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Branching fractions



BO-*

* Although larger theoretical

dB/dg2 [107® x c*/GeV?]

uncertainties from form
factors — previous
measurements show some
tension with SM predictions
[JHEP 06 (2014) 133]
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BO.— ¢utw

« Recent LHCb measurements of B%.— ¢u*u show similar
trend in low g2 region
— Narrow ¢ resonance gives clean signal

B o . 2 2
3.30 from SM prediction in 1<qg4<6 GeV [JHEPO9 (2015) 179]
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 HKR15 calcn takes into N
account low g2 resonances 1 - ;3"(chz/(.4)
for which we see a hint 10

—

and A.p measurements of
b—d transition, B*-a u*w
— Agree with SM but on low side
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« Have ~300 A\, —» Au*w
candidates at LHCb

« Establish evidence for signal
0.1<g%<2.0 GeV?/c* for 1st
time, no significant signal in
1.1<g%<6.0 GeV?/c*

<= [JHEP 06 (2015) 115]
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BO—K™Ou*

« Recent CMS measurements
of BO—KOu*u BF

« Compatible with both SM
prediction and previous
measurements

Chs,

[arXiv:1507.081206]

1,CMS 20.5f " (8 TeV)
L + Data

10 S0 (SM, LCSR ) JHEP 09 (2010) 089, IHEP 02 (2013) 010

| ( SM, Lattice pRD 89 (2014) 094501 N

dB/ dg? (107 x Gev™?)

~ 12—

w> - #CMS (7,8 TeV)

S ol LHCb PRL 108 (2012) 181806 (1fb ~?%)

° - BaBar PRD 79 (2009) 031102

= I Belle PRL 103 (2009) 171801

S 8- CDF PRL 108 (2012) 081807

T L

S oL —— |

St
T e —— iy
2
0 AAAAAAAAAAAAAAAAAAA | BPETET T B | IR A
0o 2 4 6 8 10 12 14 16 18



LHCD
- L)

Upcoming LHCb measurements
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Angular analyses
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BO—K™Ou*u — Introduction
[LHCb-CONF-2015-002]

1fb-1 angular analysis statistically dominated, have added
2fb-1 data

— Allows us to refine g2 binning scheme, selection procedure

— Previously had systematic uncertainties from efficiency correction,
S-wave contamination — have established better control of both

— 3fb-! still completely statistically dominated
(will not discuss details of analysis or systs etc.)

Make simultaneous determination of all eight CP-averaged
observables in a single fit (— provide correlation matrices)
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Events / 5.3 MeVie?

Events / 5.3 MeV/e?

BO—K™u*u signal

selection sy

LHCD

« Even in finer g2 binning scheme, signal well-established in

every g2 bin :
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Correcting for the efficiency RSy

Detector and selection distort the
angular and g? distribution
— Momentum/IP requirements

Efficiency
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Fit signal distribution modified by
4D efficiency function, e,
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phase-space simulation
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Cross-check with BO—K™0J/y ... oY e,
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* Reproduce angular observables measured elsewhere
[PRD 88 (2013) 052002]

B°—K™0J/p angular fit
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Determining the S-wave

Select Kt in a mass window 795.9< m, .. <995.9 MeV/c?
— PID — no ambiguity tKvs Kn  [cf CMS: 8% wrong assignments]

Get contribution from S-wave confign., as well as P-wave

— fraction of S-wave, Fg, dilutes P-wave observables
1 (' +7T)
AT+ 1)/ ad

9
= 397 [%(1 — F)sin® g + Fy,cos®
P

+i(1 — F1) sin® g cos 26,

—Fy, cos? Ok cos 26; + S sin? O sin? 6; cos 2¢
484 8in 20 sin 260; cos ¢ + S5 sin 20 sin 6, cos ¢
+§AFB sin’ O cos 8; + Sy sin 20k sin 6, sin ¢

