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Beyond the Standard Model

* The Standard Model is very successful,
but not complete:

*  Dark matter
“  Baryon asymmetry

* Hierarchy problem

* Many theories about New Physics

* Experimental searches at High-energy and High-precision
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B-physics experiments

B-meson decays offer a rich field of high-precision SM tests.

Main experimental players:
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Rare 5-meson decays

Decays mediated by b — ¢ ¢~ transition

“ Semileptonic transitions, e.g. * Leptonic transitions:

= See plenary talk by M. Merk = This talk




Rare Leptonic A-Decays

+ Decays of type BY, — £*¢~
# In SM helicity suppressed: branching ratio & m?

* Theoretically clean, all hadronic physics described by
single non-perturbative parameter: fz_, (decay constant)

* Possible New Physics contributions:




Theoretical description

Effective Field Theory: integrate out heavy d.o.f. (SM & NP)

Decays described by low-energy etfective Hamiltonian:

4 € {d.s)

Z o oV, (CL0,+CUO0:+C Ot CLOL+C OGOt hie

Effective 4-point interactions OIQ. In the SM only

1 z
Oy = 5(%(1 — 15)b) (Y yst)

with real short-distance coefficient Clséw

17 :
NP operators O10 = 5(qyﬂ(1 + 75)D)(CyHysC)
1 - 1 &
05 = —my(G(1 £ y5)b)(Z¢) 0p) = —my(G(1 £ y5)b)(7st)
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Amplitude

» From effective Hamiltonian to amplitude:

ABY > £7¢7) = <f;f; B2
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Branching ratio

Experimental measurements refer to time-integrated, untagged,

helicity—summed rate: BB, ¢ = %ro <F(Bq(t) = f+f—)> dt
0

Theorists usually consider untagged rate at t=0:
BB, £+ Ve = (TBD) = 7)) |,

— 1+ 955y,
Convert using %(B, » £+¢7) = : | BB, = £ oo
[Phys. Rev. D 86 (2012) 014027; =

Phys. Rev. Lett. 109 (2012) 041801] 3 0

<: AT |
|y, =1073, y, = 2rs = 0.0645 = 0.0045 2‘

|

~Matters for By decays ] J'

We then obtain : . i soays
S 5% - 1 + ﬂi?qu - S 2 : 2

> ; j
FB, i) = |Clo ViV 1" f5 Mp mz(| PLI"+1SL,1%)
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Experimental status of B, decays

» BB, — pu*u7) is well-established: Theoretical prediction in the SM:
BB, - utu)=3.0£05)x 107 BB = w )= 35710 16) < 10

Pioneering measurement of

effective lifetime: 0 9017 Y LHCb imit
Z2 7 2009
= Q[’Z’L;S =824 + 1072 10-4 CDQP(’)ll?mit CDF limit
. : e 10-7 , SM Y Y
LHCDb limit on B(B, - t777) f
: f 2017 LHCb

4 orders of magnitude from SM + CMS & SM

: : === - SM |
Limit on B(B, > eTe™) from 2009 " |
6 order ot magnittide fromrSVl (= Ble e BG i) Bl o))

= has since been forgotten
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How much room for New Physics is left
in the branching ratios of

B, - tt"and B, —> eTe?

10



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

Constraints on short-distance coefficients

+ Useful to introduce:

s =g gyl
7= = = (lpffl +|Sff| )
BB, > £ )g\ 1+,

N T T T T T T T T T T T (] T T T T T T T T T T T 7]
- *

« Experimental value

w0 =0.84 £0.16
LHCb'17+CMS S e
e L e e . |
vields eitenilar comstraine. 7 D\ =t o o [ Toe Ak =00
-------- A = +1.0

in P}, — S, plane

?\' I | I ! I I | ! ! I I 1 I 1 ! ! | I I I I | I ‘\\7
-1.0 -0.5 0.0 0.5 1.0
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R. Fleischer, R], G. Tetlalmatzi-Xolocotzi; JHEP 1705 (2017) 156 [arXiv:1703.10160 [hep-ph]]

Universal New Physics Scenario

[ B(Bs — ptp™) ] o A E =
B e Bt [ BB = e o }
E(BS—>T+T_)SM
\E‘Xperiment Experiment
£ ) 2 ( Universal
[ e ] { Briao } > New Physics
0 Scenario
M Theoretical
y Range = T
[ 0= 2 ]
s s ere SM
[ B(B. =y )sm | L =T

