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Physics motivations
and experimental
setup s



http://www.nature.com/nmeth/journal/v11/n12/full/nmeth.3173.html

Motivations

* Since the early 700s we know that Flavour Changing Neutral

Currents (FCNCs) are forbidden at tree level in the SM and only
occur as loop-suppressed
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e Branching fractions or angular distributions  can be altered
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Motivations

e Model independent description in effective field theory

4G

e Wilson coefficients (WC)
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Experimental setup

e Extensive study of B mesons by the B-factories: 2000-2010

m/K, detector

EM calorimeter
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On resonance:
Y(5S): 121"
Y(4S): 711 !
Y(3S): 3th*
Y(2S):25fh °
Y(1s): 6’
Off reson./scan:

~100 b !

~ 550 fb!
On resonance:
Y(4S): 433 b °
Y(3S):30 b
Y(2S): 14 tb *
Off resonance:
~-54 b

I Mainly B, and B4 produced (~770M + 470M bb)

I Clean environment wrt hadronic machines

o (bb)
o(hadrons)

= 0.28
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Common analysis techniques

[ N [ . D
Kinematics of fully reconstructed B K/! separation
;'. 120 i : z S S
:'”:: ‘l ’”E.S' = \/F;;‘uw - ]);—‘ i-?,-v().u - (b) BabBar «
o o} { !
oo Mes ‘ | Very good R 3
" (Moe) | AE=Ey-E,, particle ID " K
T e e T AR between 1.5 |
LM r . L AE and 4 GeV/c | |
N L
. e o ool E Lo s WY S
';“" f T fl‘ 15 2 25 3 35 4 45 3
a00 £ -0 T _ .. :;: . . pGeVic)
. S 3 522 524 526 528 0 10 20 40 40 50 6O 70 R0 90 J L )
Background discrimination
Suppression by multi-variable classifiers e (48) BB |t a3
based on event-shape variables :#
Topology:
Strongly discriminate continuum events Ps ~300MeV/c
(ee™ qq (g =u,d,s,c))
Variables are often combined ina  likelihood function , used in a maximum likelihood
fit for signal/background separation and to measure parameters of interest
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Angular analyses of
B! K’!*!-decays




Angular analysisof B! K’!*l~decays

o Decay fully described by three helicity angles $ = (%, %, ")and q?=m’

1 d*(I'+T 9 ..
d(T +T)/dg? (dg ) = (301~ Fi)sin® 0x + Fy cos? O + §(1 — Fi)sin? O cos 2

— Fy, cos? Oy cos 26, + S sin? Oy sin? 6, cos 2¢

+ S, sin 20 sin 26, cos ¢ + S5 sin 20 i sin 6, cos ¢
- %AFB sin® Ok cos @ + S7 sin 20k sin O sin ¢

+ Sg sin 20 sin 26, sin ¢ + Sg sin? O sin® O, sin 2¢]

o Angular observables, F, Ars, S appearing in the full
decay rate are combinations of K" amplitudes

depending on WC C!", C{”, C:§” and form factors (FF)
o Large part of theory uncertainty due to hadronic FF
o Introduced the P observables, less dependent on FF:

P2:!g ArB

311 FL) ST T A= ) TEL-FL)

[S. Descotes-Genon et al., JHEP, 05 (2013) 137]
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Angular analyses of
B! K’!*!-decays

. PRD 93, 052015 (2016)
f N arXiv:1508.07960 [hep-ex]

471 million BB pairs

] “}nam#


http://arxiv.org/abs/1508.07960
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" Angular analysis of B! K’!*1 - decays

PRD 93, 052015 (2016)

e Analysis strategy:

. . *O+ 00—\ ~ -7
I Very Challengmg. BF(B - K &&) ~ 10 g* bin ¢ min (GeV?%c*') ¢* max (GeV?/c?)
l 5 exclusive final states: @ 0.10 2.00
0 q3 2.00 4.30
BT - K**(— K*n")ete™; Bt - K**(— KM H)utp—; g2 4.30 812
2 10.11 12.89
Bt - K**(—= Kin*)ete™; B°— K*(— Ktn )utp; 322 14.21 (mp — mx-)?

