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Rare B decays: New Phy

7
e

« CMS and ATLAS search for direct production of new particles predicted in
many extensions of the Standard Model (SM)

 New particles also contribute to heavy mesons decays

e Search for deviations from SM predictions due to virtual contributions of new
heavy particles in loop processes

« Complementary to the direct search at LHC

K The most interesting processes are those that are strongly suppressed irN
the SM: FCNC processes (but also LFV, CPV in B, ; mixing...)

* NP could increase the expectations by orders of magnitude

 Rare B decays can probe mass scales beyond the direct reach of LHC

/ Standard Model contribution New Physics loops \
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Rare B decays: New Phys

« CMS and ATLAS search for direct production of new particles predicted in
many extensions of the Standard Model (SM)

 New particles also contribute to heavy mesons decays

e Search for deviations from SM predictions due to virtual contributions of new

heavy particle/s»"““*““““ﬁ

 Complement: Outline
K The most intere | will focus on recent y suppressed irﬁ
the SM: FCNC measurements on ng...)
« NP could inct radiative & EW penguin
« Rare B decay decays ach of LHC
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BaBar in a nutshell

e Operation: 05/1999-04/2008 (BaBar, PEP-II)

BABAR Detector

Instrumented

1.5T Solenoid
Flux Return

Drift Chamber

* e*e” machines run at Y(4S) resonance: y

- Y(4S) decays only in B°B? and B*B~ (very clean
environment)

e* (3.1 GeV)

- Cross section is relatively high: 1.06nb

e (9.0 GeV)

Electromagnetic
Calorimeter

- Backgrounds from e*e~ — qq (~3 nb) Cherenkov Detector

(DIRC) Silicon Vertex

Detector

~470 x 108 BB pairs

Kinematics of fully reconstructed B

_-.51:n' !
4100 I A ) *)
C\mes =AE, =P e
o | | LES V Esean = Vs Background discrimination
© mes || . -
) JAE = Ey—Epp| |etem = T(48) = BB | etem o qq
-

0O ml"—"\..ﬂ—n_—n—.l’ Ll b —
=100 [: ) ' :

"LIMCT e AE
{ .

23 F

. - ) - . e
o[- Vi, 1.&|

5 oLy i -"'i.lrl

=30
=73
wo L -

p, ~300MeV /¢
Y 4

S I T o P
Bal 200 40 A S0 wdd Oy Ma) W0

M.Rotondo

Flavour2014@Quy Noh


mailto:Flavour2014@Quy

B—>X_(+(-

« “Measurement of the B—=>X_{'*{~ branching fraction and

search for direct CP violation from a sum of exclusive final
states”

Phys. Rev. Lett. 112, 211802 (2014)

M.Rotondo Flavour2014@Quy Nohn _
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Nucl.Phys.B802,40 (2008)

Phys.Rev.D 54,882

« Sensitive to NP effects in photon, vector and ) 5 0~
axial-vector coupling g4 =M+4(t?t) .
« FCNC process forbidden at tree level: BF~10-6 - v, Z°
NP enter at the SM level 7 \
"+ 1<q2<6GeV2—>BRg, = (1.59 £0.11) -10° | b [ wet ) ]
.« 2> 14.4 GeVZ - BRg,, = (0.24 £ 0.07) -10° - o+
« Direct CP violation: SM predicts A p<< 1% in // vy //
. exclusive and inclusive transitions Y / < 7
) W=, , W
« Large extent complementary to B, — p'p~ b / u, c,t / s
> > >
a Decay amplitudes expressed using OPE in terms of perturbatively A
calculable effective coefficients:
- Short distance Wilson coefficients: C.eff, Cgefl, C,°ff
N - Theoretical uncertainties: ~7-30% (in different g2 regions) D
M.Rotondo Flavour2014@Quy w,'/ 6
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B—X_{+~ (2/4)

 Measurement performed using a sum of 20 fully reconstructed modes

~

X, modes

r=e/n \
« Opions: K" K=«

.« 1 pion: K+T[O, K+T[_, KST[+9 KST[O <
A

» 2pions: K'nn®, K'nn™, Km0, K rm™

. /

Not used in the A
measurement

« Reconstructed states account for 70% of inclusive rate: extrapolation to
total rate from MC (JETSET fragmentation and theoretical

