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2B = K'tr Radiative Penguins
a D — Knmy

Capri 2016, 1113 June 2016 M.Margoni Universita' di Padova & INFN



M. OZ‘/‘\/QZ(/‘OI?

2
Capri 2016, 1113 June 2016 M.Margoni Universita’ di Padova & INFN



( are B a/ecayé ! New /p/’}yS 1CS prerS
aSearch for deviations from Standard Model (5M) Preclic’cions due to
virtual contributions of new heavg Particles in looP processes

-rComPare experimental results with very Precise SM exl:)ectations

aThe most interest) ng processes are those that are stronglg suPPressecl
n th@ SM: FCNC <X5|+l~> [but also XY, leptonic clecags, LFV, CPV in B° mixing, ¢ & 1]

sNew P]’]gsics (NP) could increase exl:)ectations bg orders of

magnitucﬂe [e.g. A. Buras, arXiv:0910.1052]

% Rare B &ecags can Probe high scales Potentia”g sensitive to NP
begoncl the direct reach of LHC.

b
v + Anp ~ o [ 18T 10 Tev
w "/Vl< ) g V1V Vel
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( are B a/eCQyS ! New /p/’}yS 1CS proéeé
aWeak clecag of hadron M into final state F described via an Effective

Hamiltonian exl:)ressecl bg means of OPerator Product Expansion:

AM—>F) =(F|H,,

M>_ FZ VCKM <F|Q )|M>

Ci <M> . Wilson Coefficients (Per’curbative short distance couplings)
Ql- (M) : Hadronic Matrix Elements (non ~Perturbative |ong distance effects)

i1 2 Tree
, , - ; —3—6,8 Gluon pengui
+ NP could modncg Wilson Coefficients C,-(M) := 7 Phuntgnppr;%\;?in
t=9,10 EW penguin
ancl/ or add new Q,-(pt) oPerators i=S,P (Pseudo)scalar penguin

-I-Complementarg imcormation B— LLLL: Scalar/Pseudoscalar interactions
From Cli]C‘FCrCﬂt Ffarc CICCBHS:
B— K( >”I Vector/axial interactions
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B— K/

“Measurement of Angular Asgmmetries in the Decag
B — K* [

[47TMY (4S) events]

Phys. Rev. D93, 052015 (2016)
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-
-
-
- N

FCNC process forbidden
at tree level, BR~107%; Probe the SM!

aSensitive to the effects of
NP in Photon, vector and
axial-vector couplings which
can enter at the same order
as SM contributions
.‘lComplcmentarg information
toB—u'w

aAmPIitudes expressecl using OPE n
terms o1C:
+ Hadronic Form Factors

(accuracg ~20%)
[A. Barucha et al. arXiv1004.3249]

+ Wilson coefficients Ceg7, CC’C;, CCFF]O
[PRD 61, 074024 (2000), Z. Phys. C 67, 417 (1995)]
+ Clean theoretical Preclictions
expeciang at low clzzmZ (W)

— Experimenta”g clean signature

Capri 2016, 11-13 June 2016
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B K/

a Ditferential Amplitucle&

: dr = § 2 2
I'(g?) d(cosfx) 2FL q°) cos” O +
3 ¥
E(l —|Fr[g*))(1 - cos®Ok)
1 dr

zaqz)(l — cos? ;) +

J
—(1HFL qz)){l + cos? 0;) +

(qg) cos ;.

T'(g?) d(cosfy)

@ Kinematics of the clecag B— VI
V=K', @, p) determined bﬂ three angles:

+ 0,0,0
¢ Event Yields reconstructed in bins of

qzzmz( 1)

@ Observables Include:
+ A, (Forward-backward muon
asymmetry)
+ F, (fractionof longituclinany
Polarizecl K

_2 AFB
3 1-F,
from hadronic Form Factors)

3 P,= (with lower uncertaintg

Capri 2016, 11-13 June 2016
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B K/

a Ditferential AmPIitucles:

: dr = § 2 2
I'(g?) d(cosfx) 2FL q°) cos” O +
3 ¥
E(l —|Fr[g*))(1 - cos®Ok)
1 dr

zaqz)(l — cos? ;) +

3
~(1 4 Ffg®)(1 + cos® 6;) +

(qg) cos ;.