B - K*%(— Ktn)ete . % 1.00 6.00

| Analysis performed in 5+1 ¢? bins

01

I VetoJ/! and' (2S) and used as control samples

Sitps, BDT for qg'suppression in
- Bt - K**(—= K%rt)ete

I Build 8 separated Boosted Decision Trees (BDT) to g
suppress BB and qgbackgrounds (qgq BDT > 0.4) 107

| Measures Fi, Argand P, in each ¢* bin in
a several stage LH fit (see next slides)

10°

| Ignore my; S-wave component in the LH fit 1o+ BaBar i

1 1111 1111 1111 1111 1111 | 1111 1 41 1 I 1111
0 01 02 o 0. 0. 0. 0. 0. 0.9 1
BDT Output
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Angular analysisof B! K’!*l~decays

PRD 93, 052015 (2016)

e Fitting strategy:

I Include in the fit a likelihood ratio (Lgr) built from BBBDTs
| Measures F, Apsand P, in each g? bin in a several stage fit
1. 3D fit to mes (>5.20), mkrand Lr! PDF shapes and normalisations fixed for next steps

B’ - K*9(— K*n~)ete™ ing?

o 15 = : Total PDF BdBar g “BaBar < © BaBar
ér PP : Crossfeed S 15 S 201 i
o - - - : Combinatorial P N -+ =
~ 10 : Charmonium | [, T 10" 2 15:
n - ° . -+ ) C O s
c - > u > 3
S F w 0 10E
g
s o,
N \3\
5|2|||||||||||||||||||||||||||||||||||||5|.|2|8|||
mES
Mode ] gt g g gi g
B K*¢{T¢ 40.8 = 8.4 31.7+ 7.1 11.9 £5.5 21.3 8.5 31.9+9.2 33.2+ 7.8
BT 5 K*t¢te 17.7 £ 5.2 8.7+4.1 3.8+4.0 7.7 £5.6 9.0+48 04+4.2
BY & K*¢te~ 23.1 £6.6 229+ 5.8 8.1+38 13.7 6.4 228 + 7.8 23.8 £6.6
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Angular analysisof B! K’!*l! decays

PRD 93, 052015 (2016)

e Fitting strategy:

» Include in the fit a likelihood ratio (L) built from BBBDTs
» Measures F, Apsand P, in each g? bin in a several stage fit
1. 3D fit to mgs (>5.20), mkrand Lr! PDF shapes and normalisations fixed for next steps

B’ - K*9(— K*n~)ete™ ing?

=
o1
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Events /(0.02)
|
t

Events / (0.04)

|III‘I I‘I‘I‘III‘

Events / (10.0045)
[HEN
o

o1
TP T T[T T T[T

Angular fit region for next steps: mgs (>5.27)
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Angular analysisof B! K’! *l~decays

PRD 93, 052015 (2016)

e Fitting strategy:

» Include in the fit a likelihood ratio (Lg) built from BBBDTs

» Measures F, Apsand P, in each g? bin in a several stage fit
1.

2. 4D fit to mgs (>5.27), Mkx, Lr and cos( k = measure Fp, as only free param.

) dosTe) = 2"HEIC0S 1+ {0 AL 08 1)

-
o

B! K¢ ing:

8l— BaBar
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8 BaBar
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Angular analysis of B! K7!”P! decays

PRD 93, 052015 (2016)

e Fitting strategy:
» Include in the fit a likelihood ratio (Lg) built from BBBDTs
» Measures F, Apsand P, in each g? bin in a several stage fit
1.

2.
3. 4D fit to mgs (>5.27), Mk, Lr and cos( ¢ = measure Agp as only free param. (k.
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WCBY 1K in g2
8:—BaBav,r

B! K*¢ ¢ ing?