+Sg sin 20 sin 26 sin ¢ + Sy sin? Ok sin? 6; sin 2(25]

Introduces two new amplitudes and six new observables

Make simultaneous fit of m,_ distribution to constrain F¢
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Determining the S-wave

Select Kt in a mass window 795.9< m, .. <995.9 MeV/c?
— PID — no ambiguity tKvs Kn  [cf CMS: 8% wrong assignments]

Get contribution from S-wave confign., as well as P-wave
— fraction of S-wave, Fg, dilutes P-wave observables

1 d*(C'+ 1) — (1-R) 1 d*(C'+T)
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T

Introduces two new amplitudes and six new observables

Make simultaneous fit of m,_ distribution to constrain F
17
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B°—K™ u*u likelihood fit RS

- Maximum likelihood fit to decay angles and my, in g2
bins, simultaneously fitting m, to constrain F

log L= Z log [E(Q, q2)fsigpsig(ﬁ)Psig (mKﬂ‘p,p,)

+ (1 — fsig)Pbkg(ﬁ)Pbkg(mKwu)}

+ Z log [fsigpsig(mKW) + (1 _ fSig)Pbkg(mKW)]

d3 (4T
° where, 7)sig(Q) = d(F—I—Il‘)/qu (d(:il_ )

S+P
Pbkg (Q) = 2" order (chebychev) polynominal

Psig(mKw) = Breit-Wigner + LASS parameterisation 5



Events /0.1

Fit projection 1.1<g*<6.0 GeV?
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Fit results: F
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AFB

F|t results AFB, 87, 88, 89
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The tension in Py

« Tension seen in P’ in 1fb-! data confirmed with 3fb-:

= n 1

A I T L L B R
i LHCb

0.5k preliminary N
}+ r SM from DHMV E

of

—l—t

|+ :
-O.SE— + + | —?

'10"' 5 10 5
q* [GeV?/c4]

« 4.0<0g%<6.0 and 6.0<qg?<8.0 GeV?/c* bins each show
deviations of 2.90
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The tension in Py

« Tension seen in P’ in 1fb-! data confirmed with 3fb-:

‘Q_‘ L L

LHCb
0.5 preliminary

SM from DHMV i

of

N

0 5 10 15
q* [GeV?/c4]

« 4.0<0g%<6.0 and 6.0<qg?<8.0 GeV?/c* bins each show
deviations of 2.90
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 CMS make 2d angular fit to
0, and 6,

 Measurements in good

agreement with SM and with
LHCDb data

Chs,

[arXiv:1507.081206]
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Ny — AT

* Where signal significance is >30, use angular analysis to
determine A.g in both hadronic and leptonic systems

[JHEP 06 (2015) 115]

e 0.5 - L I R B L & 1 SELEELL L =
04E 4 < 08F =
0.3 E_ LHCb SM prediction _g 0.6 E_ LHCb SM prediction _E
0.2 ;— ™ Data _; 0.4 f;-—- ™ Data _i
0.1F - - 0.2F =

oF Hadronic asymmetry E N + ]
0154 E LI ‘ [ a { ____ =
0260 T e 4 o4 0 B =
03B i mms T = 0.6 Leptoni t =
04E ‘ 3 0sE eptonic asymmetry _E
_()5 E L PN S R S S S S 1' IR T N PR R - E _l - PO (N TR TN TN TN T SR TR SN SN S U S S SR S ]

0 5 10 15 29 0 5 10 15 20
q* [GeV7/c?] ¢ [GeV¥ 4]

« AP is in good agreement with SM prediction [PRD 87 (2013) 074502]

« Al; is consistently above the SM prediction (large cc?)
25



B°— K*%e*e™ angular analysis

« Have made 3fb-! B’— K*Oe*e™ angular analysis for
0.0004<g?%<1.0 GeV?/c?

* Very different experimental challenges: trigger and brem.
 Determine angular observables F, A2, ARe, A;Im

Candidates / (30 MeV/c?)

