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Bs — puy decay
@ Sensitive to a larger set of Wilson coefficients (G, Co, Cip) than By — ppu
(only Cio)*.

@ On the one hand, the photon lifts the helicity suppression of Bs — pup,
partially compensing for the additional QED interaction,

@ On the other hand, suffers from large theoretical uncertainties due to form
factors of the By — ~ transition?.

@ An upper limit was set recently by the LHCb experiment3:

B(Bs = 111)[4.9:6.01ev,1sr < 2.0 x 107° (1)

1 focusing on those related to b — s anomalies.

2 Kruger and Melikhov, arXiv: hep-ph/0208256 (hep-ph), 2003.

3 Aaij et al., arXiv: 2108.09284 (hep-ex), 2021; Aaij et al.,arXiv: 2108.09283 (hep-ex), 2021.
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Bs — puy decay
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Figure: Bs — uuy Initial State Radiation (ISR), hatched circle is Co/ Cio, empty circle is
G.
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Figure: Bs — uu~y Final State Radiation (FSR), hatched circle is Co.
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Bs — puy decay
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Figure: Bs — ppy differential branching fraction with the dimuon mass \/q? = MgV/3.
Blue line: g2;, from the recent B, — uu analysis, red line: possible g2, for a dedicated
Bs — ppy analysis. Theoretical prediction from flavio.
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Untagged decay rate

The untagged decay rate is defined as

(T(Bs(t) = ) = T(BXt) = )+ T(BJ(t) > f) = / (MAr() + | Ar(1)?)

PS ’
(2)
and is related to the effective lifetime T:H :

f))dt 3

Phase-space integral:

-
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Untagged decay rate

By working out the previous expression:
t t
(T(Bs(t) = f)) o [cosh (f) + Alyr_sinh (}fsﬂ , (5)

with AfArs defined as:

Re (q/p ArAj)
Ay — s L 6
Al fps |.Af|2 ( )

&) -0
and ys = Als/(2s) =~ 0.06, Ar instantaneous amplitudes of decay of B..

Finally, A%\ is related to the effective lifetime by:

1+ 2A° +y2
I Ts ( ArYs T Vs - (7)

off = 1- }/s2 1+ AfArSYS
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Interest of AfAFS

Let's look at this expression:

Ay, = - desBelalped) )
: Jos | Af2
@ The Wilson coefficients enter as
|Af[* o |Gof?,[Caol? (9)
.Af.A? X (Cg)27 (C10)2 5 (10)

such that if the Wilson coefficients have complex phases, they will appear in
the latter, and not in the former.
— Sensitive to new physics in phase of Wilson coefficients.

@ g/p exactly cancels the CKM phases dependence of AfA?.
@ Ratio observable: might expect a cancellation of uncertainties.
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Choice of NP scenario

We want to study the “ability” of Aj\;” to disentangle different NP scenarios.

Scenario v CRE

SM 0 0

Gy —1.0—-0.9/ 0 . (11)
Cio 0 1.0+ 1.4

Cut —0.7— 1.4/ 0.7+ 1.4

SM values || Co =4.327 (o = —4.262
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ARf! at high-¢°

Then, A" depends on the phase-space integration range that is used (set by the
experimentalists). In the high-g® region, we define

/Ps N /1 /e ’ (12)

and we compute ARTY with varying 3., the lower bound of integration.

Note: § = #
B

Camille Normand (LAPTh/LAPP, INFN Cagliari) On the effective lifetime of Bs — -y November 3rd, 2022 GDR-InF workshop 12 /26



Sources of theoretical uncertainties

There are two main sources of uncertainty:

@ Broad charmonium resonances:

v rY
G — G — 7CZ| v]e isy v B(V — p ) T,

; (13)
§° — mv + ’mVrtot

with |nyv| € [1,3] and dy € [0, 27].

$(2S), ¥(3770), 1(4040), 1(4160) and 1 (4415)
= {0.47,0.49,0.57,0.61, 0.68}

4 Janowski, Pullin, and Zwicky, arXiv: 2106.13616 (hep-ph), 2021.
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Sources of theoretical uncertainties

There are two main sources of uncertainty:

@ Broad charmonium resonances:

or - o my BV = utu) Y
G G~ 2 pylenv BN 2 ) e g
o Vv q _mV+’mVrtot

with |nyv| € [1,3] and dy € [0, 27].

$(2S), ¥(3770), 1(4040), 1(4160) and 1 (4415)
= {0.47,0.49,0.57,0.61, 0.68}

@ Form factors, which describe the B; — ~ transition. In this work, we use a
recent parametrization* from Light Cone Sume Rules (LCSR), with estimated
errors and correlations between the form factors.

4 Janowski, Pullin, and Zwicky, arXiv: 2106.13616 (hep-ph), 2021.
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Results for A”’”
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Figure: A“‘“’ prediction in the kinematic interval [$min, 1]. The blue vs. yellow bands
refer to the f. error, and respectively on the uncertainty associated to the modelling of
broad-charmonium resonances.
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Near-cancellation of broad-charmonium

iy BV — ptu) Y,

Co — G — ch| v]ev

G> — mv + ImVrtot

Shift to Co = O(4% x Cy); yet, error from broad-c¢ < 1%
— Two main factors:
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Near-cancellation of broad-charmonium

iy BV — ptu) Y,

Co — G — ch| v]ev

G> — mv + ImVrtot

Shift to Co = O(4% x Cy); yet, error from broad-c¢ < 1%
— Two main factors:

@ resonances = limited kinematic region of the spectrum.
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Near-cancellation of broad-charmonium

iy BV — ptu) Y,

C9—>C9——CZ| v]ev (14)

G> — mv + ImVrtot

Shift to Co = O(4% x Cy); yet, error from broad-c¢ < 1%
— Two main factors:

@ resonances = limited kinematic region of the spectrum.