- BaBar

Events /(0.1)
=
Events/(0.1)

@
T

T 6l— i s

= == : Total signal
Bl K™ nr e'e
Bl K*z utu-

: Total signal

K* 7" e
Kor" et e

0_+ ,,+,,

Kem 1™ H

Simon Akar BEAUTY 16' - Radiative/EWP B decays @ B-factories


http://arxiv.org/abs/1508.07960

B! KT'I”P!' decays

PRD 93, 052015 (2016)

e Angular fit results: x (B:Slllf
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" Angular analysis of B! K*I%P! decays

PRD 93, 052015 (2016)

e Angular fit results:
| Results in the g bin: [1, 6] GeV*/c*

Babar K** A BaBar || BaBar B -
Babar K*° ° : | 2
Babar K*>* — : : 1 e °
0,+ | | | |
Belle K* o— ] " T ®
+ o —
LHCb K*° et | ——
CMS K*’ | *
ATLAS K*o ) : : | | ] | I: : J | | | | | |
|||||||||||||||||| ||||| | N N [ Y [ [ [ [N S [ [N [N U | [ N [ O N O O O N N U [ AN N N AN N O |
0 0.2 0.4 0.6 0.8 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4 05 0.6
F. ArB

I Tension appears in F_ for the charged mode results  (first measurement)
with both SM prediction and neutral mode result!

I Argin good agreement with previous results and SM predictions
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Angular analysis of B! K7!”P! decays

PRD 93, 052015 (2016)

e Angular fit results:
P, — 2 App
3(1! F1)
® Babar K*
J/ ' (25) v Babar K*
= BaBar ... 1 o IO | » Babark*
N =R S SRRSOt SOURUOORO 4 . N . { =] SM from
S S T R ] e PHMV
. 0.22 e N e el T
ST =1 (T S ; ................... + _______ é é é
E_++ _____ + _____ i m—— + _____________ T _________ H _____
_o_ioz_ ............. 2| __________________ i __________________ é .................. é | g 1.2 ________ o | 1|61|8
0° [GeV?/c4]
I Global agreement with SM prediction with small tension in 05
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Angular analyses of
B! KT'7P!' decays

Preliminary results
arxiv:1604.04042 [hep-€ex]

772 million BB pairs

>
A

BELLE



http://arxiv.org/abs/1508.07960
http://arxiv.org/abs/1604.04042

</ Angular analysis of B°! K*%%P! decays

arxiv:1604.04042 [hep-ex]

+ Analysis strategy =l N |
| Very challenging: BF(B — K '&®&") ~ 10’ N
| 2 exclusive final states: ® ® ol o

B - K*(—= Ktn )utpu—;

BY - K*(— K*tr~)ete.

| Analysis performed in 4+1 g? bins 0 = - — s 20
I VetoJ/ and' (2S) and used as control samples 7 [GeV:/c]
| Build 2 separated NNs (one for each final state) 105 B K*(892)% e

1 Background
[ Signal

to suppress BB and qq backgrounds

| Adopted the folding method introduced by LHCb S
in 2013 [Phys. Rev. Lett. 111, 191801 (201B) 2
| Measures F, Ssand P ; , ; in each g* bin % ;
from a 3D angular fit (see next slides) 10 |
_ _ c _ _
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</ Angular analysis of B°! K*%%P! decays

arxiv:1604.04042 [hep-ex]

/)

E:BO — K*O,u+,u__

7o~ sideband signal

e Fitting strategy:

I Signal identified from a fit to My, (in the full range)
B - K*%utu~ = 117.6 * 12.4 signal candidates
BY - K*%*te~ = 69.4 +12.0 signal candidates

Events / (0.004 GeV/c?)
T

— signal to background ratio is determined

I Use sideband (Mp<5.27) to model background angular
PDFS 522 T 524 5.26 T I—

M, (GeV/c?)

Pull

I Acceptance and efficiency included as
per-event weight in the fit

I Iterative procedure using toys with
simulated events to optimize NNs

as a function of P/ uncertainty in g,

I Thanks to folding method only 3 free
parameters (instead of 8) in angular fit:

independent measurements of P, . .
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</ Angular analysis of B°! K*%%P! decays

arxiv:1604.04042 [hep-ex]

- - . . ° 2
» Angular fit projections:  here F in g; as example
Sideband region (dominantly background)

. = R = % L
Lq>|j zo;— L%’ 20%— Ld>lj 15?

