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Rare Decays results from LHCb

* The LHCb experiment

* Detector
 Indirect searches for New Physics

* Very rare decays
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* By—up, By —pp
 Rare strange decays

* Rare charm decays

* Other very rare decays
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* The rare decays B — K(*) pu

* Angular analysis
* Lepton universality tests

* Not covered here: radiative decays
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The LHCD experiment

Forward spectrometer with very precise tracking and PID

* Decay time resolution
40 fs (B—J/wKK)
* Invariant mass resolution
~23 MeV (B—pp)
* 95% (K-m) ID efficiency
for 5% fake rate

Efficient and flexible trigger

€ ~90% B—pp decays :

Recorded luminosity: 3 fb-!

1 b1 at7 TeV (2011)
2 fb1 at 8 TeV (2012)

Also, took 13nb™ of pA data
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The LHCDb experiment

* The LHCDb physics program focuses mostly on CP violation and rare decays

* Both correspond to indirect searches for New Physics (i.e, new particles),

. . s
 Indirect approach has been very successful in the past Q u.c.t /
* Neutral Currents
(Z° inferred ten years before direct observation) W w

* Kaon mixing
u,c,t

(top-quark inferred 30 years before direct observation)

/
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The LHCbD experiment

* The LHCDb physics program focuses mostly on CP violation and rare decays

* Both correspond to indirect searches for New Physics (i.e, new particles),

 Indirect approach has been very successful in the past { u,c,t S/

* Neutral Currents
(Z° inferred ten years before direct observation) W W
* Kaon mixing

(top-quark inferred 30 years before direct observation) u,c,t

SR

S

( you may also notice Earth’ radius was inferred indirectly 2.3k years before direct observation...)

~2.3 K years till the direct observation...
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Bs(d) — Ul

These decays are very supressed in SM
BR(B, — pp) = (3.66x 0.23)x10 BR(B; — uu) = (1.06 + 0.09)x10-10
... but can be modified by NP.

PRL 112, 101801

(time averaged)

Scenawio Would, point to-
—>
Big enhancement from NP inthe scalow sector,

BR(Bs—>up) >> SM SUSY at high tanp

BR(Bs—>up) = SM SUSY, ED’s; LHT, TC2

> Anything (3> rule out regions of pawaumeters
BR(Bs—uu) ~SM space that predict sizable depowtures w.r.t SM)

NP inthe scalow sector, but full MSSM ruled ouk.
R(Bs—~
B0 << 5M NMSSM (Higgs singlet) good candidate

CMFV ruled out. New FCNC independent of CKM
BR(Bs—>up) [BR(Bd—-pupn) # SM | matriv (RPV-SUSY, ED’y ,etc ...)
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B,; — uu (LHCD analysis strategy)

Phys. Rev. Lett. 111 (2013) 101804

[) Selection cuts in order to reduce the amount of data to analyse.

IT) Classification of B, ;—pp events in a 2D
space

- Invariant mass of the pp pair

- Boosted Decision Tree (BDT)
combining geometrical and
kinematical information about the
event.

[1I) Control channels (B—hh, B — J/yK,
mass sideb.) to get signal and background
expectations w/ o relying on simulation
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IV) Fit for signal strength : simultaneous fit of the mas spectrum in the different BDT

regions



B, — uu (results)

Full Run-I dataset analysed, giving:

B(B? — ptp~)=(2.9%]

B(B" = ptp )=(3.713

(stat)

EjL(stat]l

To1(syst)) x 1077,

“B8(ays0)) x 1071

Candidates / (44 MeV/c?)
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B, — uu (results)