@ shift only to Co + accidental equality Co(mp) = Cio(mp) — cancellation
between numerator and denominator = ‘“ratio observable” property of AZ’FZ.
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Near-cancellation of broad-charmonium

Vv rY
C9—> C9—7C2| |l§\/mvB( _>:U‘:U‘) tot.

G> — mv + ImVrtot

Shift to Co = O(4% x Cy); yet, error from broad-c¢ < 1%
— Two main factors:

@ resonances = limited kinematic region of the spectrum.

@ shift only to Co + accidental equality Co(mp) = Cio(mp) — cancellation
between numerator and denominator = ‘“ratio observable” property of A“’”

Estimation of these resonant contributions would otherwise be very challenging.
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Conclusion

@ New observable, reachable in a medium term (Run 3), with a sensitivity to
complex phases in the Wilson coefficients suggested by b — s transitions
data.

@ Very low (sub percent) pollution from broad-charmonium uncertainties.

@ Cancellation of form factor uncertainties is not as efficient,

@ but, these uncertainties can be hoped to be reduced with improvements on
form factors estimation.
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Bs mixing

|BLw) = p|BY) +q|BY),
2
(q> = e (1+a),

p

Ty+T
AM, = My — M, , rsz%, ATy =T, Ty, (15)

a~ Agr, ~ —3.5x 1073
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Global fits
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Figure: 1o constraints on the NP Wilson coefficients.
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Shift to Gy
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Figure: Blue solid line: mean of |dcz|/ Co,sp as a function of §, obtained from a uniform
scan to |nv| € [1,3] and dv € [0,27). Dashed orange line: mean plus 3 times the

standard deviation.
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Bs — ppy Lagrangian

4Gr (<&
Het = —n (Z()\UC;O,‘-’ + A GOY) —

V2

i=1

discussion read

Of = (%7, )(@° 7" b7) ,

€ = 1%
07 = 1672 mp50,, F" br

2
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where \; = VZ Vi, and V the CKM matrix. The operators relevant to our
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i(cioi + C;/Of)> :
(

i=7
16)

07 = (§a7uqf)(c_7’67“bf) )
g = ng

Og = T;meSUWG‘ bR, (17)
2

e
O = Tor —— (5vub) (" s0)
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Bs — ppy amplitudes

_ G .
Apg(B] — ) = 72\/“)\/1'52

{- QIZSCY (1(k, €)150,, (1 + 75)q” b| B (P)) d(p2)7"v(p1)

+Go (1(k, 157 (1 — 75)b1BY(p)) (p2)r" (1)
+Cuo ((k 5741 — 35)IBE(p)) B(p2)r"35v(p1) } ,(18)

ABrems = \Gthth S5 —e X¢fg, 2my, Cio
{oe) (5 - ) e} 9
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Form factors definition

eeuk*qk FV(q2)
Mg

s

(7(k, A)|57*b| B (q + k))

Fa(q?)

ie (A*# qk — k* )\*q)T& 5

(v(k, \)|5v"~5b| BY(q + k))
(v(k,X)|50" bq, |BY(q + k))

(v(k, N)[50""5bg, | BX(q + k)

ie E“/\*quTV(q2a 0) )

e (A" gk — k" )\*CI)FTA(CI27O)7 (20)
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Explicit formula for Ay}’

AT [ d8dcosd f(8,17]) Re (q/pAuMAuM) (21)
Als Jdsdcos £(3,i2) | Al ’

. . 1 .
we can perform the integration f_l d cosf. We obtain

7,9,10
/dcos@ Re (q/p Ay As,) = [N Z Re(f; G C)) (22)
ij
and
7900
[ deost ol = W S Re(GG). (23)
iJ
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Explicit formula for Ay}’

16

fr7 = 3 — Mg i 27_‘_?2 (F2a—F3v). (24)

= 16 2@+ 5 _

fr7 = 3 — Mg, i 2272(|FTA|2+‘FTV|2)7 (25)
4 . o

bo = ML + 9)(Fho — Fio). (26)

_ 4 o

foo = 3M§5X2(2mi +8)(|Faol® + [Fvol?), (27)

4ME x?

fo10 = — —2 (477, — 8)(FA10 — F¥ 10) (28)

_ 4Mf§ x? o 4 5 5

flolo = — *— (4171, — 3)(|Fa,10l” + [Fv,109), (29)

3
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Explicit formula for Ay}’

fro+fo7 = fMgsfﬁbxzml?_(FTAFAg—FTvFvg) (30)
10 GGCs + o7 GG = ?Mésrﬁbxz 2'"*2;5

x Re [FraCr (FaoGo)* + Frv G (FvoGo)*] . (31)
Frio GrClo + o7 Cuo Gy = 128 f, M3, i at%n()Re FrvG Gl . (32)
oo CoClo + Fioo Cio Gy = 64 fg, M3, 17 ata"( ?) Re [FyoCo Gl (33)
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