T'(g?) d(cosfy)

a Kinematics of the clecag B— VIl
V=K', @, p) determined bﬂ three angles:

+ 0,0,0
¢ Event Yields reconstructed in bins of

qzzmz( )

@ Non-resonant S-wave B — K-
contribution neglectecl
& Reflects in absolute bias ~ 0.01 on F

& AFB (smaller than statistical &

sgstematic uncertainties)

Capri 2016, 11-13 June 2016
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B~ K/

¢ Measurement Pemcormecl using 5 modes:
#B > K (K" p'w, BT > K (= Kr) e’e’, BT = K (= K'n') e'e”
DB’ K (= K) u'p, P> K (= K'n) e'e

+K*J/y and K* y(2S) regionsused as 0 2 (Ve ¢ max (GVY/ed)

control saml:)les to validate ﬁtting ai 0.10 2.00
qg 2.00 4.30
Proce(:lure 3% 146531[)1 182;.1829
qs 14.21 (mp — mx-)*
a5 1.00 6.00
¢ Cvents reconstructed bg means of : Candidate multiplicity ~ 1.4
¥ m=VE, ’—p,; > (1.1) in dielectron (dimuon)
4 AE=E, —E, modes.
Best candidate selected

*= Y reFerence Frame

based on AE
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B~ K/

¢ Measurement Pemcormecl using 5 modes:
#B > K (K" p'w, BT K (= Ka) e'e’, BT = K* (= K1) e'e
DB’ K (= K) u'p, P> K (= K'n) e'e

+K*J/y and K* y(2S) regions used as 0 2 (Ve ¢ max (GVY/ed)

control samples to Valiclate ﬁtting ai 0.10 2.00
g2 2.00 4.30
g3 4.30 8.12
Proceclure g2 10.11 12.89
a3 14.21 (mp — mx-)?
a5 1.00 6.00

-
e

BKG from Continuum and BB reduced B'">Km e'e

using a Likelihood Ratio (LR) defined

d(BDT)/0.01

—
=
L]

from outPuts of eight BDTs exPloiting 10°

E')ackground qq

kinematical and topological quantities .

I | I I T '} | I ] I I T ] I i i i 8 I i i i 8 I | -l I i i 8 3 I i :.l i I i i 8
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 1
BDT Qutput
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B— K/

oVields, PDFs shapes & normalizations in the different qz bins extracted
bﬂ a’D (m_, m(K), LR) fit Example: qz> 14-.21 GeV~

B° = K'nme'e

15F Signal BaBar 15E Babar
g F Cross Feed - EEU
3 , g8 |
S 10F Charmonium = 1[}: S 15
2 | Combinatorja - F -+ -
2 | | 2 10
- - e o g e o S E
i} T Ty @ “‘T =zg W
52 522 524 526 5.28 0.7 0.8 0.9 1 1.1 0.6
Mes (GeV/c?) M. (GeV/c?)
0 +_ -+
B> Knupu
25F . 12F . 29
. [ Signal Babar L Babar
20 Cross Feed 4 pefne = 20F
L . C , g g r
] T} Misidentification = = i
o 151 ) s — 15
— [ Charmonium — o :
- , ) ) o
8 10F Combinatorial T T 10
= 10 C
E . E g'-' =
I, Eji - -+ - 5t
- ! i ] el j u_-l-_' e I‘i_.._ij‘h._-;?_._":'_._“T._:.TTI._Tmlﬂl_..
52 5.22 524 5.26 5.28 1.1 0.6 0.7 0.8 0.9
m.s (GeV/c?) L,

1
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B~ K/

ol in the different qz bins extracted as onlg free Parameter bg a

4D (m_, m(Kn), L, cos(6 )) fit using PDI"s defined in the previous step
oFit model for F and AL validated on K* J/y and K* y(25)

oDKG shapes from m._. side bands (checkedon LFV B — K*ep,)

’ —+ %+ |+ l- I l . 1 dI o §F 2) E{}SEH +
First B = K angular analysis  |7(g2) dosty) . 222 K
2 2 3
Example: I < q-< 6 GeV 2 (L E(¢*)(1 - cos™ Ox)
S 12;5+ — K l+|~ Babar| £ 1aB° > K *© l+|~ Babar
= L + + 0 _+ - w -+ -
E 1{::_Shaclec areas: SIG + BKG B = Kn' ee E 12[Shaddd areas: SIG + BKG B> K'm e'e
w E: B"’ —> Kanr C"'C- w -"]z_ e BO — K+ﬂ:— M+l_,[_
B . e B — K u+u E:— e Total Sgnal :
A ° -
] Total Signall. 6Ect 4 440
4 == s e = ‘ g
= =—— N == = —
2_ / 4 7 2 / /
u'%_rﬂf- R E— 1:;2 03 0.5 0 0.5 /1

cos O
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B— K/
P AFB in the ditferent qz bins extracted as onlg free Parameter bg a
4D (m_, m(Kn), L, cos(0)) fit using PDFs defined in the previous step