* B decays to J/y and y(2S) have same final state particles: explicit mass
vetoes applied — vetoed events make excellent control sample

4 N
« B>X,(*{" yields extracted in dA
CP
hadronic mass (M., ) and g2 df? jﬂa BR 7
' q
S bins q x y
M.Rotondo Flavour2014@Qu 7



mailto:Flavour2014@Quy

B—>X € (3/4)
« Yields extracted in various g% & M, bins by 2D (mgg, Lg) fit
— x2 %
- MES = \/Ebea,m Pp AE = E beam

« BB combinatorial background using a Likelihood Ratio (L) defined

from outputs of eights BDTs exploiting kinematical and topological
quantities

B—>X.e*e: 1<qg?<6 GeV?

Signal Enhanced Range: LFl >0.8 Signal Enhanced Range: m__>5.27 GeV/c®
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BoX (0 (4/4) _ L
q, 2r
O B
 Observed BR scaled to fullrate =1.5P- SM
based on simulation S F ete”
= 1 e
_ +0.70 +0.34 re © I
[BR—(6.73 Fea o5 +0.50) 106} 00561 _average
BRg, = (4.6 £ 0.8) -10° 3 0f -
:
o (GeV/c?)

4 N

e I:1<g2<6 GeV? S —— —
BR=(1.60°0% 017 40.18) 10° oo | | | AGP=§;E§3;§§%
BRg, = (1.59 £ 0.11) -10°® o podl ] o @ }

e II: g2 above y(2S) _O_S_T— ________ l . Sl =
BR = (0.5770' 12 ~00+0.0) 10° .

 BRgy=(025£0.07)-10° -

20'I — I25
j P (GeV?/ch

Evrre—— A= 0.0420.11,,2001,,
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BoKnttt- & BX, f+f‘ y

1 —— ————— This Ieads to a reduced value of inclusive
08 LHCb SM Predictions ] B(B_)XS f—'_f )
0.6 -
0.4 + ~4— Data 4 * However, our measurement of BF at high-
02! 1 - g2 does not support this hypothesis

CLLn O —| pr—— e | — —_— — — —

02} * ~ BABAR result
04 = - ‘“‘—-—_Hz i i
06 |- 3.70 —+— - S S
-0.8 |- + - 0.5F

B I ————— = T B R T S | :_

0 5 10 15 20 -6
o2 [GeV?cY] g 0.4F 90 4

* LHCb measurement of observables 2 =: © SM ]

“free” from Form Factor contributions = 0.3 ° / 4
- o]
PRL111,191801(2013) :.?‘“

* Global fits to recent b — sll and b— sy % 0.2} 5Ca NP -
data favor decreased value of Wilson o 5 «— 7 :
coefficient C,.: indication of NP? 0.1 3

3 [Hurth, Mahmoudi, JHEP 1404 (2014) 097] B

JHEP1305,043 (2013), PRD88,074002(2013) Oﬂ'l12| ;'34
BR(B—X:H " )iow-q”
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B—>X.Y

« “Measurement of Direct CP asymmetry in B>X_y decays
using sum of Exclusive decays”

Submitted to Phys. Rev. D. arXiv: 1406.0534

M.Rotondo Flavour2014@Quy Nohn /
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B—>X_y (1/4) 00 T o7
S . PRD 86, 112008 (2012) D

« Measurement of the BF of inclusive 800

Only BaBar data

B— X,y decay is extremely powerful < | M(H") < 327 GeV excluded |

to constrain NP “i: 600 2t 95%CL for any tanp |

Charged Higgs y—_— § wolla— Stronger constraint for tan f<2 |
Contribution in 2HDM JE=~ _
———— & ————8E 00|

Q New observables in inclusive decaysD

Direct CP violation Difference of CP asymmetry N
L= s =10=5%  AAgp = Acp(BF) - Acp(B°) o Im(&
A = — — XL
T = sv) +T(b — ) op = Acp(B%) = Acp(B) (08)