155— 155_ 10 %

% 1 2 /: % % 1 2 /3
§§§_{{_,_{—*—_T_{{I_,T Eir §§§_I—£—_%_};I{_T_—%—_ﬁ

’ ' i I (r;d) ’ ’ ' i ! (r;d)
i E 16;— % f 165— n +
$ g o i 1

Belle £ Belle ‘ Belle
preliminary 2 preliminary 2 7

Simon Akar BEAUTY 16' - Radiative/EWP B decays @ B-factories


http://arxiv.org/abs/1604.04042

</ Angular analysis of B°! K*%%P! decays

arxiv:1604.04042 [hep-ex]

e Angular fit result:

1.0 : 15 : :
Belle preliminary Belle preliminary®  This Analysis
05| . 1ol LHCb 2013
1o T LHCb 2015
0.0

s SM from DHMV I

7 —— 05| |
[ H I 1 ! i
05| =%- [ - P6, . | f |

a 1 | ———
-05
-15} H+  This Analysis - 1
LHCb 2013
-2.0 | LHCb 2015 - ~1.0F

s SM from DHMV
1

P

2.5 -1.5

| | | | |
0 5 10 15 20 0 5 10 15 20

P (GeV?/c) P (GeV?/c)

1.0

Belle preliminary

oty

) 0.0 e 1 ———

R

-05F

HH + This Analysis
10l LHCb 2013

LHCb 2015

| SM from DHMV

_1_5 1 1 1
0 5 10 15 20
¢* (GeV?/c?)
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</ Angular analysis of B°! K*%%P! decays

arxiv:1604.04042 [hep-ex]

e Angular fit result:

1.5

! ! !
Belle preliminary H4  This Analysis
LHCb 2013
1.0 |
LHCb 2015
[ ¢ | s SM from DHMV
0.5 | |
, |
P oo T
5 |
-0.5 I_ —I— -_L
H L ) —|
| |
— T
-1.0 |
-1.5 .
0 5 10 15 20

I Good agreement between this measurements and LHCb previous
results and compatible with SM prediction

| Confirmation of the tension (at the level of 2.1 ) ) for B in the same
direction and in the same g region as LHCb!
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Rear Window,Alfred Hitchcock (1954)
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Searches for rare
b! s!(!l)processes

Search for B%! " | decays
arxiv:1603.06546 [hep-eX]

772 million BB pairs



http://arxiv.org/abs/1603.06546

Search for B%! " | decays

arXiv:1603.06546 [hep-ex]

e Analysis overview: t

Very rare decay: BF(B?— " 1) ~[1012, 10-] £

Presence of new heavy particles such as charged Higgs b S
or squarks could enhance the BF € [107;1079] d ' S

Current upper limit set by BaBar: BO w "
BF(B®— * v) < 8.5 x 107 (90% C.L.) [PrD 72, 091103 (2009) t

@y
Wl

Require high energy photons: [2.0, 2.8] GeV/c in CM
Reject m° and + using likelihoods based on the invariant mass

Background rejection from NN (Cyy), with loose selection applied

}/sig
Nyp-e-Blp—K+K")

Measures signal yield (Ysig) from a 4D fit B ( BO ¢’Y) _
to My, AE, Cyy and cos ( *
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Search for B%! " | decays

arXiv:1603.06546 [hep-ex]

Events / ( 0.004 GeV/c?)

I [ T >

(]

O

'g)

<

o

2

(D]

>

8

P R "I--L J_|--r‘ 1
526 5.27 5.28 5.29 ] '

M,, (GeV/c?) AE (GeV)

No significant signal found = placed an upper limit:

BF(B®! " 1)<1.0" 107 (90% C.L.)