“FL fixed to Previous result

1 dI’ 3
= —aq2)(1—608295)+
. ~ . I'(g2)d /) 4
First B — K** [*] angular analgs:s (¢*) d(cosfy)
3 2 2
= l > 6 \/Z —(1—|Fr{g"))(1 + cos” ;) +
< < .
xample: 1 . Ge o ko) cos6;.
= 14 g
g- EB+_> e +l- BaBar S 15E 50 N K*o +l~ Babar
% 12: B+_> K+TCO C+C_ E ME BO IR K+n_ C+C_
@ 104 + o+ - w 12
E B KST[ c c 3 “]E_ BO — K+7[' H+H '-F.Ff% s
B;IF — KS7I+ Ty e T ol | Total Sigral ===
E:_ Total Sigr‘al = Ef_ 1 e
4_— —— = - an 1
= an 1 1o = 45__#_ — nass
2F = = Z 2l ; grmrpeary
! :“""‘— T | | T 0 / /%
% o5 o 05 1 -1 -05 0 0.5 1

cos By cos 0
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B — K/

o Angular Variables Results versus qzz Tension with SM in B I at low a

&

I
R
oY)
(R
T
Fan

1

J/\V\V<ZS> '; i_':_"LSAS

ﬂ’}H{D%’O”“%’O” L e

0.8

|III]III||

0.6

.........................................................................................................................................................................
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B— K/

o Angular Variable Results for 1 < q2< 6 GeV-

Babar K* o ]:L Babar K** Ar—b 1k -
SM | 1k
Babar K"u ———— : : Bﬂbﬂ[ K’u —II_.
i i i i
[HES & SM i i
Einr i — Babar K**~ \.,-.—.—.-
i i
i i i
Belle K*"* -1 Belle K=" -+ .
COF K+’ 1 CDF K* -
LHCb K*° o= N LHCb K*" e
cMS K T CcMS K*° .
i i
ATLAS K*" * 2N ATLAS K*° e
' T BT T T T T e e B M | NS T e 'y Ml AT P AT T T P |
0 0.2 0.4 0.8 0.8 03 -02 01 0 01 02 03 04 05 06
F. Arg

@< qz < 6 GeV’: Perturbative window with theozy error under goocl
control, away from CIZ — 0O Photon Pole and cC resonances at higher qz

o Small F value for B = K** '] (First Angular Analgsis)
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B~ K/

_7 A , , L
= 2 _“rs : ReclucecJ theoretlcal uncertalntg & greatcr sensﬂ:l\/ltg

e P,
to non-SM contributions

[Nucl. Phys. B854, 321 (2012); JHEP 1204, 104 (2012); Phys. Rev. D88, 074002 (2013); JHEP 1412, 125 (2014)]

1 B Babar K* |
w . L L] L] T » -

....... i w .
sasamananEy IE u..............? .................. ; .................. ;...;J;}EQ} ........ 3 .................. E ....... (pJCZZLE;?.?............. ...E ..... G arer K'+ .
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0.2
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0.4
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0.6
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0.8

¢ Theoretical Preclictions available on|9 at low qz [UHEP 1412, 125 014 ]
uSIight tension observed with SM
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B~ K/

. Reduced theoretical uncertaintg & greater sensitivitg

2 A
o P2= FB

to non-SM contributions

[Nucl. Phys. B854, 321 (2012); JHEP 1204, 104 (2012); Phys. Rev. D88, 074002 (2013); JHEP 1412, 125 (2014)]

B Babar K*

=

....... B S
sananananen ..; .......“..........E .................. ? .................. EUJJ/‘{II] ........ E. .................. E ....... \.I] .Czsﬁ.;.“.......““ .....E ..... . Eamrhi+ -
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~o Result dominated b9 statistical error

v Sgstematics from BKG mocleling signal angular eﬁiciencg, PDFs

~

Parameterization & cross feed from ditferent signal clecags
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B — Kt't

“Search for B = K 11 at the Babar Experiment”
[47TMY (4S) events]

arXiv:1605.0963%7

Submitted to Phgs. Rev. Lett.
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B — K1t
aHigHg suPPrcssecl in the SM: BR~(1-2)107
aProvides additional sensitivitg to New Phgsics due to thircl-—generation

couPIings & Iargc T Mass

b t s s b b t S
H,h, A & v H R A
C T ; T
+- i —— L

H, h, A} + H, b, A
) ) - T ; T
= 4 > - i -

Capri 2016, 11-13 June 2016

2HDM  J. Phys. G24, 49 (1998)

mo (GeV)  my= (GeV) myo (GeV)  myo (GeV)

Mass set-1 80 200 150 100
Mass set-2 250 300 100 350
Mass set-3 100 400 200 150
— T ’ ’ T
: 19k Different B
N Higgs mass o
T tan B~§O scenarios
3 0.8
SIS Y (25)
TS
X
o~
= 0.4
p—
00 | I | 1

qz (GeV?)
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B — K't't
¢ Measurement PemcormecJ using onlg lePtonic T decags:
+ B > K'1t'T T HV D, T—EV Y
+ Three SIgnal modes: ee, Ul el
¢ Many neutrinos in the final states: lack of kinematic constraints

- Signal events selectch on the recoil 01C Fu”g reconstruc’ce& hadronic
B — DX decays (B, (D= DY D™ DY Uy X<6h (h=K, m)

