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Anomalies in semileptonic B-decays:

B— Kutu- FCNC (— loop level) process in the
———— Standard Model
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Anomalies in semileptonic B-decays:

B— Kutu- FCNC (— loop level) process in the
———— Standard Model

B —s Drv Charged current (— tree level) process in
the Standard Model

New physics  explanations favor NP mostly in the third

generation, possible connection to the
SM flavor puzzle!

— large effects in 7, smaller effects in p
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In these cases, one expects large effects from 7 in B — K as well!

What's the sitaution on b — s777
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In these cases, one expects large effects from 7 in B — K as well!

What's the sitaution on b — s777

m B — K717~ experimentally challenging:
Br(BT — KTrt7r7) <2.25-1073
Brsm(BT — Ktrfr7)=1.2-10""

[BaBar (2017), Phys.Rev.Lett. 118 no.3, 031802]
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In these cases, one expects large effects from 7 in B — K as well!

What's the sitaution on b — s777
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Br(BT — KTrt7r7) <2.25-1073
Brsm(BT — Ktrfr7)=1.2-10""
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In these cases, one expects large effects from 7 in B — K as well!

What's the sitaution on b — s777

m B — K717~ experimentally challenging:
Br(BT — KTrt7r7) <2.25-1073
Brsm(BT — Ktrfr7)=1.2-10""
[BaBar (2017), Phys.Rev.Lett. 118 no.3, 031802]
® B, — 7777 likewise:
Br(Bs = 7777) < 6.8-1073
Brsm(Bs — 7t77) =7.73-1077

[LHCb (2017), Phys.Rev.Lett. 118 no.25, 251802 |

There is a lot of room for new physics!
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Invitation

In these cases, one expects large effects from 7 in B — K as well!

What's the sitaution on b — s777
m B — K717~ experimentally challenging:
Br(BT — KTrt7r7) <2.25-1073
Brsm(BT — Ktrfr7)=1.2-10""
[BaBar (2017), Phys.Rev.Lett. 118 no.3, 031802]
® B, — 7777 likewise:
Br(Bs = 7777) < 6.8-1073
Brsm(Bs — 7t77) =7.73-1077
[LHCb (2017), Phys.Rev.Lett. 118 no.25, 251802 |

There is a lot of room for new physics!

Also: Lots of data on b — spu!

Hunting 7-loops in Bt & I\'Jr,u+‘u*


http://inspirehep.net/record/1466440
http://inspirehep.net/record/1516410

Invitation

Idea: Can we probe b — s77 through its loop-contribution to
the b — suu spectrum?
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Idea: Can we probe b — s77 through its loop-contribution to
the b — suu spectrum?

Electroweak loop, but large enhancements motivated by NP
and allowed by current bounds!
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Idea: Can we probe b — s77 through its loop-contribution to
the b — suu spectrum?

Electroweak loop, but large enhancements motivated by NP
and allowed by current bounds!

Based on:

Hunting for B — K77~ imprints on the B — Kyt u~ dimuon spectrum
C. Cornella, G. Isidori, MK, S. Liechti, P. Owen, N. Serra

[in preparation]
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EFT description ( Universitat

4G
Weak effective Lagrangian: Leg = \/f’thVtSZc

FCNC operators:

e
= ——my(50,, Prb) F*"
07 1671'2 mb(saﬂ Rb)
z 62 - z 62
b s b s
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EFT description

Unlver5|tat

4G
Weak effective Lagrangian: Leg = \/f’thVtSZc

FCNC operators:

O7 = #mb(EUWPRb)FW
Oh = (P Oy = Ty (enuPub)By 50
b s b s
Four-quark operators: ! } !
Of = (57, Prq)(qv,Prb) = (5“v,PLd”) (@7, Prb®)
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EFT description

Differential decay rate:

db 2GRV Vil [2 50w o o2 Ama(mE —mi)? ) L, e
@ = W’fﬁ 55 B |Clof+(q )| + W ’clof()(q )’
1 + 2
+r2 (177,3) Cl I (@) + 20— g (q?) }
3 mp + mg

Ingredients for the description:
m Perturbative short distance: matching coefficients C; (1)

= Hadronic matrix elements: form factors f;(q?)
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EFT description

Differential decay rate:

db 2GRV Vil [2 50w o o2 Ama(mE —mi)? ) L, e
@ = W’fﬁ 55 B |Clof+(q )| + W ’clof()(q )’
1 + 2
+r2 (177,3) Cl I (@) + 20— g (q?) }
3 mp + mg

Ingredients for the description:
m Perturbative short distance: matching coefficients C; (1)
= Hadronic matrix elements: form factors f;(q?)

