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+ - +— +a
Bsg— 'y, Beg — 777, Bsg — €"e
Very rare according to the SM:Loop induced, helicity suppressed.
Sensitive to the presence of New Physics (NP) scalars and pseudo-scalar particles.

Challenging to be measured.
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Bs — ptu~ has been observed: LHCb + CMS

B(Bs — ptp")emsns = (3.0759) x107°  B(Bs — ptp )inerrr = (3.0£0.6793) x107°

Nature 522, 68 -72 (04 June 2015),
Phys. Rev. Lett. 111, (2013) 101804, arXiv:1307.5025 [hep-ex],
Phys. Rev. Lett. 118, (2017) 191801, arXiv:1703.05747 [hep-ex].

*The “measurable” branching ratio is denoted as B rather than B, see explanation ahead.
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Key Features of B, — ¢"(~ in the SM

@ Tiny decay probabilities due to loop (FCNC) and helicity suppression(m?).

A(Bq — £707) oc my Vi Vi fa,Mp, Ciy" = B(Bg — £1¢7) o<
EW loop contributions contained in C (Real in the SM, non CP violation).

@ Non hadronic final states lead to very clean and precise calculations.

Hadronic information is contained only in the decay constant fg,
(lattice precision O(2%)).

See lattice QCD Theory Session by C. Bouchard.
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Experimental and theoretical status
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o BB, —7'r7) BB, ptpT) BB, eter) o B(Bs—=7tr")  B(Ba—p'pT)  B(Bi—eter)
Only B(Bs — p™p1~) has been measured at the moment.
B(Bs — 7t77) challenging to measure due to difficult 7 reconstruction.
Any measurement of B(B,(y) — e*e™) = strong evidence of NP.
(within the capabilities of current or foreseeable experiments)
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Theoretical formalism

The theoretical formalism will be discussed using Bs — ¢7 ¢~ as an example.
To describe By — ¢1¢~ replace: Vis — Viy, ms — mg, fg, — fa,

(Also mixing parameters although they are tiny, see later).

The decay processes Bs — ¢* ¢~ are described using an Effective Theory approach

The effective Hamiltonian used is:

G , / ,
Hegr = _Tz‘F Vi Visa [ Cff Oro + CHLOp + CE Os + Cf Ol + CE¥ 05 + CK Op] + h.c..
71'
O = (57, PLb)(#y"ysf) : vector operator,
Op:mb(EPRb)((_,’qg() :  pseudo-scalar operator,
Os=my,(5Prb)(Pf) : scalar operator.

1
L=, e T PL/RE§(1$’YS)~

Operators Oj,, O, O; obtained under the replacement P, <= Pr
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Theoretical formalism
Useful parameters
Ps — Cll(f — Cll(f/ + MIZS’S ( mp ) Cﬁz - C;l;e/ — |Ps |ei<pp
A @M 2my \mp + ms @SN 2
2

m
1—4—%t

; :
Mz, ( my, ) G — G | s e
MIZBS 2my \ mp + ms ClsoM

S
SN

In the Standard Model:
Ci=CM#0 Go=cf=cf =0
Plsm =1 S7,|sm =0
The presence of NP scalar and pseudoscalar particles can lift the helicity suppression,
= this will enhance B(Bs; — £T(¢~), important case ¢ = e.

(possible scenarios: leptoquarks, SUSY, ...)

A. J. Buras, R. Fleischer et al., JHEP 1307 (2013) 77, arXiv:1303.3820[hep-ph]
W. Altmannshofer, et al., JHEP 05, (2017), arXiv 1702.05498 [hep-ph].

Gilberto Tetlalmatzi (Nikhef) [ Theory of leptonic rare B decays B — £1 ¢~ May 10, 2018 6 /33



Theoretical formalism

A(BY — €567) = (605 Hert|BY),  A(BY — £545) = (5 £ |H B2

e

A =L, R: helicity of the final state lepton.