Improves previous upper limit by one order of magnitude

= - Total PDF
- : Signal
= = = : Continuum (g Q)

—
)
T

----- : Charmless

(d)

—— l—o-—-| ------ ';‘ '-—:-
—e— | —
N R S ]
1 05 0 0.5 1
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Rear Window, Alfred Hitchcock (1954)
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Searches for rare
b! s!(!l)processes

Search for B”P K*#“®! decays
preliminary results

471 million BB pairs
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Search for B™P K*#“#! decays

preliminary results

e Analysis strategy:

Rare decay: BF(B”2s K*#“#') ~ 10", and experimentally very challenging

Presence of new heavy particles such as neutral Higgs with large
coupling to third family could significantly alter the decay rate

o : : . B(B — Kuu)
Recent measurement of Rk exhibit tensions with SM predictions Rk ,' P ;\ \""

Use B meson tagging technique to handle weak signal signature:

- Many neutrinos in the final state
- Lack of kinematic constraints

- Hadronic B tagging, determines charge and momentum @®
of signal B e
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Search for B™P K*#“#! decays

preliminary results

e Analysis strategy:

00— T T
FBaBary;, 0 e : Signal MC

I Construct NN to suppress signal like topology
B"P D®&, s with D® 1 K&, sevents

I Measure the branching fraction using a counting

— : B'B! bkg. (peakingﬁ
— : Combinatorial

Entries/0.04
7
o

LLlLLLL

150

method: - :
i i 100 E
B — obs kag sof E
' €. Np= - ‘ :
sig®* " BB C : = RPRPP B L o e 2
. -(2).4 02 0 02 04 06 08 | 1.2 14 16
where Ny is obtained from MC NN
® RESU“IS ete” urpT et
S . Nivg 49.4+2.4+2.9 45.8+2.4 +3.2 59.2+2.8 +3.5
I No significant signal was found €ig(x107%) 11202401 1.3+02+0.1 2.1:£0.240.2
.. Nobs 45 39 92
I Placed an upper limit: Significance (¢)  -0.6 0.9 3.7

BF(BP K*#4') <2.25" 102 (90% C.L.)

I First search for this challenging decay mode!
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Summary and conclusion

¥ B-factories continue to produce exciting physics results , adding
more information and using more sophisticated analysis
technigues to improve the precision of measurements in radiative-
penguin B decays

¥ All measurements presented in this talk are compatible with the SM
predictions, with some tensions appearing in the angular analyses

of B! K'! *!1#decays:
| Belle reports a 2.1 ) deviation for P'in q;
| BaBar measurement of F_ for charged B decays

¥ Expect several new results in the coming years!
| B+l K'*t! +*1#and B K'*##® atBelle
I Belle Il with 50 times more luminosity
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Additional material

¥ Searchesforrare b! s+y(!!) processes:
Search for B%! " vy decays Go-To

& ,
.’ Search for B? K *#*#®' decays Go-To
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B! KT'I”P!' decays

PRD 93, 052015 (2016)

e Numerical angular results:
Bt —» K*'¢te BY —» K*0¢t e~ B — K*(*¢
@ +0.05251975.16 +0.4315: 134003 +0.2475,53 5.0
ai —0.022535 701 +0.34%516 1003 +0.297535 %5 05
F. ¢ ~0.2475755 75 10 +0.18%515 %5 1 +0.1725.15 .02
a +0.1525 13 0 08 +0.48515 5 05 +0.302531 2507
ai +0.052516 7515 +0.4575 74 *0.06 +0.347516 7516
a3 +0.7225:31 7021 +0.487513 1011 +0.5325.12 7014
Bt — Koty B® - K*0¢t¢- B K0t
% +0.327515 75,05 +0.062513 .05 +0.2175:13 70,09
ai +0.442553 7016 —0.12255, 1521 +0.1025:35 5555
ArB @ +0.7025:33 0 a9 +0.33%5:30 1011 +0.441513 70101
a3 +0.117535 7520 +0.172536 70.08 +0.157535 7005
ai +0.2155755 7021 +0.4025:35 1036 +0.422537 1033
¢ +0.40255; 2017 +0.2975,37 1010 +0.2975135 1012
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K *17P! decays
PRD 93, 052015 (2016)