« Assume short-distance coefficients are lepton-flavour universal

s Consider T <tgfic = f |

« Evaluate effect on B, > 77t~ and B, — eTe”
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R. Fleischer, R], G. Tetlalmatzi-Xolocotzi; JHEP 1705 (2017) 156 [arXiv:1703.10160 [hep-ph]]

Implications for B, — 777~

* In the Universal New Physics Scenario:

. - e
P’LA:T= 1—_ Cglo"‘_PS S’LA:T: ; S/i//‘
m, m, o i
e
“ NP suppressed through
mﬂ
= = 0
mT
which yields:
g8 R [0
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R. Fleischer, R], G. Tetlalmatzi-Xolocotzi; JHEP 1705 (2017) 156 [arXiv:1703.10160 [hep-ph]]

Enhancement of B, — e™e

+ We now obtain the coefficients:

m;
s A o s s Uy = 4M’%S s
Pee= 1—_ Cglo"‘;P See: = o Sﬂ/“‘
e e e\ 1-4—
MBS
« NP enhanced through
m//t
— =206.77
m

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

Enhancement of B, — e™e

# ComparetoB. — u 'y :

L)
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BB, - prp)
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/ /Uppei‘ bound 01 a factor
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What other observables may reveal
New Physics effects?
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Observables for B, —» u*u~

— _ A
BB, — pru”) P A Zﬂrs = CS)/W = Cgﬂﬂ
Time information Tagczging Muon ]:nelicity
2014 2017 ? 2

»  CP violation — allow for a complex P and S:
P=|P|le%, S=|S|e?s
¢+ B)—BY mixing — time-dependent rate asymmetry:
B > pfe) —T@BYG) > pfp;)  Eh,cos(AMD) + S, sin(AM 1)

LBt — ufur) + T(BXD) — pjup)  cosh(yt/zy) + o ar, sinh(y,t/z5)

Nik|hetf
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Observables for B, —» u*u~

» Observables are given by:
| P|*cos 2¢p — | S| cos 205 sm

il = > -1
7 PI*+]SI*
o _ IPIsingp—|SI"sings su
pp D ) 5
P> +]S|
2| PS | cos(pp — ¢s)

* Non-zero value of &', or ¢, , unambiguous signal for
New Physics!

» BEquivalent for B, decays, but @fi?d not accessible.
18



R. Fleischer, D. Galdrraga Espinosa, R], G. Tetlalmatzi-Xolocotzi; Eur. Phys. |. C 78 (2018) 1 [arXiv:1709.04735 [hep-ph]]

Experimental aspects

+ The coefficients can be determined in certain scenarios, e.g.

10 - Bl {_ =0 } ] e em A {_ =0 } :

— |z| 00 | -

0.8 - 0.8

0.6 : 0.6

‘S‘ : O A : |S| :
| ! & ! i 1 L
04 P P - 04
02 ] 02
““““““““““““““““““““““
~180 ~120 60 0 60 120 180 ~180 ~120 ~60 0 60 120 180
ps |deg] ps [deg]

* HExample with + 0.2 uncertainty for asymmetries

L)

* Pin down|S§| at 5 o level!

L)
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G. Banelli, R. Fleischer, R], G. Tetlalmatzi-Xolocotzi [arXiv:1809.09051 [hep-ph]]; to appear in EP]C

+ Arise at the tree level

+ As for B;) L decavs

+ Hadronic physics
described by /p-

- —
e
”

o
@D
=.
B
@
o
=
=
=
=

+ Helicity suppressed in SM 1\

« New pseudoscalar contributions | _
can lift the helicity suppression

* 98(B~ — e U,) can be enhanced
by up to 4 orders of magnitude
with respect to the SM!

SM
Cop=Cl  Ch=LCl =100
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Conclusions

* Search for new physics in B-meson decays:
High-precision frontier

* Leptonic B-decays have many interesting aspects.

* B, — eTe” received little attention,
now it has moved back in the spotlight.