Since measuring helicities is challenging, consider:

(Bt — Hm) = > T(BY() — 6¢5),
A=L,R

time evolution accounts for mixing effects BY <> B.
Untagged rate ([(Bs(t) — £1£7)) = [(BY(t) — £+4=) + T(BY(t) — £1¢7)

Experimentally measurable quantity:

_ 1 [
B(Bs— (T4 = 5/ (T(Bs(t) — £te7)) dt
0
K. De Bruyn, R. Fleischer et al., Phys. Rev. Lett. 109, 041801 (2012), arXiv:1204.1737 [hep-ph]
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Theoretical formalism

Theorists calculate the following branching ratio in the SM:

_ TBSG4M4 Sil’l4 OW « 2
B(Bs — €107 )[sn = mf === Vi Vi | £ M,

The physically measurable quantity includes NP and mixing effects:

1+ ys cos(2 — P 1 — ys cos(2 — NP
¥s cos(20p — $2 )}lng‘z+[ ¥s cos(205 — o) sz, 2 L.

B(Bs — £7¢7) =B(Bs — £7¢7)|sm X { [ >

1-— )’52 1—yg

m? :  Lepton mass (helicity suppression factor).
fB, Bs meson decay constant.

CISOM : EW loop functions.

¥s = ATs/Ts :  Neutral Bs meson mixing factor.
#NF : NP effects in mixing ~ 0.4° (HFAG)
P, = |P;,le'?", S5, =|S;,|e’?s : Scalar and pseudoscalar New Physics functions.
In the SM  B(Bs — £+£7) = 12 x B(Bs — £+47)
Mismatch between theoretical and experimental determination given by 1/(1 — ys)
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Theoretical formalism

To extract NP information out of B(Bs — £7¢~) introduce the ratio:

—s _ B(Bs—tte)
Ry = —_——t
B(Bs — £+6)|sm
. 1+ys cos(2¢f}; — ¢NP)

1 — ys cos(2p% — ¢P)
[Peel? + |: = |See)?

1+YS 1+YS

If the scalar and pseudoscalar phases are trivial (%, 0% € {0,7})
Ryo ~ |Peel + |Seel?

|Pye| is correlated with |Sy,| through a circumference of radious \/ R,

tiny corrections from ys.
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Application to B; — ™
Current experimental and theoretical status for the branching ratio

B(Bs — ptp7)|Luch ir+omsiis

B(Bs — p' 7 )lsm

(3.00£0.5) x 107°
(3.57 +£0.16) x 10~°

Electromagnetic corrections below my, lead to effects of about 1% to the SM value
M. Beneke, C. Bobeth and R. Szafron, Phys. Rev. Lett. 120 (2018) 011801, arXiv:1708.09152 [hep-ph].
Combining theory and experiment for the branching ratio we extract:

=]

. =0.84£0.16
LHCb'17+CMS
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Application to B; — ™
Current experimental and theoretical status for the branching ratio
B(Bs — ptp7 ) Laoviriomsis =  (3.00£0.5) x 107°
B(Bs — pfp7)sm = (3.57+0.16) x 107°
Electromagnetic corrections below my, lead to effects of about 1% to the SM value.

M. Beneke, C. Bobeth and R. Szafron, Phys. Rev. Lett. 120 (2018) 011801, arXiv:1708.09152 [hep-ph].

R | —0.84+0.16

Combining theory and experiment for the branching ratio we extract:
=]
KH | LHCb'174CMS J

05,
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Application to B; — ™
Current experimental and theoretical status for the branching ratio
B(Bs — ptp7 ) Laoviriomsis =  (3.00£0.5) x 107°
B(Bs — pfp7)sm = (3.57+0.16) x 107°
Electromagnetic corrections below my, lead to effects of about 1% to the SM value.

M. Beneke, C. Bobeth and R. Szafron, Phys. Rev. Lett. 120 (2018) 011801, arXiv:1708.09152 [hep-ph].

R | —0.84+0.16

Combining theory and experiment for the branching ratio we extract:
=]
KH | LHCb'174CMS J

o There is room for NP!

05,
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Application to B; — ™
Current experimental and theoretical status for the branching ratio
B(Bs — ptp7 ) Laoviriomsis =  (3.00£0.5) x 107°
B(Bs — pfp7)sm = (3.57+0.16) x 107°
Electromagnetic corrections below my, lead to effects of about 1% to the SM value.

M. Beneke, C. Bobeth and R. Szafron, Phys. Rev. Lett. 120 (2018) 011801, arXiv:1708.09152 [hep-ph].

R | —0.84+0.16

Combining theory and experiment for the branching ratio we extract:
=]
KH | LHCb'174CMS J

o There is room for NP!

|P;,| and |S;,| not uniquely determined.

