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= good place to search for New Physics

e sensitive to virtual corrections and new exotic final states
e complete factorisation into hadronic and leptonic part
e Belle Il is expected to measure with O(10%) precision

Earlier work: Kim, Kim, Morozumi hep-ph/9905528; Aliev, Ozpineci, Savci hep-ph/0101066
Colango, De Fazio, Santorelli, Scrimieri hep-ph/9610297; Altmannshofer, Buras, Straub, Wick 0902.0160; Buras, 1

Girrbach-Noe, Niehoff, Straub 1409.4557; ...


http://www.arxiv.org/abs/hep-ph/9905528
http://www.arxiv.org/abs/hep-ph/0101066
http://www.arxiv.org/abs/hep-ph/9610297
http://www.arxiv.org/abs/0902.0160
http://www.arxiv.org/abs/1409.4557

Motivation

B — K®uu is a rare process

Z
W* v
b u, ¢, b s
2
SM: loop, CKM and GIM suppressed A o 1(51?Zi:uc . \/,-7)\/;5"'7:2’
=5 Z

= good place to search for New Physics

e sensitive to virtual corrections and new exotic final states
e complete factorisation into hadronic and leptonic part
e Belle Il is expected to measure with O(10%) precision
e our work: establish sensitivity of Belle Il
o using full set of operators (vector, scalar, tensor)
e including light sterile neutrinos (possibly massive)
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Observables

Observable SM prediction current constraint Belle Il
LQCD+LCSR 5ab~! 50ab!

Br(B® — K%w)  (41+£05)x107% <26x107°

Br(B* — K*vi) (44+07)x10% <1.6x107° 30% 11%
Br(B® — K*%vp) (954+09)x107% <18x107° 26% 9.6%
Br(B* — K*tv) (10+1) x 107 <4.0x 1075 25% 9.3%
Fi(B® — K*Oup) 0.49 + 0.04 0.079
Fi(BT — K*tui) 0.49 + 0.04 0.077

Br(B — Xsvi) (27402)x 107>  <6.4x107*

constraints: B — K(*)0,1, 1702.03224, BY — K*vv 1303.7465, BY — K** 1303.3716, B — Xsvv hep-
ex,/0010022; Projection: Belle Il Physics book 1808.10567
F is longitudinal polarisation fraction of K™

Form factors: LQCD + LCSR

e B — K Gubernari, Kokulu, van Dyk 1811.00983

o B — K™ Bharucha, Straub, Zwicky 1503.05534
+ 10% to account for finite width Descotes-Genon, Khodjamirian, Virto 1908.02267
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LEFT Operator baSiS [Jenkins, Manohar, Stoffer 1711.05270]

Express everything in terms of LH Weyl spinors Ng < v}

L= Qo+ | > CFo+ 05 +he.

X=L,R X=L,R
Oy- = (Tryw)(diyd)  O)g" = (Fryuvi)(dry" dr)
Op- = (vvi)(drdL) OSER = (V1) (ddr)
0pg" = (Viouwvi)(dro™dL)

e CSLX symmetric in neutrino flavour indices
e CILL antisymmetric in neutrino flavour indices

e NP CIX,LX interfere with SM
CVLLSM _ AGF a < X
=7
sin“ Oy

vd,aasb — \ﬁ o ts tb

e v dipole operators at 1-loop, strongly constrained, not included 3

) Brod, Gorbahn, Stamou 1009.0947
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Calculational details

All Wilson coefficients defined at electroweak scale y = my,
CYX(mg) = CYFX(m3) X=L,R

C3X(mp) = 1.370 C3X(mz) mp=4.8GeV
I (mg) = 0.900 C/H(my)

B — K®wuw: helicity amplitudes cratrex, Hopfer, Zwicky 1506.03970
K\ =0) l1( M)
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+ compared to transversity ampl. Altmannshofer, Ball, Bharucha, Buras, Straub 0811.1214

B — Xsvv: LO HQET calculation (=quark-level process)

LO because unclear future prospects

compared to Altmannshofer, Buras, Straub, Wick 0902.0160 and flavio for limiting cases
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One operator with massless neutrinos

Current Bound Future Sensitivity (50 ab=1)
Value NP scale Value NP scale

¢} t Ob bl |

perator [Tev-2] [TeV] servable [Tev-2] [TeV] Observable
Orgine 0028 6 B— Kvv  0.023 7 B — K&y
OYiR aep 0,021 7 B — Kvv 0.002 25 B — K&y
OVitss 0014 9 B— K'wv  0.006 13 B— KM
O3t 0012 10 B — K&y 0.002 25 B — Kuv
O3 s 0.009 10 B— K&y 0.002 25 B — Kvv
O)5tses  0.002 25 B — K*vv  0.0009 35 B = K*vv

a € {1,2,3} and v # 0 arbitrary

Anp =
&



Two operators with massless neutrinos — vector
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e Current constraints solid purple and green lines

e Viable light (dark) regions if SM predictions are confirmed by Belle I
with 5(50) ab™!

e Black dotted (dashed) B — X;vv with 50% (20%) precision



Two operators with massless neutrinos — vector
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Two operators with massless neutrinos — scalar
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Massive neutrinos — interference
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BT — KTvv — current status

Simple weighted average of Belle Il, Belle, BaBar

BRavg = (11 £ 4) X 107% > BRgm = (4.4+0.7) x 10° see Belle 11 2104.12624

Ol\//zli_]:Msb 03'5!'44517 055!34517 OIcll_,|34sb Bound SM
WC (1073 TeV2) MR QIR GRS QWA
Br(B® — K*vv)/10°  2.89+1.05 1.45+0.18 135+75 18  116+0.11
Br(B* — K*twr)/107° 3.11+1.13 1.57 +0.20 146+81 40  124+0.12
Br(B — Xsvv)/107*  1.01+0.37 0.494 + 0.055 457+253 6.4  0.27+0.02
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BT — KTvv — current status

Simple weighted average of Belle Il, Belle, BaBar

BRavg = (11 +4) x 107° > BRsm = (4.4 £0.7) x 107° see Belle Il 210412624
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Summary and conclusions

B — Kvv, B— K*vv (and B — Xsvv)
interesting probes for new physics

observables are complementary:
allow to distinguish Lorentz structures
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Massive neutrinos
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\ '\ (//)[~] hatching: current bounds on B — K°(K*9)[X,]vv
dashed (solid) lines: future reach for 5(50)ab*

weaker bounds for heavier masses <— phase space suppression
e B — Kvv more stringent for large masses (vector)

e B — Kvv always most stringent (scalar)



Massive neutrinos
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weaker bounds for heavier masses <— phase space suppression

e B — Kvv more stringent for large masses (vector)

e B — Kvv always most stringent (scalar)



Massive neutrinos — F;
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e solid (dashed) lines for ms 5 = 0(1.5) GeV

e gray indicates future reach centred on SM prediction

e sharp distinction between scalar, vector and tensor operators
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