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Outline:

e About Ak and Rpe

e Simultaneous explanation of Rk and Rpg
» crucial impact of 1-loop LFV/LFUV effects

* More about the relevance of the 1-loop effects

e Future perspectives and conclusions
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On Rk and Rp*)
(why LH currents?)




Anomalies in B decays

Putative anomalies in B decays:

B — Koty
» P’s and other smaller tensions for B = KMuu
» LFU violation in Rk:

B(B— Kutu™) +0.090
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Anomalies in B decays

Putative anomalies in B decays:

B — Koty
» P’s and other smaller tensions for B = KMuu
» LFU violation in Rk:

B(B— Kutu™) +0.090

e B— DWyp
» LFU violation in Rp:
pr/t _ B(B = D™ 10)ep/B(B — DX 1D) g,
D B(B — DM ey /B(B — DMID)gy,
Ry =137+017, R}Y'=1.28+0.08.

Andrea Pattori, University of Zlrich LAPTh — 01.1.2016 2/18




Anomalies in B decays

Putative anomalies in B decays:

e B KMty ‘
» P’s and other smaller tensions for B = KMuu
» LFU violation in Rk:

B(B— Kutu™) +0.090

Common
e« B Dy explanation?
» LFU violation in Rp:
R/ _ B(B = DM 10)exp/B(B — DM 70)gy
D B(B = DOID) g/ B(B — DMID) gy,
RY*=137+017, RY'=1.28+0.08. |
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How to address b— s anomalies

e B KWypty—

o, - o, - e o
Oy = E(SL%L[?L)(@%LE) Oy = E(SR%L[?R)(KWLE) O7y = 4_7T2mb(3LU“ bR)
o, - o, - e L
Or0 = = (Sebr)(tyurs)  Oro = —(Br1ubr)(Crysl) Oy = 5 m(Sr0" 1) Fiu
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How to address b— s anomalies

a _ a _ e o
Oy = E(SL%L[?L)(@%LE) Oy = E(SR%L[?R)(KWLE) O7y = 4_7T2mb(3LU“ bR)
a _ a _ e o
Or0 = —(Se9br) ((yu150) | Oro = —(BrYubr)(Crysl) Oy = 5 m(Sr0" b1 ) Fiu
> Cg'" #0 i -
9 good fits of: > Rk S. Descotes-Genon , L. Hofer,
> é\fP _ _Ci\(r)P £ () > P’s (et al) J. Matias, J. Virto (2015)
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How to address b— s anomalies

NP .
> Gy 70 good fits of: > Rk S. Descotes-Genon , L. Hofer,
> P = -Cf #0 > P’s (et al.) J. Matias, J. Virto (2015)

/2

(527.01) (UL, lr) = |eft-handed current
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How to address b— d anomalies

e B — DWyp

» Only 4 dimension-6 operators can address the Rp anomaly

Ol(j) = (LYo qr) (Lol Oz(igu = ({rer)io” (qLur)

Oledq = (Crer)(dryr) C’)l(eggu = (lrouwer)io®(GrLot ug)
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How to address b— d anomalies

e B — DWyp

» Only 4 dimension-6 operators can address the Rp anomaly

| H
current

Ol(s) = (LYo qr) (Lol Ofigu = ({rer)io” (qLur)

Oledq = (Crer)(dryr) C’)l(eggu = (lrouwer)io®(GrLot ug)

¢ [s a LH quark-lepton current the way”
» simultaneous explanation of Rk, Rp
» bonus: relaxing P’s (et al.) tension(s)

» well-motivated NP models behind it (vector leptoquark, Z’)
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How to address b— d anomalies

e B — DWyp

» Only 4 dimension-6 operators can address the Rp anomaly

| H
current

Ol(s) = (LYo qr) (Lol Ofigu = ({rer)io” (qLur)

Oledq = (Crer)(dryr) C’)l(eggu = (lrouwer)io®(GrLot ug)

¢ [s a LH quark-lepton current the way”
» simultaneous explanation of Rk, Rp
» bonus: relaxing P’s (et al.) tension(s)

» well-motivated NP models behind it (vector leptoquark, Z’)

IS it this simple”
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Rk vs. RD(*)

e Simultaneous explanation of Rk and Rp) anomalies:

Ry = B(B — K’qu'u_)eXP e B(B — D(*)ﬂ?)exp/B(B — DX D)y
B(B— Kete )y | P B(B— DWID)e/B(B — DM,
Ry = 07457009 1 0036 = Rp‘=137+017, Rp!=1.28+008.
~25%, 2.60 ~25%, 3.90
(527ubL)(BLyuir) (CLyubr)(TLyuve)
Problem: SM: 1-loop process SM: tree-level process

b S

—g b e C
_ %E
A v
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Rk vs. RD(*)

e Simultaneous explanation of Rk and Rp) anomalies:

Ry = B(B — K’qu'u_)eXP e B(B — D(*)TD)GXP/B(B — DX D)y
B(B— Kete )y | P B(B— DWID)e/B(B — DM,
Ry = 07457009 1 0036 = Rp‘=137+017, Rp!=1.28+008.
~25%, 2.60 ~25%, 3.90
(527ubL)(BLyuir) (CLyubr)(TLyuve)
Problem: SM: 1-loop process SM: tree-level process

b S

b—s —C
—g —*
A v

Solution: 1. Extend loop suppression to the NP sector
2. Rely on flavor symmetries ( e.g U(2) )
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Rk vs. RD(*)

e Simultaneous explanation of Rk and Rp) anomalies:

o BB KT ey BB D)y /BB - DY i),
BT BB Kete )y, | P97 B(B— DO)ey/B(B — D@in)s,
Ry = 07457009 1 0036 = Rp‘=137+017, Rp!=1.28+008.
~25%, 2.60 ~25%, 3.90
(527ubL)(BLyuir) (CLyubr)(TLyuve)
Problem: SM: 1-loop process SM: tree-level process

b S

b—s —C
A v

Solution: 1. Extend loop suppression to the NP sector
2. Rely on flavor symmetries ( e.g U(2) )

typical assumption: NP couples mostly to the third generation quarks
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Tree-level analysis

e | eft-handed vector currents
e Parametrical suppression of interaction with second-generation

Effective Lagrangian:

021961"“3 B ngrs -
Lot = —15 (@prY"qqr) (brryulst) + e (@Y 7%qqr) (bryuTlst)

» fit Ry, R,
lr qL
tree level: . phfe  pu _ BB —= Kvp)
lr qL > bounds from: fpe), Ric B(B — Kvb)gy

» benchmark: B(B— Ktpu)
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What about loop contributions?

tree level one-loop level
lr qar lr lr
—
BL qrL €L fL
e New phenomenology, perhaps absent at tree level

e EW loop ~ % ~ 1072, i.e. not so important, right?
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What about loop contributions?

tree level one-loop level
lr qar lr lr
—
BL qrL €L fL
e New phenomenology, perhaps absent at tree level

¢ EWloop ~ = ~ 1072, i.e. not so important, right? No
T 9
EW precision tests (~10-2+10-3)

Fp (tree level in SM) LFV phenomenology

O(1) NP effect — ~10-3 NP effect
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What about loop contributions?

tree level one-loop level
lr qar lr lr
— o
gL qrL €L €L
e New phenomenology, perhaps absent at tree level

e E\W loop ~ S 1072, i.e. not so important, right? No
70

EW precision tests (~10-2+10-3)
LFV phenomenology

O(1) NP effect — ~10-3 NP effect

Rp (tree level in SM)

2
Enhancements: »Big logs ~ log (i‘/@V)

» big O(7) numerical factors
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How to take 1-loop
effects into account?




e At NP scale A;

1) Assume a basis where:

C1

Lot = 15 (337" Pras) (€37, Prls) + — (@3v' 74 Prgs) (037, 7" Prl3)

2) (Go to mass basis through a rotation of generations 2-3:
» two real parameters: Gps, O, (assumed « 1)

» N0 Mixing with the 7st generation

here new

e RGE flow down to the EW scale (leading log) | «— operators arise

e Matching to an EFT with broken SU(2)

e Computation of relevant observables
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About Leading Log Approximation

o bFventually A = 13 TeV

M2
log (—W) | ~bH=+7 isita “big” log?