Real world more complicated than that. Introduce:

Cy — C5'(q") = C + Yi(a®)
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Differential decay rate:

9 o Am2(m2 —m2)2 )
{3“252 |ctofe (@] + % ety fola®)|
B

(-5 i

Ingredients for the description:

dr 02, G2 |V Vi |2 wf

dg? 128 5

my + ms

Clfi(q®) +2C7 fr(d®)

mp +mg

m Perturbative short distance: matching coefficients C; (1)
= Hadronic matrix elements: form factors f;(q?)

Real world more complicated than that. Introduce:

Cy — C5'(¢") = € + Yi(a?)

short-distance SM /NP J
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EFT description Universitit

Differential decay rate:

9 o Am2(m2 —m2)2 )
{3“252 |ctofe (@] + % ety fola®)|
B

(-5 i

Ingredients for the description:

dr 02, G2 |V Vi |2 wf

dg? 128 5

my + ms

Clfi(q®) +2C7 fr(d®)

mp +mg

m Perturbative short distance: matching coefficients C; (1)
= Hadronic matrix elements: form factors f;(q?)

Real world more complicated than that. Introduce:
Cy — C§"(d*) = C§ + Yi(a®)
short-distance SM /NP J

long-distance QCD
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Long-distance hadronic effects

Leave it to QCD to make live interesting:

Kt K+
Bt Bt
q E 1%
- I~

I* It

Depending on g2, the intermediate state live at non-perturbative scales

= Hadronic intermediate states rather than quarks.
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Long-distance hadronic effects

Leave it to QCD to make live interesting:

K+ K+
B* Bt

I* It

Depending on g2, the intermediate state live at non-perturbative scales

= Hadronic intermediate states rather than quarks.

To extract bounds on a ¢?-dependent signal, we need to understand the
shape of the SM spectrum.
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Long-distance hadronic effects

Leave it to QCD to make live interesting:

K+ K+
B* Bt

I* It

Depending on g2, the intermediate state live at non-perturbative scales

= Hadronic intermediate states rather than quarks.

To extract bounds on a ¢?-dependent signal, we need to understand the
shape of the SM spectrum.

Not a straightforward computation by first principles.
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Long-distance hadronic effects

The way around: Find a region in ¢2, where the intermediate state is
dominated by short-distance physics.
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Long-distance hadronic effects ‘il ziirich™

The way around: Find a region in ¢2, where the intermediate state is
dominated by short-distance physics.

Example: Charm-quark loop at ¢> ~ 0
Charm quarks hard (k? ~ m?)

Can compute QCD corrections using the estab-
lished bag of tricks

(factorizable/non-factorizable corrections, ...)
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Long-distance hadronic effects

The way around: Find a region in ¢2, where the intermediate state is
dominated by short-distance physics.

Example: Charm-quark loop at ¢> ~ 0

Charm quarks hard (k? ~ m?)

Cc

Can compute QCD corrections using the estab-
lished bag of tricks

(factorizable/non-factorizable corrections, ...)

Then: Extrapolate to high-¢? region using analyticity of amplitude.

[Khodjamirian et al. (2010), JHEP 1009 089; Khodjamirian et al. (2013), JHEP 1302 010]
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Charm loops - resonances

Leading contribution: Intermediate charmonium resonances.

K+ K+
Bt Bt

= =
" It

J/b, P(25),  P(3770),
Ve{ ¥(4040), (4160), (4415) }

Hunting 7-loops in Bt & I\'Jr,u+‘u*


https://inspirehep.net/record/1298993
https://inspirehep.net/record/1505172

Charm loops - resonances

Leading contribution: Intermediate charmonium resonances.

K+ Kt
B* Bt
I~ -
s I*
Ve { I/, Y(25),  ¥(3770), }
$(4040), (4160), 1p(4415)
The g?-dependence is described by a relativistic Breit-Wigner.