05,
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Application to B; — ™
Current experimental and theoretical status for the branching ratio
B(Bs — ptp7 ) Laoviriomsis =  (3.00£0.5) x 107°
B(Bs — pfp7)sm = (3.57+0.16) x 107°
Electromagnetic corrections below my, lead to effects of about 1% to the SM value.

M. Beneke, C. Bobeth and R. Szafron, Phys. Rev. Lett. 120 (2018) 011801, arXiv:1708.09152 [hep-ph].

R | —0.84+0.16

Combining theory and experiment for the branching ratio we extract:
=]
KH | LHCb'174CMS J

There is room for NP!

|P;,| and |S;,| not uniquely determined.

To pin down more precise values for
S S
|P;,| and |S},|
more information is needed.

05,
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Application to B; — ™
Current experimental and theoretical status for the branching ratio
B(Bs — ptp7 ) Laoviriomsis =  (3.00£0.5) x 107°
B(Bs — pfp7)sm = (3.57+0.16) x 107°
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There is room for NP!

|P;,| and |S;,| not uniquely determined.

To pin down more precise values for
S S
|P;,| and |S},|
more information is needed.

05,

Can we do better?.
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Application to B; — ™
Current experimental and theoretical status for the branching ratio
B(Bs — ptp7 ) Laoviriomsis =  (3.00£0.5) x 107°
B(Bs — pfp7)sm = (3.57+0.16) x 107°
Electromagnetic corrections below my, lead to effects of about 1% to the SM value.

M. Beneke, C. Bobeth and R. Szafron, Phys. Rev. Lett. 120 (2018) 011801, arXiv:1708.09152 [hep-ph].

R | —0.84+0.16

Combining theory and experiment for the branching ratio we extract:
=]
KH | LHCb'174CMS J

There is room for NP!

|P;,| and |S;,| not uniquely determined.

To pin down more precise values for
S S
|P;,| and |S},|
more information is needed.

05,

Can we do better?.

e potentially YES!.
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The observable AX

The untagged decay rate give us the observable AAFS

(M(Bs(t) — £7¢7)) M(B(t) — £F¢7) + T(BY(t) — £+47)
x et/ [cosh(yst/rgs) + AR sinh(yst/TBS)]
.AZA[r is sensitive to P}, and S3,

|3, |2 cos(2pff — 617 — IS, cos(2 — 41)
P2+ 153

e _
Aar, =

Model independent relation —1 < .A‘A[rs < +1 in particular ‘AZAZI’S‘SM = +1. J

Equivalently to .A%rs, the Effective Life-Time is given by

o= fo t(T(Bs(t) — £747)) dt 1 1- ysz)TZe — (1 + y2)7s,
T [TR(B(t) — L)) dt ¥s 275, — (1 — y2)75,
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Experimental status of A}

For BY — ptp~ transitions

7B _ (1.61 4 0.01) ps.
1= Vs

Toplsm =

First measurement: 75 = [2.04 £ 0.44(stat) & 0.05(syst)] ps. = A\[ = 8.24 +10.72
LHCb Collaboration, Phys. Rev. Lett. 118, 191801 (2017), arXiv:1703.05747 [hep-ex].

LHCb

—— Effectivelifetimefit

s

Weighted B® — p*u candidates/ (1 ps)

Decay time [ps]
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20 r o= H Hp
Combining B(Bs — p' ™) with AXr
Summarizing our knowledge on B — utpu~

. B(Bs — 't u7)|, o
= ’LHC =0.84+0.16

+u— p—
" BB — )|

SM
ARY L = 8.24 £10.72  consistent with —1 < AXL <1

Improving the measurement of A{" will provide a more precise determination of P;,,, S5, J

Our first results are derived considering <pf;,£, cpgz € {0, 7}. For a generalization see ahead...

———— AN =-10

------ A, =00

———————— Al =410

e
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Learning about:
By — pup~
Bsg — eTe”
Bsg — 777"

from Bs — ptp~
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Strategy

Universal

(

New Physics

L

07 < BBamtu) < }

B(Ba—ptp)sm —

Scenario

= B(B.a—ete )sm —

0 < PBuameled) 95905 ]
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Strategy

B(Ba—ptu)

LA
Experiment
Universal
[ P,':w Sfm ] New Physics
Scenario
Theoretical
Range

1< A <41

< = <
S BBawraem = 1 J

B(B.a—eter) 5
[ 0= B ameteron = 2% 10 ]

@ Based on the experimental and SM calculations of B(Bs — ut ™)
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Strategy

Universal
New Physics
Scenario

[ B(Ba—utu)
L 07 = B(Ba—ptp)sm £ L J

Range

- i ] B(B.a—ete) 5
1< Ay, < +1 [ 0< g5t <2 10 ]

@ Based on the experimental and SM calculations of B(Bs — ;171 ) determine Ei”.