LT T3
Full Run-Id lvsed, eiving: 3 14f LHCb E
ull Kun-1 dataset analysed, giving;: = LH BDT>07
S 10f 3t 3
B(BY — putp~)=(2.911(stat) 103 (syst)) x 1072, 5 sp .
B(B" — putp~)=(3.7151(stat) 75 4(syst)) x 107" 5 jf :
a4

ot Ll

Combined with CMS (joint likelihood fit)

my., - [MeV/c?]
CMS: Phys. Rev. Lett. 111, 101805 o

6.2 observation of B.—pp

o
=
w
W
15
—
A=
I
[
[=n

. (preliminary , submitted

s— 0.9

3.2 evidence for By—pp 2 s * /
BR(Bs — pt ™) =2.807 % 107° [

BR(Bg— ptp~)=39"1¢x 10710

0.4

0.3 I'-.. I‘-ﬁ
0.2 \ \
Ratio B,/B4 compatible with SM at 2.30 0 N>
_IIIIIIIIIT\"'LIIIIIIIIII'I'-T ||||| [T N T A i
OU 1 2 6 7 8 9
B(BY — - ) [1077]
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B, — uu (what does it imply?)

Big enhancement from NP inthe scalaw sector,
B CRaggut) > 5 oM SUSY at high tang

- Anything (2 rule out regions of pawawmeters
BR(Bs—>up) ~SM space that predict sizable departuwes w.r.t SM)

NP inthe scalow sector, but full MSSM ruled out.
R(Bs—~
B0 =<5 M NMSSM (Higgs singlet) good candidate

CMFV ruled out. New FCNC fully independent of
BR(Bs—>upn) [BR(Bd—up) = SM | CKM matrix (RPV-SUSY, ED’y et ...)
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B, — uu (what does it imply?)

Lg/emhowwewwmt from NP invthe scalow sector,
USY at i [
' : ' ' ' ' '

= nwthing (2 rule out regions of paraumeters
BR(Bs—>up) =~SM épmﬁmp,fmw){edapwwf%w r.t SM)

NP invthe scalow sector, but full MSSM ruled, out.

NMSSM (Higgs singlet) good candidate

CMFV ruled out. New FCNC fully independent of
BR(Bs—>up) /BR(Bd—up) = SM | CKM matriv (RPV-SUSY, ED’y etc ...)

.. You expect some constraints at least in SUSY at high tanp
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Fraction of CMSSM Points

— uu (what does it imply?)

0.8

0.6

0.4

0.2

|_III|III|III|III|III

CMSSM
F. Mahmoudi et al.

Phys. Rev. D87 (2013) 035026

arXiv:1212.4887v2 [hep-ph]
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Rare charm decays: D° — up Phys.Lett. B725 (2013) 15-24

-R-S warped ED
- Phys. Rev. D 90,(014035 (2014)

\\\\\\\\ MHHH L

Logygl BRO" > )]

SM prediction: BR(D'—pp) < 1.6x101!
(Precision depends on knowledge of BR(D’—vyy) )

BSM physics (RPV, ED’s) can enhance it up to the 10-1Y
level
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Rare charm decayS- DY — pp PhysLett. B725 (2013) 15-24

SM prediction: BR(D'—pp) < 1.6x101!

20} R-é war‘ped I*IZD
(Precision depends on knowledge of BR(D

w0 Phys. Rev. D 90, (114035 (2014)

"—YY) )

BSM physics (RPV, ED’s) can enhance it up to the 10-1Y

T . MHHH L 1A Ts

-18 -12 -10 -8

Logygl BRO" > )]

LHCb performed a search using 1 fb-!

Y at 90% (95%)

LHCb

||||||||||Q|||||||'

BR(D'—pp) < 6.2(7.6)x10° @ 90(95) %CL,

I Potential to reach more interesting region with LHCb upgrade

Naturalness 2014, Weizmann Institute
of Science. Rehovot
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Other rare charm decays

______ [Runl |Run-ll__|Upgrade [Status

D& —»ntutu~  Few10® Fewer10® Few 10°  1/3 Run-I
arXiv:1304.6365,
Phys. Lett. B 724 (2013) 203-212

D —» mn~u*u*t  Few10® Fewer10® Few 10  1/3 Run-I
arXiv:1304.6365,
Phys. Lett. B 724 (2013) 203-212

Df - K*u*u~  Few 107 Fewer107 Few 10®  Work ongoing
D° > h*h'~u*u~ Few 107 Fewer 107 Few 10®  Work ongoing