P 5y S myly
AYZ (s) = nvev 2 2 .
mi, s —my, +imyly

[Lyon & Zwicky (2014); LHCb (2017), Eur.Phys.J. C77 161]
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Charm loops - two-particle states

Two-particle intermediate states:

B+
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Charm loops - two-particle states

Two-particle intermediate states:

B+

q* dependence through subtracted hadronic dispersion relation:

Ay2P Z / ds pV
%

§—s

V € {DD, D*D, D*D*}
[Khodjamirian et al. (2010), JHEP 1009 089; Khodjamirian et al. (2013), JHEP 1302 010]

+
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Charm loops - two-particle states

Two-particle intermediate states:

B+

q* dependence through subtracted hadronic dispersion relation:

Ay2P Z / ds pV
%

§—s

V € {DD, D*D, D*D*}
[Khodjamirian et al. (2010), JHEP 1009 089; Khodjamirian et al. (2013), JHEP 1302 010]

What are the various py(s)? — estimate!

Jrll 128


https://inspirehep.net/record/859545
https://inspirehep.net/record/1197510

Charm loops - two-particle states

First-principle calculation of the spectral densities py (s) not viable.
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Charm loops - two-particle states

First-principle calculation of the spectral densities py (s) not viable.

K*
B+

l
I

— Can estimate py (s) from VV’ — uu using helicity arguments.
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Charm loops - two-particle states Ziirich™

First-principle calculation of the spectral densities py (s) not viable.

K*
B+

l

1 1

— Can estimate py (s) from VV’ — uu using helicity arguments.

From this we find: py = Zc}{ ﬁ"(4m%//s), B(r)=V1-1
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Charm loops - two-particle states Universitit

Zirich™

First-principle calculation of the spectral densities py (s) not viable.

K*
B+

l

1 1

— Can estimate py (s) from VV’ — uu using helicity arguments.
From this we find: py =Y ¢, B"(dmi /s),  B(r)=V1—7
n

Keeping only the leading partial waves:

3/2 1/2 3/2
4m% / 4m%D* / 4m}52 /
ppp = | 1= 5 pPDD* = l_f pp*px = | 1= 5
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Charm loops - two-particle states

4m% 3/2 47)’1,%1:)} /2 errfb2 3/2
PDD = 1-— s PDD* = l—f PD*D* — 1-— s
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Light resonances

While the charm-contributions are the largest ones, light quarks still
need to be accounted for.
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Light resonances

While the charm-contributions are the largest ones, light quarks still
need to be accounted for.

They are strongly CKM-suppressed with respect to the leading charm.

— We limit ourselves to single-particle contributions.
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Light resonances

While the charm-contributions are the largest ones, light quarks still
need to be accounted for.

They are strongly CKM-suppressed with respect to the leading charm.

— We limit ourselves to single-particle contributions.

myl'y
}/h ht 77V€ .
& Z 5 — m%/ +imy Ly

with V = p,w, ¢.
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Constraints ) ziiric

In our approach, we only fix the ¢?-shape of the contributions.
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Constraints

In our approach, we only fix the ¢?-shape of the contributions.

Magnitudes and phases are floating parameters in the fit.
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Constraints

In our approach, we only fix the ¢?-shape of the contributions.
Magnitudes and phases are floating parameters in the fit.

The hadronic long-distance contributions are written as:
Yhadr(s) = AV (s) + AYE(5) + Yiighe (5)

All AY:(0) = 0 by construction!
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Constraints lilil;ri;ﬁ]ruiitét

In our approach, we only fix the ¢?-shape of the contributions.
Magnitudes and phases are floating parameters in the fit.

The hadronic long-distance contributions are written as:
Yhadr(s) = AV (s) + AYE(5) + Yiighe (5)

All AY:(0) = 0 by construction!

We can constrain our fit by requiring AY%(0) to be close to the
perturbative result.