@ Allowing —1 < Aj; < +1 estimate the range for P, S .
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Strategy

Universal
New Physics
Scenario

( B(Baut i)
L 0.7 < BlBamnt i don = il J

Range

- T B(Baa—ete) 5
1< AR < +1 [ofmgww]

@ Based on the experimental and SM calculations of B(Bs — ;171 ) determine Eiﬂ.

@ Allowing —1 < Aj; < +1 estimate the range for P, S .

, ,
o pp or s
@ Extract CL" — C/'" and CpF — CJ71.
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Strategy

Range

1< A <41

Universal
New Physics
Scenario

B(Ba—n'n ) <
| = BBa—wFusm = L

B(B.a—eter)
= B(Bia—eFe)sm

[0

SZXIO*”]

@ Based on the experimental and SM calculations of B(Bs — ut ™)

@ Allowing —1 < AZ*F) < +1 estimate the range for P¢

, ,
o pp or s
@ Extract CL" — C/'" and CpF — CJ71.

@ Make an educated assumption on how Cél’,’

o Tetlalmatzi (Nikhef)

n
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Strategy

Universal
New Physics
Scenario

( B(Baut i)
L 0.7 < BlBamnt i don = il J

Range

- T B(Baa—ete) 5
1< AR < +1 [ofmgww]

@ Based on the experimental and SM calculations of B(Bs — ;171 ) determine Eiﬂ.

@ Allowing —1 < Aj; < +1 estimate the range for P, S .

, ,
o pp or s
@ Extract CL" — C/'" and CpF — CJ71.

n

@ Make an educated assumption on how Cgl’,’ correlate with Cg)/;v and Céi)/fs.

Evaluate the impact on: By — ptp=, B2, — 777~ and B ;, — eTe™.
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Strategy

Experiment
Universal =
: B(Ba—ptp—
(e S ) N e [ O € gl < il J
cenario
Theoretical
Range

SI< AR <41 [0

B(Bs.a—eteT)
= B(Bia—eFe)sm

SZXIO*”]

@ Based on the experimental and SM calculations of B(Bs — ut ™)

@ Allowing —1 < Al < 41 estimate the range for P, S; .

mpe?

B gor P "
@ Extract Cc" — C/'" and CpF — CJ7.

@ Make an educated assumption on how Cé)F’,'

@ Evaluate the impact on: B — ptp, Bso,d — 7t

n

correlate with Cg‘);" and Cg‘);e.

— 0 4+ -
T andBS’dHe e .

q ] e ~Opp _ ~O)T _ ~(N)ee
Here we will explore the simplest possibility: C po= CS_’ = CS,P .

5

P

We will call to this model: Universal New Physics Scenario.

R. Fleischer, R. Jaarsma, G. Tetlalmatzi, JHEP 1705 (2017) 156, arXiv:1703.10160 [hep-ph]

determine R’

pper
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Universal New Physics Scenario effects on BY — it~

Vts
Vid

2B(BY — ptpu”)
B(B2 — ptu~)

ds —

|Pﬂu|2+|sgu|2 (st)z
Hp = |Pf2u2+|sfm2

fs,

Uﬁ;‘SI\'I =1 Useful to test consistency with Universality.

0.66 x 1070 <B(By — utp~) <114x 1070 = 065<R,, <111

0< P, Ps, <0

——

- utn
=
B,

Bl i)

LHCh'17
+eus

LHCh'17
+eus nto |

B Teeiot
BB, -ty
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Universal New Physics Scenario effects on BY ; — 777~

Standard Model Experiment (LHCb 2017)
7 + - _ -7 _
B(B. — 1 )‘SM* (7.56 + 0.35) x 10 B(B. — r77) < 6.8 x 10~ (95% C.L))
B(Bs — 7777)| = (214 £0.12) x 107° B(By — tt77) < 2.1 x 1073 (95% C.L.)

The NP effects in the p are mapped out to the 7 through:

m m
ps — (1 - m—”) Cot TEPL,  Si=

-

m, suppresses the NP contributions.