A - putp Few 107 Fewer 107 Few 10®  Work ongoing
D> pue Few 10® Fewer 108 Few 10°  Work ongoing
o(AcpD® - ¢py) ~10% 5% ? Work ongoing

Naturalness 2014, Weizmann Institute
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Rare strange decays: introduction

* Minimal Flavour Violation motivated by search of NP ~ TeV

* Butif NP > few TeV, non-MFV scenarios become very interesting

* In such contest rare decays of strange particles are very important : s—d
transitions have the strongest CKM suppression (i.e, strongest suppression of SM

“background”)

A = ;i'.[}

-V

1
2 T Cxp >
My,

T

t__‘-'.,_.-"h:1 ~ 10*  FromG. Isidori @ Rare'n’Strange

LHCDb can explore rare decays of Kq and hyperons: Big effective kaon flux ~101 Kg /y

Naturalness 2014, Weizmann Institute

of Science. Rehovot 4




Rare strange decays: Kg — upu

Lo NIBgEF

10~ previous limit

=
+=.

SM prediction: BR(Kg — pu) = (5.1£1.5)x10-1? T, 107
JHEP 0401 (2004) 009 %

K — pp sensitive to different physics than K; — pp @ 10°

(see JHEP 0401 (2004) 009)

If NP is found in NA62, then limits of Kg — pp in the
10-11-10-12 range useful to understand its nature 10

SM 10™

102

103

Naturalness 2014, Weizmann Institute
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Rare strange decays: Kg — upu

Candidates / ( 1 MeV/c?)

SM prediction: BR(Kg — pu) = (5.1£1.5)x1012

K — pp sensitive to different physics than K; — pp

(see JHEP 0401 (2004) 009)

b NIEEF

— 10— Pprevious limit
+=:' _
=
T,
3: —y

107

10° -

If NP is found in NA62, then limits of Kg — pu in the

R

3 =
2 ; o
30f — 30F
5E - BF
20F 5 %
I5F = I5F
10f 5 10fF
g “ E
S — SE

70

10-11-10-12 range useful to understand its nature 107

LHCDb performed a search using 1fb™: SM 10™
45 e - R e 1072
o S R Tos

it M

Naturalness 2014, Weizmann Institute
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Rare strange decays: Kg — pu |

. 108~ Pprevious limit
.:' _
+: =
*  SM prediction: BR(Kg — pp) = (5.1£1.5)x1012 T,107
JHEP 0401 (2004) 009 = " this result
* Ky — pp sensitive to different physics than K; — pp D 107
(see JHEP 0401 (2004) 009)
107 -
« If NP is found in NA62, then limits of Kg — pp in the Z
10-11-10-12 range useful to understand its nature 107
«  LHCDb performed a search using 1fb!: SM 107
e e o % g 1072
2 e FRd ] Y
S ERgpe ] j o .h LHCb
E f": : é i}: E B(KY — ptp—) < 11(9) x 109 at 95 (90)%
E. i, £ R .o ! E "o .
%0 480 400 500 510 520 9?0 480 490 500 510 520 r
my, [MeV/e?] myy, [MeV/c?] 0-4:- ’
02f .
BR(Kg — pp ) < 9(11)x10° @90(95) % CL, ,
0

10, 15
BRK = 1" w)[x 107]

Naturalness 2014, Weizmann Institute 20
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Rare strange decays: prospects

LHCb will keep being world leading on Kg — up

LHCDb upgrade (requires trigger developments)

Sensitivity to other decays under investigation:

* X — pup: aim to confirm /reject Hyper CP anomaly

Naturalness 2014, Weizmann Institute
of Science. Rehovot

Most interesting region (BR(Kg — pp) <101%) might be achievable with
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Rare strange decays: prospects

« LHCb will keep being world leading on Kg — pp

* Most interesting region (BR(Kg — pp) < 10-1Y) might be achievable with

LHCDb upgrade (requires trigger developments)

* Sensitivity to other decays under investigation:

* X — pup: aim to confirm /reject Hyper CP anomaly

+ Kg — nup: K, — oup (sensitive to eg, ED) NP
reach is limited by experimental uncertainty on Kg
— n’up . We might have a chance to improve that
(requires trigger developments)

Naturalness 2014, Weizmann Institute
of Science. Rehovot
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Rare strange decays: prospects

LHCb will keep being world leading on Kg — up

Most interesting region (BR(Kg — pp) <101%) might be achievable with
LHCDb upgrade (requires trigger developments)

Sensitivity to other decays under investigation:

* X — pup: aim to confirm /reject Hyper CP anomaly

* Kg — n%pp: K, — nup (sensitive to eg, ED) NP reach is limited by experimental
uncertainty on Kg — mup . We might have a chance to improve that (requires
trigger developments)

* Other possibilities under investigation: Kq — mmpp, Kg — pppp, electron modes...

Naturalness 2014, Weizmann Institute
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Rare strange decays: prospects

LHCDb can do kaon/hyperon physics

However, in many cases, looking for a given channel will require us to develop
triggers

If you have some idea of a new interesting channel please shout

Naturalness 2014, Weizmann Institute

of Science. Rehovot &



Other very rare decays @ LHCD

Main BSM test 95% upper limit

B.—upup Some SUSY scenarios | <1.6x108 rL. 110, 211801)

<5.6x108 (arXiv:1409.8548)
(still below B-factories sensitivity)
<1.4x108 (PrL 111 141801) T EZAE TR I (VR Ao

flavour physics

(arXiV references in backup) accessing high
energy scales

Naturalness 2014, Weizmann Institute
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B, — K*(—Kr) uu

s 0 LHCD s LHCD
* We select events using a BDT and special vetoes £ .f premeress 1 S, Fedcassans ]
o (o = F O Signal = L, 1
for specific backgrounds £l f{,{ moornsorasg | & arXiv:1304.6325
B 20 ". B Feaking bkg B T W ﬁ =
3 i & ﬁ \
. . == e mik'n iE"_‘f] MeViez] ik u ; ) Me\ieT]
* Correct (in an event-by event basis) for the effectof _ ' . ”
reconstruction/selection/ trigger using simulation — : | lﬂ* LHCb 0 LHCD ]
= | 43 <q <868 GeVc = r 10.00 < o < 12.86 Ge\ /e 1
- | ﬂ 1 = ‘“_— H ]
— I -
. F E zn_— | I+ _ E 2[: #
* Validated on data via control channels . ﬁg 8 h& .
. T * -
(mainly By —J/y(up) K*(Km)) e "m'mmmwﬂﬁn]wem ol o —
o &0, r T T o &0 T T T
s LHCb s LHCb
= l 14.18 < o < 18 GeV/e? = T 18 < g < 18 G\ et
* Fit yields and angular distributions for observables$ .. }#ﬁ 1 84 {+ i
in bins of g? (dimuon invariant mass squared) Do Lo i ! ]
. - - A.i'.... e e
5200 400 S200 400

he NIBEEF

]I—IEP 1308 (2013) 131

50—

of Science. Rehovot
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1

d'r

g9

dl’/dg® dg? d cos #y d cos B do T

B, — K*(—Kr) uu

Theory EEEBinned

@ . T*LHCb
08 LHCb _

[ 2] 3 ’ ' S

2+ = (1 —(FL)1 — cos?b) — + I ]
0. h+_1.‘l @.‘1 cos” 0s E
@ os” B (208" B — 1) + 02 ]

' arXiv:1304.6325
—(1 —@[1 — cos” B )(2eos® By — 1) + O . I ;

10

15
G2 [GeV3red]

o \ i o \ ; 5
1 —eos” #g )(1 — cos™ ) cos 20 + Theory EEEBinned

20

] ! ;
—cos” B Jeosfy +

e ——————
@”-“E‘ LHCb 1

:

0.2 ;T_+

9o P
.'11;_‘1 —cos” B )(1 — cos™ #;) sin 2¢ ]