B side
tag

l e e e e - - -
B = = - 20

[ ]
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B — Kt't

e Btag Reconstruction

gD hadronic clecags selected bg means of m_. & AL

¢ Dest candidate per event retained from the highest l:)uritg mode
(computecl fromMQ) & AE
+ Onlg Btag candidates with Purity > 40% used — 8<Btag> = (0.2-04)%

o Continuum events suPPressed 139 exploitinga Likelihood Selector
consisting of six event~shape variables (e. g Thrus’c, missing momentum

vector, P(Btag), angles between them,...)
+1.5> 0.5 removes > 75% of BKG retaining 80% of the signal

21
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B — Kttt
e — K1t Reconstruction

uSignal candidates reconstructed from events with three chargecl

Particles, identified as K + two lePtons) not belonging to B
tag

¢ Vetos applied against J/y, D° = Kn (—p),y > e'e’, n — yy

¢ Dominant BKG from 3 T T )
B— D v, DY =Kl 3 2 Good B, BKG
(same ﬁnaLsta’ce} E 200F Combinatorial BKG -
suppressecl bg a Neural 1503— Cut.. —
Network usingangles 1001 * E
between momenta, m( K*) s0F- | ) -
and missing energy e -
940270 02 04 06 08 1 12 14 16

MLP output

22
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B — Kt't

o BR for each of the signal modes:

i __|nge
5. — Nobs ~[Vokg N, =471%10°
‘ €. IN,=
sig|” " BB
eTe” T e u
Niie 49.4+2.4+2.9 45.842.4 +3.2 59.24+2.8 £3.5
Eiig{x 107°) 1.1 £0.2+0.1 1.3+0.2+0.1 2.1+0.24+0.2
b 45 39 92
Significance (o) -0.6 -0.9 3.7

¢ Signal eticiencies and expectecl Peaking BKG events (92%) obtained

from simulation corrected to rel:)rocluce fbtag data 9ie|cl

o Expectecl combinatorial BKG events (8%) from data m_, Side Band
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B — Kt't

o BR for each of the signal modes:

i __ AT
5. — Nobs — Nokg N, =471x10°
€. Npn
sig” " BB
eTe” T e u
Niie 49.4+2.4+2.9 45.842.4 £3.2 59.24+2.8 £3.5
Eiig{x 107°) 1.1 £0.24+0.1 1.3+0.24+0.1 | 2.1+0.24+0.2
e 45 39 92
Significance (o) -0.6 -0.9 3.7

ece, uw Hielcls show consistency with exPectecl BKG events.
¢cll channel has excess of 5.7 o:
+ No evident signaHike behaviour or sgs’cematic Problems from

kinematic distributions

24
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B — Kt't

o BR for each of the signal modes:

i __ AT
5. — Nobs — Nokg N, =471x10°
€. Npn
sig” " BB
eTe” T e u
Niie 49.4+2.4+2.9 45.842.4 £3.2 59.24+2.8 £3.5
Eiig{x 107°) 1.1 £0.24+0.1 1.3+0.24+0.1 2.1+0.24+0.2
e 45 39 92
Significance (o) -0.6 -0.9 3.7

¢ Overall signiﬁcance <20:

5R<5+ — K ’C+’C~> <2.25% 107 (90% CL) First Measurement

¢ Systematics from Btag 9ield correction, theoretical models for

cf*ﬁciency determination, PID, and Data/MC agreement

25
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B = Knmy

“Time~clepenclent analgsis of BO— Ksn'ﬁy and studies of the
K'nn system in B'— K'nn'y decags”

[47TMY (45S) events]

Phys. Rev. D93, 052013 (2016)
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Kadicdive a/ecays and C¢he Y po/ ar1 Zalion

ab — sy: described in the SM as an
interaction between left-handed
quarks and right-—-hanclecl antiquarks:

b
-
s(A=-1/2) y(A=-1)
_ -5
ab— sy, & b =Sy, P
B\ /x; fer

B

" Mixing induced CP Asgmmetrg =0

@ New heavg Particles in the looP
could enhance oPPosite

helicitg vy contribution

&b -5y

ub_’SV

L/R R/L

B[}

" Mixing induced CP Asgmmetrg +0

Capri 2016, 11-13 June 2016
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Measurement of A ., n B2 K py

F(EO(At) - fCP'T) -I‘(BO(At) 4 fCP’)“) USM PrC(:llCtS SfCP:mS/mb:O.Oz

Acp(At) = F(EO(At)afcp'T)JrF(B"(M) 5 fop) ¢ Look for enhancement due to

= 8, sin (AmgAt) - Cy, cos (AmgAt) ﬂCW—-Pa rticle excha nge
[At = t - ’(:Tag from distance between the two B° clecag vertices in the event]

@ Exl:)erimenta”g: Pencorm a time—del:)enclent analgsis of B — K.pY

e Main Issue: dilution from irreducible BKG from non CP eigenstates:

