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- BO—>K*OM+N_

= Angular analysis.

= Results using form-factor independent observables.
o BT — Ktutu~

= Observation of a low-recoil resonance.

n Measurement of direct CP asymmetry.
w Bt - Ktn—nty

» CP and up-down asymmetries.

S. Wright (University of Cambridge) 25/11/2013



Study of flavour changing neutral current decays that have no
tree-level Feynman diagrams.

Hence proceed via loop and box diagrams, and New Physics can enter
through the loops.

I+

. W

b u,c,t s b
Theoretical framework via an effective Hamiltonian:
Wilson coefficients (C;), describing short-distance interactions

Operators, (O;), describing long-distance interactions
10
4Gg .
Heff = _W th Vts Z(CISM + AC;NP)O,'
i=1

S. Wright (University of Cambridge)



Decay distribution summing over B® and B® mesons:
1 ar B
dr/dq? df,dfxdedq?

9 3 .2 2 1 .2
327r[4(1 F1.)sin® 0k + Fr cos” Ok + 4(1 F1.) sin” Ok cos 20,

— F1, cos® Ok cos 20; + Sz sin” Ok sin® 0 cos 2p

~+ S4 sin 20k sin 26; cos ¢ + Ss sin 20k sin 6, cos

+ S¢sin® Ok cos 0, + Sz sin 20k sin 0 sin ©

+ Sg'sin 20k sin 26, sin o + Sg sin” O sin® 6 sin 2¢]
(from Altmannshofer et al JHEP 01 (2009) 019)

Observables include:
Fi,, the K*O longitudinal

NN NV polarisation fraction.
\ \ N \ \ _
N\ \{Hl\\\}:B \4—9{ \ AFB = %565’ the ,U,+,U,
N NN forward-backward asymmetry.
NN A% =2S3/(1 - F) and
R AL Ale = 2App /(1 — FL), a pair of

K*0 transverse asymmetries.

S. Wright (University of Cambridge)



dB/dg? [107 x ¢4 GeV?Y]

Differential branching fraction
obtained by performing an
extended unbinned maximum

likelihood fit to the K7~ ptpu™

invariant mass distribution in

each of six g bins.

=
n

Theory EEEBinned
—o—LHCb

os!—+'-

LHCDb

o

5 10

S. Wright (University of Cambridge
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20
q 2 [GeV?/c?)

Candidates / (10 MeV/c? )

Cancidatos /(10 MeV/c?)

Candidates / 10 MeV/c? )

o
5200

LHCb

0.1 < <2GeVet
Osignal
Combinatorial bkg
B Peaking bkg 4
4 Data

5400

5600
(KX ) MeVied)

LHCb
2<q?<43GeVct

5600
MK ) [MeV/e?]

5200

LHCb
43 < <8.68 GeVi/c*

5400 5600
(T W) [MeVie?)

LHCb
10.09 < ¢ < 12.86 GeVa/ct

) MoV

5200

LHCb
14.18 < <16 GeV/ct

+

5400 5600
m(K' ) [MeVicd]

LHCb
16.<d <19 GeV?/c!

5600
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Theory EEEBinned Theory EEEBinned

—o—| HCh —o—LHCb
— T T T o 4 T T T
w ] < [ ]
o8 LHCb E I LHCb 1
| : " ;W
0.6] — | E—
_+_ B 0|
* ﬁf ; ]
] 05k ]
0.2 ] r 1
| L L L
0 5 10 15 2
q2 [GeVZ/c4]
Theory EEBinned
—o—LHCb
& T T
=t ]
oF
| Il ]
LHCb
| S . .
0 5 10 0 5 10

15 20 15 20
q2 [GeVZ/c4] q2 [GeVZ/c4]

Good agreement with theory predictions.

S. Wright (University of Cambridge)



The large theoretical uncertainties on these observables are, in part,
due to large contributions the hadronic form factors.

Combinations of Fy, and S; can have reduced form factor
uncertainties.

Si=4,5,7.8

At large recoil (low g?), the combination P/_, ;s ¢ = ——=2I8_ s
' IRl 1/ FL(]-_FL)
largely free of these uncertainties (arXiv:1303.5794).

These observables are sensitive to New Physics in the Wilson
coefficients C7, Co and Cig:

Co = vector
component
Cy1p = axial-vector
component

7

/
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P§ and P found to be close to their SM predictions, which are close
to zero, over the full g% range.

4 T T T T T T T

* o8 SM Predictions LHCb N & os- LHCb 4

SM Predictions
0.6 — 0.6~ —
0.4 —+— Data — 0.4] :+' —+— Data -1
0.2f~ - 0.2k
S S B i M -
-0.2- — -0.2- '—+—' —
-0.4 — -0.41 —
- -—+—- l — -0.6f- +—+— -
1 1 1

-0.6
-0.8 - -0.8- —

1 1 1 1 1
-1 -1

0 5 10 15 20 0 5 10 15 20
q2 [GeVZ/cH q2 [GeVZcH|

In the 4.30 < g% < 8.68 GeV?/c* bin for PL, there is a 3.70
discrepancy between the measurement and the prediction.