M _ 0.059

ms
08<R._<10 0.995 < AT < 1.000
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Universal New Physics Scenario effects on B, — ete™
Standard Model Experiment (CDF 2009)
B(Bs — e+e’)|SM: (8.35+£0.39) x 107 B(Bs — ete™) <2.8x 1077

In the SM B(Bs — ete™) & m? = helicity suppression

Gilberto Tetlalmatzi (Nikhef) [ Theory of leptonic rare B decays B — £1 ¢~ May 10, 2018 18 / 33



Universal New Physics Scenario effects on B, — ete™
Standard Model Experiment (CDF 2009)
B(Bs — e+e’)|SM: (8.35+£0.39) x 107 B(Bs — ete™) <2.8x 1077

In the SM B(Bs — ete™) & m? = helicity suppression

Universal New Physics Scenario

my, . . m
:(1— ;)Co-i- PMI See: ®
e e
B —206.77
me

me amplifies the new physics contributions.

For the analogous case in leptonic B decays see G. Banelli's poster.
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Universal New Physics Scenario effects on B, — ete™
Standard Model Experiment (CDF 2009)
B(B; — ete7)|,= (8:35+0.39) x 101 B(B: — ete) < 2.8 x 107

In the SM B(Bs — ete™) & m? = helicity suppression

Universal New Physics Scenario

my, . . m
e e
B —206.77
me

me amplifies the new physics contributions.

For the analogous case in leptonic B decays see G. Banelli's poster.

B(Bs — ete™)

0<B(Bs —efe)<14x107% 0< —
B(Bs — e*e*)|

< 1.7 x 10°
SM

FACTOR OF 20 BELOW CDF BOUND
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Universal New Physics Scenario effects on B, — ete™

LHCb'17
+ CMS

e B0 ] o
s T
[ . A =0
I | =l
7 = 7E(B,, — ptu)
T BBy s )su
Standard Model Experiment (CDF 2009)
—_ - . _
B(By — e"e7)| = (2394 0.14) x 107 *° B(By — ete) <83 x 107

Universal New Physics Scenario 0 < B(By — ete™) < 4.0 x 10710,
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Universal New Physics Scenario effects on B, — ete™

1071 | i . i
2017 Y LHCD limit 1
2009
104 | 2013 imit |
CDF Dimit CDF limit |
107 SM B
2017 LHCb Universal
10710 |- + CMS & SM New Physics
Scenario
ol _____ SM |
ol BBi= 7)) BBy ptpT) BB, ete)

Dramatic enhancement: motivation for experimental searches

A measurement of B(B; 4 — ete~) would be a signal of new physics!
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Assessing the effects of
CP Violation phases in Bs — u ™
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CP Violation in rare B decays

Previous assumption : ", " € {0, 7}
What would be the smoking gun of New CP violation phases in rare decays?

It is possible to develop a strategy sensitive to New Weak phases in rare decays!

CP violation effects in hadronic decays see K. Vos talk.

CP violation effects in leptonic and semileptonic decays see G. Banelli’s poster.

Consider the time dependent asymmetries

F(BY(t) — pipy) —T(BYt) — pipy)  C), cos(AMst) + S, sin(AM;t)

_ |

F(BO(t) — piny) +T(BAUt) — pipy)  cosh(yst/7s,) + Ap sinh(yst/7s,)

A: lepton helicity.

.. . . >\ A >\
Non trivial ¢p and ¢s can be unveiled using 'AAI'S' S G

R. Fleischer, D. Galarraga, R. Jaarsma, G. Tetlalmatzi, Eur.Phys.J. C78 (2018) no.1, 1, arXiv:1709.04735 [hep-ph].
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CP Violation in rare B decays

C

glm = _e i®s |:ei¢CP(Bs) A(Bg - MI’U';)
A A(BY — i)

1— g8

A - B D S P S
12723 1+‘£§u‘2’ 1% 1+‘§§u‘2’ Al — 1+|€§W|2

2Im ekt

S/\ = A pp —

2Re&i"

Time line for the determination of the CP asymmetries

‘Q(Bs—’#"'#_)‘ﬂ ‘Q{IZ;} }—’{ Suu }—'{ Cgfm ‘

t }

Time information Tagging Muon helicity

2014

Gilberto Tetlalmatzi (Nikhef)

i i
1 L)

2017 ?
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Scalar and pseudoscalar contributions to CP Asymmetries

Sensitivity to scalar and pseudoscalar NP contributions.