CP eigenstate B”— K _py  Non CP eigenstate B° = K* (K m)my

YR,L

28
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Measurement of A ., n B2 K py

F(EO(At) - fCP'T) -F(BO(At) 4 fCP’)“) USM Pre(:llCtS SfCP:mS/mb:O.Oz

Acp(At) = F(EO(At)afcp'T)JrF(B”(M) 5 fop) ¢ Look for enhancement due to

= 8, sin (AmgAt) - Cy, cos (AmgAt) ﬂCW—-Pa rticle excha nge
[At = t - tTag from distance between the two B° decag vertices in the event]

@ Exl:)erimenta”g: Pencorm a time—depenclent analgsis of B — K.pY

e Main Issue: dilution from irreducible BKG from non CP eigenstates:

CP eigenstate B”— K _py  Non CP eigenstate B° = K* (K m)my

Dilution: DKEP'Y —
29

Effective value on

inclusive K my sample

Signal value
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Measurement of A ., n B2 K py

¢ Dilution expressecl in terms of few resonant clecag modes:
pOKS, K*'n, K* ", (Kn) O’”n', (Km) O**ﬁ S-wave (K*O (43%0) + NR

componcnt) and

their interference:

SK‘;;#;{—? II[ APKEIZI B IAK*;II_ |2 B A(Kﬁ}a;ﬂ_ |2 2R (A;KgAK"‘":r") + 2R (A;KgA(K:r};"'H") dmz
KSpy = - [ * *
Sﬁ']’ SKEP]’ f I Apxg |2 + IAK*'—H— |2 'I‘ IIA[:KJI};_'—H_ I2 25}{ (ApK%AK*_'_H_) + 2?& (ApK%A(KH}E'—E— )Ildmz

[LAL-15-75 (2015) ]

o Ideal World: Perform a time-depenclent Ampli‘cucle Analgsis

e Real World: Not enoug}n statistics, dilution computecl from the

aml:)litucles of the intermediate resonances from B — K'n'ny

assuming lsospin ngmetrg

Capri 2016, 1113 June

2016
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B" = K'n'ny Selection

e B = Kty events selected }39 e Continuum BKG sul:)l:)ressecl using a

means ot Fisher exploiting topological quantities

X
s 1.5<E <35GeV T ]

* = Y reference frame
P Mg

D, ~340MeV /¢

s AE
1200 e — |
- 1400 F ]
~ b i Babar .
! 1000: S 1200 3
U ~~
§ 0B EERL L, -4 O 500§ §1000 -
o _ 4+ Data ty. iz a E = F 1
5‘ 600 " [_]Correctly-reconstructed signal N S E 9 800 % ]
o | [ Continuum s C P B
S - [ Generic k\; - % 600 | —
400 e ke 1 5 ol 2 40
g - BB M‘is-recoﬁstmcted signal ;E 200 = - 400: _:
K'y&X -Kn C 1
B 200 _—% K'% w 100 200 F 7
- (i Chamess 3 e ) m—— e W
52 521 522 523 524 525 526 527 5.8 5. 02 015 01 005 0 005 0.1 015 02 0 0-2F.h OB“. 06 t 08 1
mES (GeV/Cz) AE (GGV) 1Sner Lhascriminan
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B" = K'n'ny Selection
¢ DB = Kty signal 9ieH extracted from an unbinned fit to m_., AE

and Fisher discriminant:
5 NsigZZ‘i"H +917 1,

+BE(B = K'n'ny)=(24.540.941.2) 10

o M(Knan), m(Kn) and m (mm) spectra obtained using 5Plo’c techniclue

[NIM A 555, 556-569 (2005) ]

—
=
=
=

T

800 * - oo
- — Data ++ ¢ i
™ [ Correctly-reconstructed signal bd
600 | ] Continuum
- [ Generic
" B, &X
400 - B &)5(; >Kn
- [ Mis-reconstructed signal
" EBKYAX, o Kn
- EE K™
. [ Charmless

Events/(0.0018 GeV/c?)

[s=]
=
=

mgg (GeV/c?)
Capri 2016, 11-13 June 2016

AE (GeV)

1400
1200

—_
=
=
(=)

800 -1
600}
400
200}

Events/(0.0365)

Lo

015 0.1 005 0 005 01 015 02 0 02 04 06 08

Fisher Discriminant
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BT — K'n'n

v Ana/ VSIS

PBabar

3
!
~
~
=
.<

.
. S
——
[ T
|

v
|

LA ;;g’;?}ﬂ?ﬁﬁ?ﬁ# i?‘!i;ﬁ;ﬁi;‘_’!i#iﬁ? &, :iﬁﬁa;;ifm*}?ﬁ?

1 1.2 1.4
my.. (GeV/c?)