+ o+
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Constraints

At low ¢?, the slope of the perturbative charm contribution is:

d ert

4
(02 + cl> ~ (1.7£1.7)- 1072 GeV 2
2 =0 15
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Constraints

At low ¢?, the slope of the perturbative charm contribution is:

d ert
dq a2 e Yee

4
=5 (c2+ cl> ~ (1.7£1.7)- 1072 GeV 2
q%=0

This yields the following set of constraints:

5. T _ -
Re| nje’ts — el — o + Y me 7 = (L.7£22) 1072 Gev 2
J=(1S),... J j=D,D* J
T ) _ _
Z njezéjmiéJrnDez Z ne m2. <5-1072 Gev—2
j=T(1S),... J j=D,D*

Hunting 7-loops in Bt & I\+;z wo



Constraints

At low ¢?, the slope of the perturbative charm contribution is:

d
7A pert
dq?

4
=5 (c2+ cl> ~ (1.7£1.7)- 1072 GeV 2
q%=0

This yields the following set of constraints:

5. T _ -
Re| nje’ts — el — o + Y me 7 = (L.7£22) 1072 Gev 2
J=(1S),... J j=D,D* J
T ) _ _
Z njezéjmiéJrnDez Z ne m2. <5-1072 Gev—2
j=T(1S),... J j=D,D*

Similarly, we can put an upper limit on the 5 from AY directly:

I1p,p-,p| < 0.2.
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Tau effects in the spectrum Ziirich™

The 7 loops enter as a contribution to C§(¢?):
« 1
Vrel®) = =53 |y (m2, ) = gy (m2, )|

Intriguing channel because:

m It has an s-wave contribution — large
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The 7 loops enter as a contribution to C§(¢?):
« 1
Vrel®) = =53 |y (m2, ) = gy (m2, )|

Intriguing channel because:
m It has an s-wave contribution — large

m A large enhancement over the SM is well-motivated by NP
explanations to B-anomalies
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Tau effects in the spectrum Ziirich™

The 7 loops enter as a contribution to C§(¢?):
« 1
Vrel®) = =53 |y (m2, ) = gy (m2, )|

Intriguing channel because:
m It has an s-wave contribution — large

m A large enhancement over the SM is well-motivated by NP
explanations to B-anomalies

m Current direct bounds are rather weak, implying Cj < 580
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Tau effects in the spectrum Ziirich™

The 7 loops enter as a contribution to C§(¢?):
« 1
Vrel®) = =53 |y (m2, ) = gy (m2, )|

Intriguing channel because:
m It has an s-wave contribution — large
m A large enhancement over the SM is well-motivated by NP
explanations to B-anomalies

m Current direct bounds are rather weak, implying Cj < 580

m Very distinct shape of the spectrum, with a “cusp” at ¢? = 4m?
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Tau effects in the spectrum L) Ziirich™

The 7 loops enter as a contribution to C§(¢?):
« 1
Vrel®) = =53 |y (m2, ) = gy (m2, )|

Intriguing channel because:
m It has an s-wave contribution — large

m A large enhancement over the SM is well-motivated by NP
explanations to B-anomalies

Current direct bounds are rather weak, implying C§ < 580

Very distinct shape of the spectrum, with a “cusp” at ¢? = 4m?

Again: LHCb has lots of data on B — K puu!
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Tau effects in the spectrum Universitat

dB(BT — Ktptu™)/dg?

2 2 2 2
lml) ,”'»’(mlm ”’L(m,m ml‘(nln;
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Tau effects in the spectrum

dB(BY = Ktp*tp™)/dg?

m? m?
Y(aa15)

tm? : m?
Y(4040) Y(4160)

(25) D
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Tau effects in the spectrum

T T T
H SM
—C =G

— €7 =580 |

(Saturating BaBar bou nd)

dB(BY = Ktp*tp™)/dg?

m?

5 ;
m Y(4415)

: 2
im Y(4040) ”’L(Ilhm

2
(25) D
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Tau effects in the spectrum

T T ™
H SM
—C =G

— CJ

dB(BY = Ktp*tp™)/dg?

| |“Cusp” sat nicely between resonancesji

2 2 2 2 2 2 2 2
im; mjyy Im? T e Im7, M s0a0) Manso i)
2 __ 02
¢ =my,,

Hunting



Tau effects in the spectrum

— —
SM
— G5 =Cg 1

— €7 =580 |

(Saturating BaBar bou nd)

dB(BY = Ktp*tp™)/dg?