- %?el ..... B’ —» K%t LHCb -

- B B —~>(K"X)ete .
25 Combinatorial . ]
20— —
15F —
10F ‘PH e : R —

s Lt "N =
0“" R &

4800 5000 5200 5400
m(K'ete’) [Me VI

(See Arantza’s
talk, tomorrow
morning... )
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Candidates / (0.2)

B°— K*%e*e™ angular analysis

----------

sof LHCb) 4 § ,f ig*s 1 LHCb '
A3 s 1= % —— 3
& ] & oo ] S — [
3o 4 B = ] £ 2f ;
A‘K%;\‘F — 1 48 a 18 & E
2080 el = 15 ] § E e ;
T R UUURSRRPPEI I 4 E E 10 —
S S RN 2 ST B S
-0.5 0 0.5 -1 -0. 0.5 1 0 1 2 3
cos b, cosb, o [rad]
[arxiv:1501.03038] [JHEP 05 (2013) 043]
obs. result obs. SM prediction

AP
ARe
Al

+0.16 == 0.06 £ 0.03

—0.23 £0.23 £ 0.05
+0.10 = 0.18 == 0.05
+0.14 £ 0.22 £ 0.05

F, +0.10" o5

2 0.05
A(E ) +O'03$8'821

Al (—0.2%{%) x 10~*

* Results are in good agreement with SM predictions
 Constraints on C,{) competitive with radiative decays
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Upcoming LHCb measurements
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Ratio measurements
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Rk

The ratio of branching fractions,
Ry = B(B*—K*u*w) / B(B*—K*e*e’)

-o-LHCb -m-BaBar —-a—Belle

v T T T T T T 1T T
& | )
: : : i LHCb 1
Precisely predicted in SM, sb B
~L i i
RK = 1.00030 +0.00010 -0.00007 : l
l: +. T SM
But ;‘HCb mgasurement In 05 sm Bobeth et al. arXiv:0709.4174
- BaBar PRD86 (2012) 032012
1<q <6 Gev . B:llea | PRLI'IO.?E (200)9)|171801 |
% 5 10 15 20
0.090 0.036 2 [GeV?/c*
Rc= 0.74570 27, (stat) T 55 (syst) ¢ [GeVIc]
— 2.60 from SM prediction (See Francesco’s talk, this

afternoon...) 0



Upcoming LHCb measurements
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Conclusions

« Branching fraction measurements continue to show mild
tension with SM in low g2 region

« B°—KOu*u angular analysis
— New benchmark for the experimental measurement

« Simultaneous determination of all eight CP-averaged
observables in a single fit (correlation matrices)

« Background suppression; Handling s-wave; Model
independent determination of experimental effects

— P.' deviation confirmed: Two g2 bins with significance of 2.90
each; effect in Ag?

* Lepton-universality challenged by Ry measurement —
would like to see effect in other channels

32



Conclusions

* Are the measurements compatible with a consistent
underlying effect?
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[Altmannshofer, Straub, EPJC (2015) 75: 382] 33
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ATLAS NOTE y
ATLAS-CONF-2013-038

I Withdrawn: June 17, 2015|

Npr-<p»
/
\

Angular Analysis of Bg - K%y
with the ATLAS Experiment

The ATLAS Collaboration

Abstract

A measurement of the forward-backward asymmetry Ay g and the fraction of the K*° lon-
gitudinal polarisation F. in the decay B, — K*"u” y as a function of the di-muon invariant
mass is presented. A data sample of 4.9 fb! of integrated luminosity collected with the
ATLAS detector at the LHC at CERN taken in the year 2011 is used. The measurement is
compared to the expectations from the Standard Model.

A bug has been found in the analysis in the calculation of the kinematic angles (Figure 1
in the conference note; the definition was correct, but the implementation not). This invalid-
ales the presented analysis result.
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