=
T

_{,_

04 ]
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JHEP 1308 (2013) 131

Theory EEEBinned

4 -e—LHCb
E LHCh ]
0.5:- _
- ¢ 2l
obl F ]
F @B =49+09GeV?/*
05 ]
-+ L L . 1
g? [Gev3c]
—a—| HCb

<fb - o — ]
i LHCb 7]

| S ey
-0.45— _E
1] é . 1'0 -|I5 . :
q? [GeVZic]
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B 7 — K*(—Kx) uu JHEP 1308 (2013) 131

Theory EEEBinned Theory EEEBinned

1 —.'LHCL)I : : 1 -.—LHCbI :
@ LHCb L LHCb

o h ] 05F %'
_ 3 X —— 1
1 d'l’ 9 (}"fH + 3.1 @.1 o0 _:'I,r_J| | o ] ol £ E ]
P = — 8 0+ -l — L —Ccos W) — ) {’ ) : -I-¢J ]
fda? da? d cos S T 04 . F o]
dr d{; df,' * d cos e, dcos x da 16 L . 1 ) . ﬁ ] : (1’(2] —49+00 Ge\,rz/(; ]
@ s e (2eos” B — 1) + 0 ] 05 .

T arXivi1304.6325 ; : _
—(1 —@lrl — cos” fx)(2cos” By — 1) + % . 0 5 20 N s 0 5 20
) G2 [GeV3red] G2 [GeV3e?]
@ 1 — cos® g )(1 — cos® ) cos 29 + Theory EEBinned
L — - L —
— cos® iy ) cos By + @0-4:- LHCb 1 5 oek LHCb ]
Agll — cos” B )1 — c-<>5~'2|‘:'; ) sin 20 0'2;' ' 0'2%— '
| i N S b e o
_0_25_-1_ ?—E -0.25— + —E
You can also reparameterize the fit pdf . 1 of ]
to get some cleaner observables: e 1
Theory EEMBinned Theory EEBinned
—e-LHCh o me-LHch

Re
T

-
T
O -
[on
A

] +
S A e BT B T

: S I

§ : arXiv:1304.6325 |
05 — 05 - LHCh —

Pl L
0 5 10 15 20 0 5 10 15 20
¢? [GeV?/cY] ¢? [GeV/cY]

%(l —@) Ar
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... And then you can compare to models

0.15F

0.10}

@ 0.05}

0.00

-0.05

—0.100

GMSSM;
[arXiv:0801.1214v5] ]

SM
—_— ——
—
4,’,’ —
ASSMH
S R B S S

¢ (GeV?)

@ |

Theory EEEBinned
—e—|HCb

LHCb

4T
T e

02 —

=

CMSSMpy
Jf [arXivi0801.1214v5] Sy
T R R H

§ (GeV?)
—— ==

05f

@ =49+09GeV?/c! _

20

arXiv:1304.6325
CU 5 10 15 20 _4‘0 5 10 15
G2 [GeV3red] G2 [GeV3e?]
Theory EEMBinned
—e—| HCb —e—| HCb
[ T —r 1+ 11 q%b LA R | T L
@”-“;‘ LHCb 7 04 LHCb 7
-~ 42,-: —_— - 02 ]
c- ] ' —l— 1 /‘\ "—"I % + }
o "'$ 2 s E
_0-45_ 1 1 1 _: / 04 ’I 1 1 _E
0 5 ' 10 15 A = ’5 — 10 ' 15 = 2
q° [GeVip] I g2 [GeVZied]
/
/ I
o |
CGMSSMyy

0.051

0.00
Ay
—0.05| *
“,
GMSSMyy
I

Naturalness 2014, Weizmann Institute
of Science. Rehovot

@ (GeV?) [arXiv:0801.1214v5]

30



B, — K*(—K) uu

PDF can also be parameterized to minimize form
factors uncertainties

1 d‘r 9 [3 _
— =- —(1— Fp)sin? A + F, cos® O
dl'/dg? dcos Oy d cos O dopdg? 32w 4( L) s Ok + f1, €08 Ok +

