~

Yj,r =l (tan 8 + cot 3) (m33’23623 = mdszscés) ;

~

3
Yfﬂ =i (tan 8 + cot B) (mssaschy — mashscas) ,

/

where s;; — 1 Sij 7 1 but for s23 and So3

Yi =Y =ys/2

when sy =sh,—P
¥ 14

Y,wr = Y'r,u = yTﬂ/Q'
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