Angular analysisof B!

e Numerical angular results:

BT — K*T{7¢~ BY — K*0¢7¢~ B— K*07¢~
@ —0.2279:14 —0.0779:2 —0.1870:13
¢ —0.297012 +0.1270-27 —0.0970-18
93 —0.3879:35 —0.2719-2 —0.35+9-19
P> g2 —0.0979-2¢ —0.2279:27 —0.1470-15
g2 —0.1579-28 —0.4870:34 —0.4219-2
g? —0.957} 8 —0.3710-28 —0.4179:34

Simon Akar

BEAUTY 16' - Radiative/EWP B decays @ B-factories



http://arxiv.org/abs/1508.07960

B! KT'I”P!' decays

PRD 93, 052015 (2016)

Angular analysis of

e Systematics on angular results:  from 3D fit

F';, systematic Arp systematic

Bt 5 Kt ¢~ B° 5 K*%¢*¢~ B K¢t~ Bt 5 K40~ B K*¢t4~ B K40
g2 +0.02 —0.09 +0.02 —0.02  +0.02 —0.02  +0.05 —0.04 +0.01 —0.04  +0.02 —0.07
g  +0.09 —0.13 4+0.02 —0.02  +0.02 —0.05  +0.12 —0.08 4+0.07 —0.02  +0.07 —0.08
¢  +0.18 —0.05 +0.02 —0.01  +0.02 —0.02  +0.34 —0.48 ~0.02 —0.08  +0.09 —0.07
g  +0.05 —0.07 +0.02 —0.02  +0.05 —0.06  +0.02 —0.19 ~0.02 —0.04  +0.01 —0.02
g2  +0.11 —0.14 +0.02 —0.06  +0.02 —0.10  +0.09 —0.23 4+0.15 —0.11  +0.13 —0.10
g2  +0.02 —0.19 +0.02 —0.10  +0.02 —0.14  +0.16 —0.09 +0.05 —0.02  +0.08 —0.02
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" Angular analysis of B! K*I%P! decays

PRD 93, 052015 (2016)

e Systematics on angular results:  from combinatorial bkg. modeling

F;, systematic Arp systematic

BT K¢t~ B K4 B K'¢¢ BT K t4 B K'¢T4 B KU
qé — —0.05 — - — — +0.04 — R — — —0.04
g}  +0.02 —0.02 — - — - +0.05 — — - — -
q3 — —0.05 —  — —  — — —0.07 — —0.04 — —
d - — - - = = - - - - = =
g: +0.10 — — - — - — —0.04 — = — =
q: — —0.10 — —0.05 — - +0.04 —0.08 +0.04 — — -
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«® Angular analysis of B! K™ ”P! decays

PRD 93, 052015 (2016)

e Systematics on angular results:  from angular efficiencies

F', systematic Arp systematic

BT 5 K47~ B° 5 K%"4~ B K'¢t4~ BT KTt4 B’ K4~ B K'0T4
g2 — —0.02 —  — — — +0.04 — +0.04 — +0.05 —
g  +0.02 —0.04 +0.14 — +0.13 — — —0.13 — —0.20 — —0.17
g3 — —0.07 — —0.10 — —=0.02 +40.12 — +0.09 — +0.07 —
a3 — —0.04 +0.04 —0.05  +0.02 —0.04  +40.08 — +0.06 —0.04  +0.07 —0.02
gi  +0.07 —0.05 +0.06 — +0.07 — +0.06 — — —0.09 +0.02 —0.06
2 4010 — +0.02 — +0.07 — — —0.09 — —0.08 — —0.10
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" Angular analysis of B |

K *17P! decays
PRD 93, 052015 (2016)

e Systematics on angular results:  Agp from F,

Arp systematic
BT 5 K04~ B K%Y B KYWTi

G +0.04 +0.04 +0.04
q +0.04 +0.07 +0.04
G +0.07 +0.07 +0.08
a3 +0.03 +0.06 +0.04
q; +0.04 +0.07 +0.06