2|PS|cos(pr —ps) | _

N, = o | T 2 = G,
e PTTIPES ISP e
o |PRsin@pr — 6YF) — [SPsin(2es - 6F) _
e = PR+ ISP = Sun
e _ |P|2 cos(2pp — ¢1F) — |S|? cos(2¢ps — ¢NT) = qun
A, PR+ ISP = Aar:

In the SM: AZAF’”WL =1 Cu,u = Suu =0
CP-asymmetries are theoretically clean, free from the hadronic parameter fg.

Cup, Spp, Aup helicity independent.

The three observables are related through:
M N2 2 2 _
(AAr,)" + (Suu)™ + (Cup)” = 1.
A. J. Buras, R. Fleischer et al., JHEP 1307 (2013) 77, arXiv:1303.3820[hep-ph]
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CP violation in the SMEFT

Basic relations between Scalar and Pseudo-scalar Wilson coefficients
, '
pH_ o i~ pp
Cr = -C¢ " =

R. Alonso, B. Grinstein and J. Martin Camalich, Phys. Rev. Lett. 113 (2014) 241802, arXiv:1407.7044 [hep-ph].

Change of parameterization x = |x|e’® = A el(®s=8s) ¢y = Clgngcll° =1+CNP
10
; 1 |1+4|x|ed ;
S—|Sle"s P = |P|cosgp +i|P|singp = Cro — + | LI | gpgies
w [ 1—|x|ed

The new parameterization makes obvious symmetries between different scenarios.

Example between the cases:

C;’”' =0 (x=0)and C/* =0 (x = 00).

Using experimental data from B — K()¢+¢~ decays we may determine Cig

This establishes an interesting bridge with the Flavour Anomalies:

R}((*) (quark level transition b — s¢*¢™)
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CP Violation in leptonic rare B decays

Strategy for the determination of ps and |S]|

Further

|S|(es) experimental

data

ISl ¢s

Sign information
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CP Violation in leptonic rare B decays

Experimental aspects
AZ‘FS =0.58+0.20, S,,=-080+0.20, C,, =0.16=+0.20
Deviations from the SM
AZ‘FS: 20, Sup: 4o, Cuu: lo
- 2 & B ALK
X2 fit to R and AL~ X fit to R, Agr, and Sy

T T T 10 R A% S
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Non-zero value for |S| at 3 o level Non-zero value for |S| at 5 o level

1 o allowed regions

Exciting prospects for the ultimate precision era!
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Conclusions and outlook |

@ Rare decays BY — (t¢~ for £ = p, T, e

Theoretically very clean, QCD information only in f; with O(2%) precision.
Ideal to search for NP effects from scalar and pseudo-scalar particles.

Also sensitive to vector-like particles Z’, ...

o E(Bso — eTe™) forgotten by the High Energy Physics community.
In the SM B(B? — ete™) oc m? extremely suppressed (helicity suppression).

Helicity suppression can be lifted by NP scalar and pseudoscalar particles.

@ B(B? — utp~) has been measured by LHCb and CMS.

@ B? & B? mixing gives access to the observable ALY .

@ First pioneering determination of AW by LHCb.
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Conclusions and outlook Il

@ Using the Universal New Physics Scenario (lepton flavour independent)
we have mapped out NP bounds from B(B? — uu~) on
By — pTp~ = small suppression in B(By — 1) respect to the SM.
Bs,g — 777~ = NP effects are suppressed by m,/m; in B(Bs,g — 777).
Bs,4 — eTe™ = potential enhancement of NP effects due to m,,/me in B(Bs,g — eTe™).

— Search for B; ¢ — eTe™ at the LHC, a measurement would imply NP!

@ Processes B; g — ¢T¢~ can unveil the presence of NP sources of CP violation.
This entails the interplay of the CP asymmetries: .AZ*FS, Spp and Cpy.

= Improve the measurement of AXY , paramount in the search for NP phases.
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Conclusions and outlook Il

@ Using the Universal New Physics Scenario (lepton flavour independent)
we have mapped out NP bounds from B(B? — uu~) on
By — pTp~ = small suppression in B(By — 1) respect to the SM.
Bs,g — 777~ = NP effects are suppressed by m,/m; in B(Bs,g — 777).
Bs,4 — eTe™ = potential enhancement of NP effects due to m,,/me in B(Bs,g — eTe™).