1.6 1.8

B(B* - Mode) x 1075

Previous world
average [18] (x107°)

120
@ BFls of the various ’i; 100F
resonances clecaging to § 80¢
— 60F
Knn extracted from the =
< 40f
m(Knn) spectrum S 20}
aal [
_Of =
E ab—
1 ob
Z% 408
B(B*™ — Mode)x
Mode B(K. — Kntn~) x 1076
BT > K'ntny e
K, (1270) 7y 14571112
K, (1400)*y " B e
K*(1410)*y 1.0
K;(1430) 7y 12132112
K*(1680)"y 15.9122132
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245+09+12

44170738 + 4.6
9.73528 £ 0.6

2717858 £27
8.7733 154 £ 04
66.71?_‘&%3_‘3 +54

276122
43 + 13

<15 at 90% C.L.
n/a
14+4
<1900 at 90% C.L.
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B = K'n'ny Analysis

uExtractlonoFtlﬁedlutlon{:rom e

1200 |
ampli’cucles of intermediate ”E 1000 { + _’T"mﬁmm ________ -
states c]ecaging toKnandnn O ggg I EEEZE@(] '5
e Full amplitucle analgsis in the E ool TSR
m(Km)-m(nn) not Possible due % 200 4
to small statistics 2 203 -
% Perform a 1D fit to m (Kx) = A - -
2 o **m;ﬂ Tl
usingas inputs the BRs 34 JLLESlSeitita bt '1.Tﬁf

obtained from the m (Kmr) fit

m,. (GeV/c?)

B(B* — Mode) x

Previous world

4 — G
Mode B(R — hx) x 10—° B(E™ —+ Mode) X 10 average [18] (x10~°)
K*(892)% 156 £ 0.6 0.5 23.4+ 0902 20+;
K+ p(770)% 8.1 +0.4+%8 8.2 + 0.4 &+ 0.8 = 0.02 < 20 at 90% CL
(Km)g m ™ty 10.3%0:8 750 n/a

(Km)imt~ (NR) 9.9+0.7513

K7 (1430) %7 0.82 + 0.061+012 1.32+0-92+0-20 1 0.14

< 9.2 at 90% CL

n/a 33




B = K'n'ny Analysis

o Extraction of the dilution from

amplltucles of intermediate g
states c]ecaging to Knt and nw g
o Full amplitucle analgsis in the E
m(Kn)-m(nn) not Possible due E
to small statistics :
% Perform a 1D fit to m(Kn) 2
using as inputs the BRs S8

200F
1000 |
800 |
600 |
400 |
200 4
200 } “

*".

——— : Total PDF

— :K'(892)

— : 0%(770)

—— : (Kn) S-wave
K*O(1 430)+NR

070~ Kny |

K'(892) - p%(770) |
interference ]

interference

? iﬂﬂﬁﬂﬂiﬁm h‘]-

B O

07 08 09 1 LI 12

obtained from the m(Kzn) fit my, (GeV/c?)
= — +0.19
DKS P ol CAPJ /A\K*J A(Kn)&-wave) 07 8~O.17
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Measureriesrt of 4 o in B°—> Kgpy

uTime-clePendent analgsis of B° — K_py clecags

¢ Cvent gie]cl and CP parameters C and S extracted from a fit to m_,

AE, Fisher and At

¢ Sample divided in 6 mutually exclusive tagging categories ¢

Pi(mgs, AE, F, At, 6ar; Grag.[0)
= Pj(mgs) Pi(AE)P;(F)P;(AL, 0ar; Gug €

100

W .

Events/(0.0023 GeV/c?)

52 521 522 523 5.4
Mg (GeV/cz)

Events/(0.04 GeV)

c= tagging categor9
_ _RrO
C]tag.] <5Tag~5_>
_rO
-1 (BTag~E> )
- IRARE RARAR RARRE LR RARRNRARES RARRN RRARERRREE RRRN
100 4+ Data ]
= 100 [ Correctly-reconstructed signal |
- L A Mis-reconstructed signal
i 1 Continuum
80
I ~ &0 i ]
- o
60 ?ﬁf 60 —
= i
L g L
Tl [ 40 =
0k - ) ]

0 T e g e S el e R T Lo e
0 01 02 03 04 05 06 07 08 09
Fisher Discriminant

b B 0 _ b et

02 015 -0.1 <005 0 005 0l 0I5 0
AE (GeV)

1
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Measererrent of 4 o in B°—> Kgpy

uTime—-clePenclent analgsis of B° — K_py clecags

e Cvent gielcl and CP parameters C and S extracted from a fit to m_,

AL, Fisher and At

¢ Sample divided in 6 mutually exclusive tageing categories ¢

60
50 -
40 -

30

Events/(0.533 ps)

20 F

10

() betetaz
-8

—4

-2

At (ps)

oy )

—é P;ig(Ata O-At; Qtag, C)