5 +0.08 +0.07 +0.07
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B! KT'I”P!' decays

PRD 93, 052015 (2016)

Angular analysis of

e Systematics on angular results:  total uncertainties

F1, systematic Arp systematic

BT K*¢7¢- B> K%Y B—-K'Y4~ BT K{4 B> K¢ B KWL

% +0.02 —-0.10 +0.02 —0.02 +0.02 —0.02 +0.08 —0.05 +0.06 —0.05 +0.07 —0.09
q1 +0.09 —0.14 +0.15 —0.02 +0.13 =0.05 +0.13 —0.16 +0.10 —0.21 +0.08 —0.19
g3 +0.18 —0.10 +0.02 —-0.10 +0.02 —-0.02 +0.36 —0.49 +0.12 —0.11 +0.14 —-0.11
a3 +0.05 —0.08 +0.05 —0.05 +0.05 —0.07 +0.08 —0.20 +0.08 —0.08 +0.08 —0.05
qi +0.16 —0.15 +0.06 —0.06 +0.07 —0.10 +0.11 —0.24 +0.17 —0.16 +0.14 —0.13
3 +0.10 —-0.21 +0.02 —-0.11 +0.07 —-0.14 +0.18 —-0.17 +0.10 —0.10 +0.10 —0.12
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< /= Angular analysis of B°! K'%1%P! decays

arxiv:1604.04042 [hep-ex]

e Numerical angular results:
¢° in GeV?/c* Observable Measurement ¢° in GeV?/c* Observable Measurement
[0.10, 4.00] P; 0.2087 734 = 0.070 [1.00,6.00] P; 1 0.095 %305 = 0.174
P! 0.631%:293 + 0.067 P! 0.385/%:258 + 0.099
P} 1 0.670:%439 + 0.194 P} 1 0.2027%378 + 0.172
P} 1 0.309°%215 + 0.210 P} 0.440°% 355 £ 0.195
[4.00, 8.00] P, 1 0.477. 525 = 0.070
P! 1 0.267.%3%5 + 0.049
P} 1 0.057:% 395 + 0.189
P} 0.130)525 + 0.172
[10.09, 12.90] P; 1 0.088" 255 = 0.114
P! 1 0.504% 37 + 0.057
P} 1 0.3419:37 + 0.222
P} 1 1.017°% 45 + 0.207
[14.18, 19.00] P; 1 0.37279212 + 0.074
P! | 0.547% 25 + 0.058
P 0.384% 552 + 0.236
P} 0.2429305 + 0.233
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</ Angular analysis of B°! K*%%P! decays

arxiv:1604.04042 [hep-ex]

o Systematics: P}

Bin 0 1 2 3 4
Peaking Background 0.0855 0.0646 0.0366 0.0457 0.0358

Data/MC Difference 0.0109 0.0088 0.0020 0.0003 0.0047
Efficiency Correction 0.1475 0.0241 0.0599 0.0877 0.0650

Fit Bias 0.0316 0.0114 0.0007 0.0558 0.0027
Total 0.1738 0.0704 0.0702 0.1135 0.0744
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</ Angular analysis of B°! K*%%P! decays

arxiv:1604.04042 [hep-ex]

o Systematics: P

Bin 0 1 2 3 4

Peaking Background 0.0901 0.0636 0.0078 0.0498 0.0131
Data/MC Difference 0.0112 0.0067 0.0208 0.0142 0.0029
Efficiency Correction 0.0397 0.0205 0.0098 0.0215 0.0327
Fit Bias 0.0031 0.0061 0.0430 0.0127 0.0460
Total 0.0992 0.0675 0.0494 0.0575 0.0580
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</ Angular analysis of B°! K*%%P! decays

arxiv:1604.04042 [hep-ex]