= |t safely capture the order of magnitude of the eftects

= finite contributions might be O(7)

= quantitatively correct, barring accidentally big cancellations

e Consider finite contributions” work in progress...
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Relevant observables

e Relevant observables:
y RIe Ry
D >4tk

» LFV in T decays: t—=3u, t—uee, t-up, t-um

B(T — evi)exp/B(T — evv)gm

» LFU in 7 decays: RT/H —
‘ yS: fr By — evi)exp/B(p — evv)gm

» / pole observables: axial and vector lepton coupling

iInvisible Z decay width

e \We then scan over different C+, Cs, Ops, Oy
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Results of the scan over the parameter space in our setup:

1.0 1.0

0.8 0.8

0.6 [ Aot * L
g -- e g LR a
-\ -
= =
04 B R} and R'I')/(f) 04 .
& B LFV 7 decays B LFV 7 decays
W Z-pole observables % W Z-pole observables
0.2 m R « 0.2 i m All (above + RT/#)
m All :
0.0 i . : . , 0.0 SRt . : ;
100 105 110 115 120 125 130 135 140 100 105 110 115 120 125 130 135 140
T/€ T/€
RD(-) R 508

Simultaneous explanation of RD and RK through left-handed currents
IS exelgded highly disfavoured
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s B( B— Ktu ) really the benchmark of these scenarios?

107"

1077 ¢ .
: —  Experimental bounds

mCo—o ~ Scan over the parameter
1 p— ‘ . .
0| B C=0C | | Space, Imposing:

_ » all discussed bounds
10”7 ¢

Br(B — KTu)

» Rk anomaly at 3o

. . . §
. * . .\, ’
.. A
R A i
e - Yo e A
N AR Y *
» . B b », " e ® .’\.,'
EN . % Ry A5 ’ LI " e D
- o A J - . T — .
il SRS T TR D : —_—
. . S o\ . -
O ot ot B ™~ S= % 3
’ - - LIy v, °, " -

on® .g'-'" -
8 | o e Tt
- . l‘ - - -
1078 Lpabisi sl
ot N VI ak
ey -
. R <
. ! A

Br(7 — 3u)

LFV T decays are usually the most sensitive probes in these scenarios
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“This looks nice.
But what if...”




e . we wanttoinsist on LH current?

= /' 'models
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e . we wanttoinsist on LH current?

= /' 'models

= furthermore:

» tune additional tree-level contributions:
(ZL%LT“EL) (ZL’}/MTC%L) y (HT%)ZH) (ZL%T%L)

» very light £"mass (200 - 300 GeV)

» cancellations with additional 2~
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e . we are interested only in Rk?

= |LH currents not necessary:

o — o —
Oy = E(SL%L[’L)(K%LK) 05/9 — E(SL%L[?L)(K%L@
« — o, _
O10 = —(5rYubR) (L1750) 0= 1 (3R YubR) ((yu750)

= NP needed for Rk is small (compete with SM 1-loop)

= |oop effects are there, but not dangerous
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e .. we are interested only in Rp (still with LH currents)?

1.0

0.8

0.6

t/e
R’I\’

0.4

0.2

vy je
B Ry and R,
B LFV 7 decays

W Z-pole observables

o R:/#
m Al

120 125 1.30

R‘r/f

"D(*)

1.35

1.40

1.0

0.8

0.6

0.4

0.2

W R} and R'I')/(f,
B LFV 7 decays

W Z-pole observables
m All (above + R7/*)

= pbounds from LFU violation are still there!

= same caveats as before about /' models

1.40
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e . we are interested only in Ap (other operators)?

= possible operators:

OF) = pamebettrTeT) Ol = (lrer)io®(qLur)

Oledq = (rer)(drqr) 0§fq)u = (brouwer)io”(qLo" ug)

» loop effects: suppressed by lepton Yukawa (y:=70-?)

» severe bounds from high-pr t lepton searches at LHC and

from Bc decays. D. Faroughy, A. Greljo, J. Kamenik, arXiv:1609.07138
R. Alonso, B. Grinstein, J. M. Camalich, arXiv 1611.06676

» impossible to accommodate Rk with the same operator(s)
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Future perspectives

New experimental measurements coming soon:

e Updates for Rk
» possibility to distinguish Co vs. Cro

e New measurements for Rp
» iIndependent channel (hadronic T tagging)

e Measurement of Rk~
» more insights into the NP needed for the anomalies
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Conclusions

e 5 anomalies extensively studied in literature
» simultaneous Ak and Rpe explanation is appealing

» typically achieved using LH currents

e crucial 1-loop eftects in the leptonic sector
» surprisingly overlooked so far
» highly disfavour a LH current approach to Rpg

» T—3u can be a more interesting than B— Ktu
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