« Allows access to Wilson coefficients Cg

« Expected small in the SM
~0.6 % < ApSM < 2.8%

- New particles in the loop could
enhance A-p up to 15%

Benzke et al. PRL106,141801

Hurt at al. Nucl.Phys.B 704 56
Wolfenstein et.al PRL73,2809 /

M.Rotondo Flavour2014@Quy // 12
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B—>Xy (2/4)

. Measurement performed using a sum of 38 N Charge modes N
reconstructed modes K{i —,-.- E =
« 16 self-tagged modes for A~, measurement K* 7 v
N cP / K+ nt n— ~
Kg «t w® ~
« Kand n using charge PID, veto n%n — vy K+ 70 #¥ ~
. L Kdnmt o wht =~
« Selection criteria: K ot o= o0
. 16<E <3.0GeV Kgnt w7y
K™ n~
« 0.6<my,<2.0GeV K+ K- K+ ~
* AE>0.15 GeV Neutral modes
. Mg > 5.24 GeV/c? K" 7~
K*n~ w0~
« Two multivariate classifiers to: Ktntn-n"~
| K+ T ﬂ"” ,ﬂ.l] ~
- Select the best candidate K+nnx ~
- Reduce continuum background \_ K"K K .

M.Rotondo Flavour2014@Quy No 13
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B—>X.y (3/4)

 Simultaneous mg¢ fit of charged and neutral B

= _ +
« A.p decomposed in three components: [ACP Apeak A et D]

- Apeqi fitted asymmetry from raw fitted yields of mgg distribution

- Ayt detector asymmetry (due to efficiency difference in K+ and K-)

« Extracted from mcq side band A =(-1.4 +- 0.7)%

- D: dilution due to peaking background contamination or wrongly reconstructed B —
X,y (cross feed)

« Accounted for as systematic uncertainty: 6A-p=0.9%

= - +
A !B.a.m.l‘si. ] _ Nmn_....!....!Bﬂ.?f“c.lBi.
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§3°”' """" Continuum -~ mdeband:| %"'300 """""""" '.5.‘i'c:l'e''l:):;';\'n'cﬂl """"""""" / | """"""""" '

0 250} | Data | e Al I1 ---------------- 1w 250+ ----- .. T T :
| E : 1 AN ] { E : 1 ) iy

© 200L: Hi i { ........... } .......... — } ............. - | ... F .f..@...“.‘... ............ £ o 200 Mt ‘-'." : . m S ——— - + -ty ){F*’u } .......... ]
N T L I I O A s I A

)] _,h-, TLTT T R T gLt e Lyt ,'! {JT.'L eeeeennd] QO _i}rj-{ ol Tt 1, kel R Ay W
& 0 ++ H |I A { T Foo 11 I e ]5{]; + H \lH | | {1t \a | }

% 1(10 ....................... ....................... Ij\ ...... _ "E 1.30_ ...................... "I:\a{H

| | / | e ] - | | / i LU
E 5[}MAR ----------------------- oo :!" ------------ 1;-'-'-—: g;‘* 5G—BABAR ---------------------- : -------- p *“\
M ofPrelimipary . | 1 S oo~ Y m i Prelimipary. 0 o0 SN
£24 9.25 5.26 5.27 5.28 5.29 £24 5.25 5.26 5.27 5.28 5.29

mys (GeV/e? ) mpgs (GeV/e*)


mailto:Flavour2014@Quy

B—>X.y (4/4)

B Sample Apeak D Ager Acp

AlB  +(0.33£1.80% =0.88% —(1.40=0.49+0.51)% §+(1.73+1.93+1.02)%
Charged B +(3.14 +2.86)% =+0.80% —(1.09+0.67+0.51)% [+(4.23 +2.93 + 0.95)%
Neutral B —(2.48+2.47)% +0.97% —(1.74+0.72+0.51)% |—(0.74 £2.57 £ 1.10)%

s 2
— min Y

« CP asymmetry for all B mesons: sf EE 68% C.I.
e Acp =+ (1.7+£1.9+£1.0)% ot . 90%C..
N>< o
. Isospin difference of A p: .
« Ay, =+ (5.0£3.9£1.5)% ZE o
=
. AAXSY provides limits on poorly known |

Wilson Coefficient Cg:

0.07 < Im C% < 1.48, 68% CL
Cry =

o Im(Cy,/C,,)
~1.64 < Im C'ri < 6.52, 90% CL Acp and AA, in agreement with SM

Benzke et al. PRL106,141801
M.Rotondo Flavour2014@Quy Nonn / 15


mailto:Flavour2014@Quy

. “Time-dependent analysis of B>>K_ nn'y and studies of the
K'n™n* system in B*—>K*nn*y decays”

Paper to be submitted to Phy.Rev.D

M.Rotondo Flavour2014@Quy Nohn
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B—>K ity (1/5)

* Radiative b—sy b
* described in the SM as interaction between @
left-handed quark and right-handed s(A=-1/2) y(A=-1)
antiquarks -~
* In SM: predominance of left-handed photons Helicity: 4 = ﬁfp
P

* NP particles: enhancement of the right-
handed photons contribution

 Method to probe the photon polarization:

« Measurement of CP asymmetry parameters in radiative B?—K_p% decay

—0
r(B'(A ~I(B%A
ACP(At) _ F(—O( t) — fCP'Y) ( D( t) — fC‘P’Y) In the SM
(B'(At) = fopy) + T(BO(AL) = fopy) m,
= Sy, sin (AmgAt) — C; ., cos (AmaAt) Spep o~ 0.02

M.Rotondo Flavour2014@Quy No 17
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BoK mmy (2/5) B i o K

« Extract the parameter Sy, in BO—K_pOy Biag / /

b B

« Experimentally: time dependent analysis of - o=
BO—K_ nn _ |
s Y At = trec'ttag
_ : — + . 41N-6 At from distance between the two
Rare decays: BF = (9.8 £ 1.1)10 {BO decay vertices in the event

— Dilution from irreducible BKG from non CP
eigenstates

« BO—K ply . BO—>K*(KS7I)7W

R,L — BT
0 -+ s m

—ﬂ-_ m
- Measure an effective value of S: Sygr, Sng ey
C D}{ﬂm —
- The value of Sk, is diluted S Sﬁgm

 Dilution is extracted from the amplitudes of the intermediate resonances
from B*—-K*n n*y assuming the Isospin Symmetry

M.Rotondo Flavour2014@Quy Nohi 18
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Three stages of the B — K*nn* vy analysis:

(1) 3D ML fitto - w=fIlES 1, o Fisher:
extract Mk & ¥ 18 g ;
and mx; signal : * 8= 1¢ <
spectra B Al i a g

2w E;::-l:m Preliminary % : 0 Prelmunary_:
E! 521 5322 573 54 535 526 577 528 52 55_? 015 01 005 0 005 01 015 0 0

\7 m, (GeVic) AE (GeV) Fisher Discriminant

(2) Fit to mka: spectrum to determine (3) Fit to mk: spectrum to determine
K:.s amplitudes and BFs amplitudes of K'(892), p%(770),...
dilution factor calculation

1200~ 1 T T | I AR LA RS LA LA L RS A L A
] _1200¢ ]
% 100} MNKnn BABAR % 1000 INKn BABAR
> Preliminary | =z : Preliminary
3 8o ] © ﬁ - _ () 540+0.096 :
Z af g o0 y Kopy = U929 0094
=] g 40{" | 1
7 S 200F § gt
S 20} 5 ope T
m = F i
: 0 mg'ﬂ'? At‘
4H 4 -
ES oy f ; 7 BT ES  opg LR e Ly L L L S
£$4ﬂj3' 1 T 14 16 18 InPUt 2 ST B ST R S I N B R S U R A 0
my__ (GeVic) my_ (GeVic)
N 19
M.Rotondo Flavour2014.
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B—>K ity (4/5)

B(BT — Mode) x _ PDG values
Mode B((R ) x lgl_ﬂ B(B* — Mode) x 107° (x10-)
g‘fl“_s}“};ﬂﬂ_? 27.24+1.0711 27.6+2.2
K*0(892)7t 17.3+ 09712 26.0"13+1.8 2077
Resonances in the Knn system
y K*p(770)% 9.1108+1.3 9.2"05+1.340.02] | <20 CL=90%
(Km)0nty 11.3 + 1.5720 e ﬂ
1] 2.6
Several BF: \ (Km)jmty (NR) “e 10.8713132 < 9.2 CL=90%
measured: K{5(1430)nty 0.51 +£0.0770% {082+ 0017015 +0. 0
- many are the world
+
beSt B(B™ — Mode)x " g PDG values
Mode B(Kye — K17 x 106 B(B™ — Mode) x 10 (x10-5)
- some are measured Tnclusive 11
. : P 2712+ 1.0%] 27.6 £2.2
\for the first time / B"~ Knay
K1(1270)y 14.5739+1] 440780135 446 43+13