o Systematics: P

Bin 0 1 2 3 4

Peaking Background 0.0170 0.0513 0.0229 0.0215 0.0026
Data/MC Difference 0.1298 0.1378 0.1655 0.2201 0.2341
Efficiency Correction 0.0835 0.0432 0.0683 0.0218 0.0192
Fit Bias 0.0735 0.1189 0.0562 0.0027 0.0268
Total 0.1718 0.1939 0.1890 0.2222 0.2364
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</ Angular analysis of B°! K*%%P! decays

arxiv:1604.04042 [hep-ex]

o Systematics: P,

Bin 0 1 2 3 4

Peaking Background 0.1242 0.0161 0.0395 0.0518 0.0255
Data/MC Difference 0.1433 0.1630 0.1531 0.1955 0.2316
Efficiency Correction 0.0319 0.0824 0.0359 0.0418 0.0099
Fit Bias 0.0337 0.1033 0.0579 0.0048 0.0047
Total 0.1952 0.2105 0.1722 0.2065 0.2332
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</ Angular analysis of B°! K*%%P! decays

arxiv:1604.04042 [hep-ex]

e Angular acceptance:
IS
I Obtained from fully simulated MC £
. -
I Assume no correlation between angular o
. w— 500
variables T
g ) —— Efficiency p Spline Fit
b n — 0k - . e . .
" (cosly,cosl k," g ) #cos!y)! #cos!g)! #")! #(qz) % 250 * Eg:z:z:zu Spline Fit
nd }  Efficiency e
0.0 L ! 1 !
0 20 40 60 80 100
6, in percentiles
100.0 : : : : 100.0 | : : :
= = Ui ARRRTRI u”l:'!.”'“ﬂh
‘o, 75.0 2 7sof MU ”” I I ' rytt ”r|||
> 5. > 75 R |
c c
Q Q
;fé 50.0 | .fé 50.0 |
(T (T
g —— Efficiency p Spline Fit g —— Efficiency i Spline Fit
% 25.0 | —— Efficiency e Spline Fit % 25.0 | —— Efficiency e Spline Fit
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K *91%P! decays
arxiv:1604.04042 [hep-ex]

Angular analysis of B!

D>
Lo

e Folding method:

1 d&(r+r) 9
dT +1)/dg2 48 32«
— Fy cos? Oy cos 20, + S4 sin® O sin® 0, cos 2¢
+ S, sin 20 g sin 26, cos ¢ + S5 sin 20 ¢ sin 6, cos ¢

[2(1 — FL)sin? 0k + Fy, cos® Ok + (1 — F1) sin” 0k cos 26,

+ SAFB sin® Ok cos By + S7 sin 20 sin O sin ¢
+ Sg sin 20 sin 26, sin ¢ + Sy sin? @ sin? 6, sin 2¢]

(¢ — —¢ forgp <0
| Redefinition of angles allow to reduce the S, Pl 1 {¢>m—¢ forf >m/2
number of parameters in the decay rate 0, > 7 —0, forf, >7/2,
I Four independent measurements (on (6 — — for ¢ < 0
the same data set) are performed with S 0, —m—0, for O, > /2,
different foldings, each one allowing to ,
. p—>m—¢ forop>m/2
measure a set of observables: S P g b foré < —m/2
| N v I - -7 — or -7
FL, Ssand another S such as 0 m—0, forbL>1)2,
ploo S4,5,8 P/ _ | S, r¢—>7r—¢ for ¢ > /2
4,5,8 Ll L) 6 FL(l—Fy) S, P -« ¢p—>—-m—¢ forop < —m/2
8 Ok > m—0k forfL >m/2
\91_—)7!‘—91_ for 0, > w/2.
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Search for B9l "

| decays
arXiv:1603.06546 [hep-ex]

e Systematics:

Source

Uncertainty (events)

PDF parameterization
Fit bias
Cnn selection efficiency
Cnn background sample
Tracking efficiency
PID efficiency
Photon reconstruction

MC statistics

+1.21
—-1.14

+0.00
—0.08

0.03
0.02
0.02
0.05
0.08
0.01

B(p—K+K")

Number of BB events

0.03
0.05

Total

+1.22
—1.15
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