— F, cos® Ok cos 26, + S sin? O sin? 6y cos 2¢

1 5
—(1 — F1) sin® Ok cos 20,
4

+ Sy sin 26 sin 26, cos & + Ss sin 260 sin #; cos &

+ Sgsin? O cos by + Sy sin 26 sin 6, sin ¢

+ Sg sin 26k sin 26, sin ¢ + Sy sin? O sin? @y sin 26
-

/ o bj:il.ﬁ';_'[q

Local discrepancy with SM prediction of 3.70

LEE-corrected SM p-value of this analysis is 0.5%

Experimental precision will keep improving

-+

o,

Phys. Rev. Lett. 111, 191801

SM Predictions

—+— Data

.15I - .20
q? [GeViic]

P | M L PR 1 M M L M PR 1
10 15 20
q? [GeV¥/cY

Work ongoing in the theory community (SM/NP) to better understand this bin



Lepton Universality

LHCDb performed a lepton universality test in
B*—K*¢*¢” with full Run-I dataset

Candidates / ( 40 MeV/c?)

BF(BT— KTputu™)
BF(BT — KTete™)
— 0.74570- 029 (stat) 4 0.036(syst)

Rk =

Result deviates 2.60 from SM prediction of Ry =1
Result with my at the J/y resonance consistent with 1

iy - o
2(InL-log Lbcst)

Work ongoing to test lepton universality in K*¢*¢
and ®¢*¢” models

Naturalness 2014, Weizmann Institute
of Science. Rehovot
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Phys. Rev. Lett. 113, 151601
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Results on b=2sll

Measurement

Luminosity | Reference

BR(B*—m"p"pr)

b

JHEP 12 (2012) 125

BR(B,—K'e*e)

et

JHEP 05(2013) 159

B,—K'p*yr, angular analysis (I) (Agg, Fi, S;--)

bt

JHEP 1308 (2013) 131

B.—®p*, angular analysis

1 fb!

JHEP 1307 (2013) 084

BR(A,—Ap")

Lt

PLB 725 (2013) 25

Resonance searches in B* K 'p™p-

S

PRL 111, 112003 (2013)

B;—K'p*y, angular analysis (II) (P)

Lt

PRL 111, 191801 (2013)

B—K0® p*p-, BR and Isospin Asymmetry

e

JHEP 06 (2014) 133

B=Kp'p, Agg, Fy

SRiag!

JHEP 05 (2014) 082

B—KI*l" Lepton universality

SRiop

PRL 113, 151601 (2014)

B—KO p*p- CP asymmetries

3 fb-!

JHEP 09 (2014) 177

BR(B*—hhhp*)

Naturalness 2014, Weizmann Institute
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L NIBEEF
Conclusions

B,; — wpu full Run-I dataset analysed, also combined with CMS Run-I data
* B, — ppu significance is 6.20.
* First evidence for B; — pu (3.20) . Ratio B,/ B, within SM at 2.30 Level

Results and prospects for rare strange and cham decays presented

» Study rare kaon/hyperon decays require trigger work. If you have ideas
of interesting channels, shout asap

B; — K* pu angular analysis using 1/3 of Run-I data. LEE-corrected SM p-
value is 0.5% when analysing P* observables.

Lepton universality tests on B*—K*€*¢" within SM prediction at 2.60



Bone, you are
hard...

... butam
patient...

source: google osso duro
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: PRL 112, 161801 (2014)

[
e
A
[
—
| N
9
\—
Y

Full dataset analysed

~14k signal events in My, [1.1,1.9] GeV O

2
Lh
=
(=

LHCb

Candidates / ( 50 MeV/c?)

First measurement of non-zero photon 2000 Signal -
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Angular analysis of

Electron channel allows to go to very low
q? where photon pole contribution

dominates

Time dependent analysis of

I'(t) = |Al]?e "+ (msh

beNIBEEF

e

ongoing.