—E e_IAtl/TBO

: = 1
—; 4TBO |: + qtag

AD,
2

—i ® RE. (At, O'At),

sig

o 8 AD: Difference between D for B° andg’ tags

+ Grag (D)C(S}in(AmdAt) —@os(AmdAt))]

c= tagging categor9
C]tag:] (BTag:BC))
1 (B, =B
ag

¢ lagging lmPeﬁLec’clon D, AD & At Resolution Rsig from quarkonlum
sin(2B) analysis [PRL 99, 171803 (2007)]

Capri 2016, 11-13 June 2016
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Measctrenent of A L in B°—> Kgpy

Results:
BF(EO — K ﬂ:ﬂ:Y) (2.0 5"'2_ O+26 )]O~6 Consistent
S =0.14+0.25+0.0% with SM

Ksnmy

C.  =-039+0.20'99

Ksnry

¢ After correcting for D KSpy
S, =-0.18+032°3%S

¢ Systematics from resonance mocle”ing and AE, mﬁsancl Fisher

distributions shape

¢ Results consistent with Belle [PRL 101, 251601 (2008)]
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Conc/usions
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Concl/usions
aRare B decags are an excellent |aborator9 for the search for Plﬂgsics
begoncl the SM
aln the last few years several new measurements from LHC & B-Factories
experiments released with impressive experimental Prec:ision
¢ Almost all the results are in agreement with expectations but some
tension is present iINn some sectors: BabBar Ffor B — K (shown toclag),

B = KPuu (P55, BR(B = Kup) /BR(B — Kee)),
(but also B = DY1v/B — DOwy)

aStrong constraints on NP models from ﬁavor measurements
aRich program of measurements is expectecl from LHC/ Belle 11
experiments inthe coming years

+ Chances to discover/understand NP in the flavor sector in the near

future?

0
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Zac/&(p
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B~ K/

o Event Vields:

Mode s q q e q; qz

B — K*itg- 40.8 = 8.4 31.7T+7.1 11.94+ 5.5 21.3 + 8.5 31.9+9.2 33.2+T.H
BY — K*tgtg- 17.7 5.2 8.7+4.1 3.8 1+4.0 7.7+ 5.6 90 +4.8 04+42
BY — K*Uptg- 23.1 6.6 2294 5.8 81438 13.7 = 6.4 228+ T.8 23.8 - 6.6

P 595tematics:
¢ PDF shapes and Parameter statistical error

ol statistical error Progatecl nA_ fit
L B
¢ Mocleling of BKG PDF shape and Signal e{:ﬁciencg

@ Signal crossteed
¢ Fit bias
¢ Stabilitg vs cuts
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B = KX //
1.5 ,
Belle preliminary H
i LHCb 2013
41 LHCb 2015
B SM from DHMV
05 -

o LHCb full statistics result on P5': discrepancg at»40 level
[UHEP 02,104 (2016)]
¢ Belle confirms the tension at 2.1 0 level [arXiv:1604.04042]

10

q° (GeV*/c?)

20

¥
R

--LHCb -m-BaBar —4Belle

4n3¢(/ar Analysis: Ps' parameter

2

1.5

T ] T T

LHCb |

0.5

PRL 113 (2014) 151601

SM

10

15

-
g* [GeV?/c]

¢ Need to control the charm penguin to clisentangle SM from NP in C;’CF
and C;g

Capri 2016, 11-13 June 2016
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B— KUY : CMS Results

— 12EMS 205 ' (8 TeV) ,CMS 20.5fb " (8 TeV)
¥ - —— Data w E
S o F [ J(SM,LCSR) 0-9E
% [ [_](SM, Lattice ) D.B;— +
= 8l 0,?%
= [ 0.6E +
r}f 6] |—$—| I I 0.5E ;—$—| I
Dt i 0.4F |_$_| , }
s —*+— osf
- |_I_|_I_‘ DzE_—dl—Data
ol “E[](SM,LCSR )
i 0.1E [ (sMm, Lattice
by L B o R R
2 4 6 8 10 12 14 16 18 7 (GeV?)
q’ (GeV?) l ) ) h
 CMS nsn ety [RESUILS consistent with SM
£ 'F ——Data
< = ,
2'25 % E :: tcsln >> + Systematics from BKG PDF shapesJ
S , Lattice
0.4F- S S eﬁi’ciencg, simulation mismoc:leling and fit
0.2F
O

-0.2

+._{_¢—1—1 ______ e bias.

- Theoretical Preclictions:

-0.4F ,
-D.Ej{ - Lxght~cone sum rules at low q and
-U.Bi— extrapolation at high c]z
B e N R 7 B T— TS [UHEP 09 089 (2010), JHEP 02 010 (2013)]

4 Lattice [Phys. Rev. D89 094501 (2014)] “
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B K /| Related ouatities
aK' U*l tension motivates studies of differentia

[UHEP 06, 135 2014)]

dB/dg? [10® x c%GeV?]

B[CSR  Lattice -»Data
—

B K

LHCb 3

: + ‘
ﬂﬂ.l.”%““]Iﬂ”liilﬁ'l“?llﬂ”
¢* [GeV?cY]

dB/dg? [10® x c%GeV?]