Considering 24 independent measurements, the significance drops to
2.80.

In the range 1.0 < g2 < 6.0 GeV?/c*, the deviation from SM is 2.50.



1.0
4
. 05 Data o
SM prediction
5o 0 @ 0.0 —1— CQNP =_15
- 08 (Descotes-Genon et
. » al, PRD 88, 074002
-0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 0 2 4 6 8 (2013))
ar 9 GeV?)

Can potentially explain this discrepancy by a negative New Physics
contribution to the Wilson coefficient Cq.

However, this cannot occur in models such as MSSM or
partial-compositeness (Altmannshofer and Straub, arXiv:1308.1501)...

...but it could in models with a flavour-changing neutral gauge boson,
a Z', with mz ~ 7TeV. (Gauld et al, arXiv:1308.1959; Buras and
Girrbach, arXiv:1309.2466)

S. Wright (University of Cambridge)



(B~ - K prp™)—T(BY > Kfutu”)
(B~ — K-ptp=)+T(BY — Ktputpu~)

Acp(q?) =

Acp ~ 107% in the Standard Model, and should be similar to
Acp(B® — K*Outp=) = —0.072 + 0.040 (PRL 110 031801).
Analysis performed using 2011 LHCb data set (1.0fb™1).

Use BY — J/1K™ as a control channel to account for production
and detection asymmetries:

Acp = Araw (BT — KT p ™) — Apaw (BT — J/KT) + Acp(BT — J/K™).
CP asymmetry extracted from simultaneous unbinned likelihood fit of
Bt — J/¢YKT and BT — KT p*u~ mg,, distributions in bins of 2.

Average of results for both magnet polarities taken to reduce detector
effects.

S. Wright (University of Cambridge)



Events/ (10 MeV/c?2)

Acp over the full g? range is the

average of each g2 bin weighted by
signal yield and efficiency.

Acp = 0.000 + 0.033(stat.) +
0.005(syst.) £+ 0.007(J /¥ K).

World's best measurement by a factor
of 4, and consistent with both SM and
B® — K*9u* i~ measurement.

Mass fits for one polarity below:

4 [GeV?/c4]
o LHCb
sof N =230 +17
aof
3oi
20f
10 \
50166- = 52%0 5300 5400 5500 5600

Myr (MeEV/C?)

Events/ (10 MeV/c?)

=
50F
sof
a0}
20f

10}

T T
LHCb

N =238+ 17

S

S. Wright (University of Cambridge)

B )
5400 5500

5600
My (MeV/c?)



Using both the 2011 and 2012 data sets (3fb™?!), look at low-recoil
region (high ¢°).

For high g2, able to investigate the structure of the resonances
coming from above the open charm threshold.

% 150F LHCb ;g)atlda E .

2 nonresonant Unconstrained 1(4160)
£ - e B[x10~°] 39705 35753
7 background 5 +.9 .
g oy | Mass [MeV/c?] 4191%9  4190+5
Ol e Width [ MeV/c?] 6512 66 + 12
R - s Phase [rad] 17403 -1.8+03

mp.p,[MeVIcz]
Resonance at low-recoil observed with significance > 60.

Consistent with 1/(4160) resonance seen by the BES collaboration.

S. Wright (University of Cambridge)



Radiative decays are also
mediated by penguin diagrams r/-/;ﬂ‘
in the SM. W= o277

. . . AN -
However, their signature is a / \‘W
. . . fo [] fo P
high-Er photon in the final b et
state.

For the above b — s+ transition, the SM photon is predominantly
left-handed, with weak amplitudes satisfying |c;|? > |cg|?.

Define photon polarisation \,:

_ lerl —al?
T erl? A fef?
so that Ay ~ —1 (+1) for B~ (B™) decays.

However, several BSM models predict that the photon acquires a
significant right-handed component.

S. Wright (University of Cambridge)



Acp in BT — KT~ 7" (LHCb-CONF-2013-009)

u Consider B — Kies(— KTm~mT)y decays corresponding to
L=2fb1

u Acp is calculated similarly to BY — Ktputpu~, using BY — J/ypK™
as a control mode again to account for production and detection
asymmetries.