# Studies of CP violation interesting for LHCb upgrade(s).

* Exciting times ahead!
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Backup slides
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R. Fleischer, R], G. Tetlalmatzi-Xolocotzi; JHEP 1705 (2017) 156 [arXiv:1703.10160 [hep-ph]]
° o _|_ s
Implications tor B, = u™u

For B; > u*u~ we obtain: 0.65 <R < 1.11

2 g2
Bol- S
P P SM
as well as U% = =1 — 097 < U%* <1.00
HHU Ps 5) i SS 5) HHU
HHU HU
1.4x1o-1°j “““““ - ‘A,Z,;FS‘:‘_‘I L, 1.4x10_1°j
1.2x10'10; ARy, =0.. 1.2x10'1°;
_:_1 SM _:_1 [
= 1.x10710- } 3 3 1.x10° 10
T * i g — ol [ |
S f | S
q  8.x107" " - q  8.x10 =
:  LHCb'17 | V.  LHCb'17
6.x107"" i + CMS 1 6.x1o-“,/’/ i + CMS

2.x10° 25x10° 3.x10° 3.5x10° 4.x10°° 2.x10°  25x10° 3.x10°° 35x10° 4.x10°°

B(B, — ptp”) 3 BB )



T'he challenge:

+ We have 4 observables...

BB, — utu), &27/2’%, & 24

pp i

...but only 3 independent:
% 2 2
() +(8,) + (%) =1
* Each can indicate New Physics, but what is its nature?

* We have 4 unknowns: |P|, |S|, @p @q

* How can we establish New Physics?

Nik|hetf
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R. Fleischer, D. Galdrraga Espinosa, R], G. Tetlalmatzi-Xolocotzi; Eur. Phys. |. C 78 (2018) 1 [arXiv:1709.04735 [hep-ph]]

General GP-violating New Physics

* Determine ¢p, | P| and | S| as functions of @s

+ Assume that we have: -
{1S] =030, @g=20", ¢p=30"}> |P|=0.89

* Then the observables are: T G
R=084, " =037 \ \,
$,. =071, €, =0.60 gEEs— 5
= T < L Sl(es)
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R. Fleischer, D. Galdrraga Espinosa, R], G. Tetlalmatzi-Xolocotzi; Eur. Phys. |. C 78 (2018) 1 [arXiv:1709.04735 [hep-ph]]

General GP-violating New Physics

T
* Profound new insights: 2 J J
60 - Chn — 060 i
* New |P|and| S| contrlbu’uons[d -0 ~ 7=
e Yp |dCg [ :
(non-trivial bounds) 60 :
-120 | ’

« CP-violating phases =

HK

P

“ €, solves ambiguity

5| |P|
0.2 B ] 0.2 B ]
00 “““““““““““““““ 00 . . . | . . . | . . . . . . | . . . | . . .
-180 -120 -60 0 60 120 180 -180 -120 -60 0 60 120 180

ps |deg] 26 s [deg]



R. Fleischer, D. Galdrraga Espinosa, R], G. Tetlalmatzi-Xolocotzi; Eur. Phys. |. C 78 (2018) 1 [arXiv:1709.04735 [hep-ph]]

[llustration for x =0, |x| — o
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O — _
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3) —
i P 54
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m— _ o
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R. Fleischer, D. Galdrraga Espinosa, R], G. Tetlalmatzi-Xolocotzi; Eur. Phys. |. C 78 (2018) 1 [arXiv:1709.04735 [hep-ph]]

[lIlustration for A = 0O°

* Another interesting case: A = 0
= same CP-violating phase for Cg and Cg

* R, &'/ and &, areinvariant under
x| > U]x], @5— ps+n

* Again 6, breaks symmetry by overall minus sign
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R. Fleischer, D. Galdrraga Espinosa, R], G. Tetlalmatzi-Xolocotzi; Eur. Phys. |. C 78 (2018) 1 [arXiv:1709.04735 [hep-ph]]

= ()

[lIlustration for A
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R. Fleischer, D. Galdrraga Espinosa, R], G. Tetlalmatzi-Xolocotzi; Eur. Phys. |. C 78 (2018) 1 [arXiv:1709.04735 [hep-ph]]

[lIlustration for A = 0O°
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R. Fleischer, D. Galdrraga Espinosa, R], G. Tetlalmatzi-Xolocotzi; Eur. Phys. |. C 78 (2018) 1 [arXiv:1709.04735 [hep-ph]]

[lIlustration for A = 0O°
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