: E
N

dB(B{—@up)/dg? [10°GeV *c*]

[JHEP 09,179 (2015)]

g [GeV7/c?]

R CSR  Lattice -+Data 2 M CSR Lattice -#Data
B-Kuw 1 7% B' K p ]
LHCb 1 9 15 LHCh -
1 W ¢ -
X ok - -
o [ -+- ]
= [ ;
] 5k —
& L i
D +‘+‘ ! ]
A N T B - N %U'...I.J..l....h._'.l..'
5 10 15 20 0 5 10 15 20
¢ [GeV¥¢4] g* (GeV¥c4]
.T: I.S: T T 3
_,i 1,6;_ 5M predictio f\b—)f\“u _E
Ou 14 . E
= 12F =
v R
o S ;L 0.6 ::--"‘;'" ----- i-“_“i_;
Bewd  §oaft [ —+- | LHCb 1
15 0 5 10 15 20

[UHEP 06, 115 (2015)]

.aA” the results are “consistent” with SM at<2.2 ¢

abut all of them are lower than the Preclic’cions...
Capri 2016, 11-13 June 2016

g% [GeV?/c?]
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B—n /*/"

- 70 = ! ! ' 1 d ! ! I " ! ' I ' = ! L:
aMeasurements of related b — CI|J|J § cof LLHCb 3
L = -
= NP
channels very useful to reveal = 50 BT S
Z g H#1 T gl
. . s, - N FEl Bt—D [ThaY =
information on Minimal Flavor 8 soEN  F1 000 e PO
, , , S _ Bl—f i
Violation nature of New Phgslcs B 208 Nl 0 Combinatorial
< E
e + . 4
0

T 5200 5400 5600 5800 6000
m(rutu’) (MeV/ce?)

L HCh HEP 10, 034 2015)1:

BR® = aun)=(1.85£0.24+0.05) 10" in agreement with MFV

BR (B — w'') /BR (B — Kiuw) = 0.0%7 + 0.008+0.00!

IV I/IV 1=0.247050 in agreement with box processes (Am /Am ) results
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+ + -
B — K't't
uSignal etficiencies and expectecl Peaking BKG events (92%) from
simulation corrected accorcling to Data/MC ratio before NN cut:

( NData )

MC
N BKG

=0.913x0.020

@ Expectec] combinatorial BKG events (8%) from data mEs Side Band

RN R B IS LA LR IURLLE LIS IR R
, 180
¢ Data/MC Btagﬂ'CHS b m(KT) in B — D°l v *
_ ‘ 140 Data (points)
Cross Cl"lCCl(CCl USIﬂg 10 MC (solid)

B — D[y, D°— Kn
(before NN cut)

100

Entries(/20 MeV/c?)

= O
= O

2
=

oo III|III|IIIIIII|III|III|III|III|III|II_

181 182 183 184 185 186 187 188 189
m,-_. GeV/c

i

9

b = III|III|IIIIIII|III|III|III|III|III|II
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- + -
B = K't't
aCross checks to understand the excess:
aExcess Prcscnt also in the Btag side band

aDiscriminating variable in the NN:

@ sp= ?iz _ . ) mKD), K- ang’e in the di-tau frame, IePton

B B

momentum, missing energy. e.m. energy not associated to B
3 3 tag

aAll of them comPatible with BKG statistical fluctuation
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B — Kt't

aSgstematics:
aTheorg (signal emcﬁciency): 3% from shaPe of the clz distribution

(Lattice QCD vs lignf cone sum rules)
abtag Yield: 1.5% from MC correction using,m e sideband

aPID: 5% from Data/MC comParison
an’ Veto: 3%
aNN cut: 2.6% from Data/MC checked on B* = D°l v (D° = Knx)
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Measurement of A . in Bo— Kspy

35
30
25
20
15
10

BCHC[PRL 101, 251601 (200813
_ +0.05
S,.,, =0.11£0.3%

-0.09

A (direct)=0.05+0.18+0.06

Belle

Events/2ps

Events/2ps

LHCbIPRL 12, 161901 Q0141

Events/2ps

L deco dal’_ _ "U' cos -4
Adzfﬂd SHH{:USE? —ld Sgdcusfi
W= 1 dl’
f-l dcosgdwsﬂ

—

Ozangle between P}‘noton and Knn Plane normal

m (LLL3) (1314 [1416)  [L6,LI]

K

1/N x dN/dcosB

[1.1,1.3] GeV/c?

Aq 6917 49420 5618 4SE19  orwog w1 S w o or

[1.3,1.4] GeV/c2

cosd

5.20 signiﬁcance for nonzero % 2 ol

2 2 osf

up clown asgmmetrg : %E?
. T [1.4,1.6] GeV/c? 1 “r [1.6,1.9] GeV/c2 E
First measurement b TR, Gl TR,

cos® cosd
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