3 fb™ Sensitivity from toy-MC

Fr,  ARe AR Ale
o 0.07 017 025 0.25
o | 0.03 005 005 0.05

is ongoing. Allows to extract photon polarization

&gst — A% sinh ﬁFSt)

AD = 0.047 +0.025 + 0.015,.,

Run-I expected sensitivity: ~0.3

Naturalness 2014, Weizmann Institute

of Science. Rehovot
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Other very rare decays @ LHCD

Main BSM test 95% upper limit /
Some SUSY scenarios | <1.6x10° (arxiv:1303.1092)
Some SUSY scenarios | <6.6x10? (arxiv:1303.1092)

T UL EEV {ex:-LHT) <5.6x108 (arxiv:1409.8548)
(still below B-factories sensitivity)

Bs(d)*uuuu

RPV, Pati-Salam LQ... | <1.4x1038 wrch-paPER-2013-030) Mia(B® — e=u™) > 106 TeV/c2
RPV, Pati-Salam LQ... | <3.7x107 wrcb-parER-2013-030) iR AEE R AR IS Tyl vavtee

B_)XH+H+ 4th gen. Ma] oranas See arXiv:1201.5600

Naturalness 2014, Weizmann Institute
of Science. Rehovot

A good example of
flavour physics
accessing high energy
scales
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Results on b=2sll

Measurement

Luminosity

Reference

BR(B*—>m*p*y)

1 fb!

arXiv:1210.2645]

BR(B,—K'e*e)

1 fb!

arXiv:1304.3035]

B,—K'p*y, angular analysis (I) (A, Fi, S;--)

b

arXiv:1304.6325]

B,—®p*p, angular analysis

i

arXiv:1305.2168]

BR(A,—Ap')

i

arXiv:1306.2577]

Resonance searches in B* K 'p™p

Lt

arXiv:1307.7595]

B,—K'p*y, angular analysis (II) (P)

i

arXiv:1308.1707]

B—K0® p*p-, BR and Isospin Asymmetry

b

arXiv:1403.8044]

B=Kp'p, Agg, Fyy

3 fb!

arXiv:1403.8045]

B—KI*l" Lepton universality

i

arXiv:1406.6482]

B—KO p*p- CP asymmetries

b

arXiv:1408.0978]

BR(B*—hhhp*p)

3 fb!

Naturalness 2014, Weizmann Institute

of Science. Rehovot
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Bs(d) — uu

These decays are very supressed in SM

BR(B, — uu) = (3.54 + 0.30)x10° —

BR(B, — pp) = (1.07 + 0.10)x101

Eur. Phys. J. C72 (2012) 2172,
arXiv:1208.0934.

(time averaged)

(note also the high TH precision)

e

But several NP models could sizably modity those

values, sometimes by orders of magnitude.

o, 95 T T T T T T ED (R_S)

< F_
|| NUHMLSUSY) _arXiv:0912.1625
oF pre-LHC
5 - arXiv:0907.5568v1
N3
£ -
3 pv., L S
15— 'l L A L ><1 o 5 1.0 1.5
L R TV LS L S - TV 1

PR —10
BR(B ) B(By - p* ) [1077]

= Whatever we measure, it impacts NP searches

Naturalness 2014, Weizmann Institute
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BR(B,)—>p'y ) =(3.66+023) x 10° (6.3%) |
[BR(Bﬂ—mm-) = (1.06+0.09)x 1010 (8.5%)| oot

Bl—uu fg;, CKM ¢ M; as  other param. | non-param. Z

H
Gon) (3% 13% 16% 01%  <0.1% 15% | 6.4%

BO—pty~ fz, CKM 1, M, as  other param. | non-param. | )
05% 16% 01%  <0.1% 15% | 8.5%

error budgets
o fg, = 227.4(4.9) MeV non-param.

[FLAG 13, arXiv:1310.8555] s f CKM
M, b
r
ik NON-param

o V4 from recent inclusive fit
CKM

[Gambino, Schwanda 13, arXiv:1307.4551]
The uncertainty of CKM matrix elements is now larger than the uncertamty on fg_ 4

o fg, = 190.5(4.2) MeV
[FLAG '13, arXiv:1310.8555]

Naturalness 2014, Weizmann Institute
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BR(K_-> uyt) 90%CL limit
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