Partially EP aen % sl Tor
2, - ]
reconstructed H ]
2 g0 - < 800] 3
background . ] ik ]
Missing pion & E S E
background ]
. . 200 3 — 200 ]
Combinatorial ) ey T
background MK TeTey) [Mev/c?] M(K TTTy) [Mev/c?]
0 0
Signal I R

Acp = —0.007 £ 0.015(stat.) & 0.008(syst.)
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BT — K*t7m~ "y (LHCb-CONF-2013-009)

. = Also measure the up-down
0. asymmetry:
! dr
— f dcosadcosé‘ f dcosadcose

. \ - —
n=pixp2 N D1 Aud
IA, P?f// 1 f_l dcosf 9
rf‘) | _3, [ dsdsizdsasIm[n - (J x J*)]
1 T 477 dedS13dSz3|.72|

= So Aug o< Ay, and we extract the significance compared to a no
polarisation hypothesis.

= Perform mass fits for A4
simultaneously on separated
BT and B~ data sets.

150

Events / ( 8 MeV/c?)
g

= Choose specific region in }
#
Myt -+ to conduct #W}{#} ﬂ#ﬁgﬂh
analysis (PRD 66 (2002)
1600 1800
054008). M(Kmr) [MeV/c?]

W
(=}
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Up-down asymmetry in BT — K™ 7"y

Mass fits for Bt mesons:

LHCb
Prefiminary

Candidates/ (50 MeV/c®)
Candidates/ ( 50 MeV/c )

Al = —0.084 £ 0.026(stat.) = 3303 (syst.)
A,y = —0.086 £ 0.025(stat.) £ 0.002(syst.)
m These are significances of 3.20 and 3.40 from the no polarisation
hypothesis.
» When combined, we obtain the first evidence of photon polarisation in
b — sy with a significance of 4.60
Ayq = —0.085 £ 0.019(stat.) £ 0.003(syst.)
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With the 2011 data set (1fb~! at /s = 7TeV), LHCb has produced
multiple interesting results:

Angular analyses of B® — K*0u*u= and B? — ¢u*u~, highlighting a
potential discrepancy in the observable Pf.
World's best measurement of CP asymmetry in BT — KT ptpu™.

The most accurate measurement of B(Ap — Aptu™).

Using the 2fb~! of \/s = 8 TeV data taken in 2012, evidence has
been found for photon polarisation in b — s+ transitions.

And combining both data sets, a resonance at low-recoil has been
observed in BT — KT put ™ decays.

This is just the start of the improvements and new discoveries that
could arise from the full analysis of the 2012 data!

S. Wright (University of Cambridge)



www.caths.cam.ac.uk

Catherine of Alexandria

S. Wright (University of Cambridge)


http://www.caths.cam.ac.uk
http://en.wikipedia.org/wiki/Catherine_of_Alexandria
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) 10

% 4000

= - Analysis performed in six bins of g2, as
73000 .

& well as the region 1 < g2 < 6 GeV?/c*.
E 2000 1 The charmonium resonance regions

corresponding to B® — J/K*0 and
B% — ¢(2S)K* are vetoed.

10

o L v 1
5200 5400 5600

m(K' T ) [MeVic?]

The signal is selected using a boosted decision tree, and several
additional vetoes are implemented to remove peaking backgrounds.

An acceptance correction, compensating for discrepancies in the
angular distributions caused by the selection, is performed using
simulated Monte Carlo samples.

The mode B® — J/9K*? is used to improve the agreement between
data and simulation.

S. Wright (University of Cambridge)



BY — ¢ut ™ (JHEP 1307 (2013) 084)

» Physics similar to B® — K*9u* i~ but final state does not self-tag.

= Perform a very similar angular analysis.

’ of LHCb
= LHCb LHCb ;

e ﬂ:p ¥ l+ T

5 10 5 10 15
' [GeVZId‘] 2 [GeV¥c!]

e
2

dB(B.—ou 1 )ldg? [GeVict]

w BY — ¢utpu~ branching
o LHC"_ ok ] fraction lower than the
4_L o :t —l—+ Standard Model (dashed

Ay
=

=
5
G

‘]"+ ' line)
-0.5F E -0.5F 3
= Angular observables
S e S0 e agree with SM
predictions.
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Analysis on baryonic modes can probe helicity structure of
Hamiltonian, and also different hadronic physics than the B meson
decays.

Using 1fb~1, start by measuring the differential branching fraction,
using the control mode A, — J/pA.

=
n

LHCb ) i 1 A= AW
[0.00-2.00] GevZc* [2.00-4.30] Gev/c* [4.30-8.68] GevZ/c*

i
o

=
T

15 [10.09-12.86] GeV/ct

Candidates per 10 MeV/c2

N
1S}

%

|
|

dB(AWW)/dg? [107(GeVc) Y

o

o
o
=
S}

1 Vo _
15 2 20 54 56 58 54 56 58 54 5.6 58
R [GeVc M(AWW) [Gev/c

78+ 12 Ap — Apt ™ decays found, predominantly at high g2.
B(Ap — Aptu™) =0.96 + 0.16(stat.) & 0.13(syst.) & 0.21(norm.)
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