| |“Cusp” sat nicely between resonancesji

2 2 2 2 2 2 2 2
im; mjyy Im? T e Im7, M s0a0) Manso i)
2 __ 02
¢ =my,,

With the amount of data LHCb has, we can find a bound
competitive to the current one!
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Preliminary sensitivity and future

Preliminary sensitivity:
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Preliminary sensitivity and future

Preliminary sensitivity:
Br(BT — KTrt77) <23-107% @ 95%CL

using 9 fb~! of pseudodata (40k events after cutting resonances).
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Preliminary sensitivity and future

Preliminary sensitivity:
Br(BT — KTrt77) <23-107% @ 95%CL

using 9 fb~! of pseudodata (40k events after cutting resonances).

Numbers preliminary! Full fit with resonance parameters (7;, ;) can
look different!
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Preliminary sensitivity and future

Preliminary sensitivity:
Br(BT — KTrt77) <23-107% @ 95%CL

using 9 fb~! of pseudodata (40k events after cutting resonances).

Numbers preliminary! Full fit with resonance parameters (7;, ;) can
look different!

Equivalent to the bound from BaBar, to improve with higher statistics.
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Preliminary sensitivity and future

Prelimin

using 9 f}

dB(BY = Ktp*tpu™)/dg?

Numbers can
look diffe]
Equivalen 1111;') — m_",/,L_ I — lmf m'f_(m lm;)—) ”'.'.T’uuunl”'f(m,m I Im‘f_mm istics.
¢ = miﬂ
& J
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Conclusions ) ziiric

m If the anomalies in semileptonic B decays hold any water,
B — K77 should exhibit a large enhancement.
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Conclusions ) ziiric

m If the anomalies in semileptonic B decays hold any water,
B — K77 should exhibit a large enhancement.

m Direct measurements are tough, current bounds allow for large
enhancements over the SM value.

+ o+
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Conclusions

m If the anomalies in semileptonic B decays hold any water,
B — K77 should exhibit a large enhancement.

m Direct measurements are tough, current bounds allow for large
enhancements over the SM value.

m Tau loops lead to a distinct distortion of the ¢? spectrum, with a
cusp nicely set between the v/ and 1)/ resonances!
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Conclusions Ziirich™

m If the anomalies in semileptonic B decays hold any water,
B — K77 should exhibit a large enhancement.

m Direct measurements are tough, current bounds allow for large
enhancements over the SM value.

m Tau loops lead to a distinct distortion of the ¢? spectrum, with a
cusp nicely set between the v/ and 1)/ resonances!

m Sufficient understanding of the SM background required, especially
the long-distance QCD with their respective phases.
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Conclusions Ziirich™

m If the anomalies in semileptonic B decays hold any water,
B — K77 should exhibit a large enhancement.

m Direct measurements are tough, current bounds allow for large
enhancements over the SM value.

m Tau loops lead to a distinct distortion of the ¢? spectrum, with a
cusp nicely set between the v/ and 1)/ resonances!

m Sufficient understanding of the SM background required, especially
the long-distance QCD with their respective phases.

m We fix the g?-shape of the contributions. Magnitudes and phases
are floating parameters in the fit.
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Conclusions Ziirich™

m If the anomalies in semileptonic B decays hold any water,
B — K77 should exhibit a large enhancement.

m Direct measurements are tough, current bounds allow for large
enhancements over the SM value.

m Tau loops lead to a distinct distortion of the ¢? spectrum, with a
cusp nicely set between the v/ and 1)/ resonances!

m Sufficient understanding of the SM background required, especially
the long-distance QCD with their respective phases.

m We fix the g?-shape of the contributions. Magnitudes and phases
are floating parameters in the fit.

m Bound competitive with B — K77!
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the long-distance QCD with their respective phases.
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m Bound competitive with B — K77!

m Future perspective: Bound will tighten with more statistics, better
hadronic form factors.
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Conclusions

m If the anomalies in semileptonic B decays hold any water,
B — K77 should exhibit a large enhancement.

m Direct measurements are tough, current bounds allow for large
enhancements over the SM value.

= Tau loops lead to a distinct distortion of the g% spectrum, with a
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are floating parameters in the fit.
m Bound competitive with B — K 77!

m Future perspective: Bound will tighten with more statistics, better
hadronic form factors.
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