— Search for B; ¢ — eTe™ at the LHC, a measurement would imply NP!

@ Processes B; g — ¢T¢~ can unveil the presence of NP sources of CP violation.

This entails the interplay of the CP asymmetries: AR , S, and Cpy.

= Improve the measurement of AXY , paramount in the search for NP phases.

Rare B decays are an exciting subject of study (theory & experiment)!!
Rich an interesting physics structure, not only about branching ratios, also CP asymmetries...

They have the potential to reveal interesting effects in our quest for NP.
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Generic Approach

Gilberto Tetlalmatzi (Nikhef) [ Theory of leptonic rare B decays B — £7 ¢~ May 10, 2018 31/33



Generic Approach

@ Using the expressions for AX{ and S, calculate wp(ps).
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Generic Approach

@ Using the expressions for AX{ and S, calculate wp(ps).
@ Calculate |P| and |S] as a function of AQf (or Suu), ¢s and r(R).
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Generic Approach

@ Using the expressions for AX{ and S, calculate wp(ps).
@ Calculate |P| and |S] as a function of AQf (or Suu), ¢s and r(R).

cos bs + ALK cos dp — ALK
Pl = (“s Y el K

cos ®s + cos ©p cos Pp + cos b

bp =2pp — ¢, b5 =205 — YT,

s s

:[ 1+ys

o |[R =P+ S
1+Ag’;j

Gilberto Tetlalmatzi (Nikhef) [ Theory of leptonic rare B decays B — £1 ¢~ May 10, 2018 31/33



Generic Approach

@ Using the expressions for AX{ and S, calculate wp(ps).
@ Calculate |P| and |S] as a function of AQf (or Suu), ¢s and r(R).

cos bs + ALK cos dp — ALK
Pl = (“s Y el K

cos ®s + cos ©p cos Pp + cos b

bp =2pp — ¢, b5 =205 — YT,

s s

,[ 1+ys

= | |[R=IPP+ISP
1+Ag’;j

R. Fleischer, D. Galarraga, R. Jaarsma, G. Tetlalmatzi, Eur.Phys.J. C78 (2018) no.1, 1, arXiv:1709.04735 [hep-ph].
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Generic Approach

Example

R=084, AW =037, S,,=071, Cu, =060,

or ldee]

1.0 T T T T

0.8 08 B
06 06 1

S| 1P|
04r 04 4
02 02r B
0.0 . L v L 0.0
-180 -120 -60 o 60 120 180 -180 -120 -60 0 60 120 180
@s [deg] o5 [deg]

Lower bounds for the Scalar and Pseudo-scalar contributions. Non trivial
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CP Violation in leptonic rare B decays

Working example

AZ‘FS =058+0.20, S,,=-080+£0.20, Cu.=0.16+0.20
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CP Violation in leptonic rare B decays

Working example

AZ‘FS =058+0.20, S,,=-080+£0.20, Cu.=0.16+0.20

favar }ﬁ TAlTa
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CP Violation in leptonic rare B decays

Working example
AZ*FS =058+0.20, S,,=-080+£0.20, Cu.=0.16+0.20

ARF, =058 Spp = —0.80
SVAav \\F S

[Cwl =1
10 =10"
4—1% 120 60 o 60 120 180 -60 o * 60 120 180
s [deg] @s [deg]
1 _ o (@ _ o ,B) _gg0 (@) _ 1960 1) _ 1960 ,3) _ g0
s 77126’¢$ 7754,4;5 754,905 =126 pg' = 126,<ps =54
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CP Violation in leptonic rare B decays

Working example

ARE = 0.58 £ 0.20,

1
05
AL,
o [Ciol =1
10 =10"
4—1% -120 -60 0 60 120 180
s [deg

(1) _ 1569 @ _ g0 B _gg0 @ _ 1pg0
P = 126 Lpgl = 54 P = 54 P = 126

Gilberto Tetlalmatzi (Nikhef)

Cpup = 0.16

S

Sy = —0.80 +0.20,

Cpup = 0.16 £ 0.20

Spp = —0.80

05| [— Jo| >

—=0

[Ciol =1

10 =107 H

-10
180

120

0

[Ciol =1
P10 =0"

—‘-130 -120 -60 0 60 120
s [deg]
(3) _ gq0
Ps = 54
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