K1(1400) Ty 41719413 [ o7t631 106 )| <15 CL=00%
BRs of various resonances
Decaing to Knn system from

m(Kpp) K3(1430)*y 51210 104787163 1 05 1444

K*(1410)ty T2 | 238753130 £2.4 ]

K*(1680) ™y otk T2t +58 || <1900 CL=90%

M.Rotondo Flavour2014@Quy Nof 20
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* 4D ML fit to four discriminating
variables

254 + 24717

S|gnal

-
BB = K'rn77) = (23.9+ 24715 x 107°

Sk

cKETi'"‘TI""r

= 0.14 £ 0.25(stat. ] 0 gé(syst )

0 _
qmtTTy

—0.39 £ 0.20(stat.) & 0.05(syst.

)
>
&
Lag]
[
=
-
e
z
=
2
M

9,2 521 522 5.23 524 5.25 5.26 5.27 528 529

My (GeV/icT)
. R AR L o ARARE
0 . —— Dat —
Fisher Dwim

i
[ Continuum |

= :y

=) ™ ]

Z Generic

= X:I; 1

o B’ Ganaric -

E Kgnn.r -]

K=y

% 01 02 03 04 05 06 07 08 09 1
Fisher Discriminant

SK%M

— (.29 + 045510076

M.Rotondo
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Events/(0.04 GeV/c)

Events/(0.533 ps)

e P i

—?I,Z 015 0.1 005 0

005 0.1 015 02
AE (GeV/c)

III%IIII%IIIIL?“IIII%II
RRRREROOEDY 1

[~
(=]
T

In agreement with SM prediction

 The current sensitivity does not allow
to constrain NP models

21
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Conclusions 4

« BaBar still produces exciting physics results using new
analysis techniques to access new interesting observables

-~

-

- B—=>X ¢ from a sum of exclusive final decays
- B—>X,y search for CP viol. and first measurement of AAp

- TD analysis of BO—K_nny and study of B*—Knmny decay

~

/

* No evidence of New Physics so far!

e Larger statistics are needed to tell wether or not there are
indications of NP in these decays

» Search for indirect signal of NP is continuing with much

high statistical samples @LHC (LHCb, CMS, ATLAS) and
In near future at Belle-l|

M.Rotondo Flavour2014@Quy
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Backup slides
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BaBar in a nutshell

e Operation: 05/1999-04/2008 (BaBar, PEP-Il)  stumented

Flux Return

BABAR Detector

1.5T Solenoid

* e*e” machines run at Y(4S) resonance:

Drift Chamber

.

- Y(4S) decays only in B°B? and B*B~

(very clean environment) e* (3.1 GeV)

- Cross section is relatively high:
1.06nb

- Backgrounds from e*e™ — qqg (~3 nb)

e~ (9.0 GeV)

Electromagnetic

Calorimeter
Cherenkov Detector

(DIRC) Silicon Vertex

Kinematics of fully reconstructed B Detector

2120

~470 x 106 BB pairs

2_'-: 100 ] - [ . )
. | Mes = Eypun = Pg
- Meg ~ - Backrground discrimination
* L |AE=E,-E,,
20 . oeam

o 0 m:'h’l..n_n__rh.r" a l S f+'” ¢H|l(4,"';l - !’“ l +r ' 111!

& 10 o CLE . E ‘

o »s | . e : i'
REMC: o 8
75 : ) e x I_ . L, . s i
t R S TR T ‘*..,u P ™ 300MeV /¢
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B>X (¢~ partial BF .vs. Mx

O

> 6

© [

Ol . .

= 4%- ® |

2 2 .-

e 0L I

S 04 1 12 14 16 1.8
2

o m, . (GeV/c?)

M.Rotondo Flavour2014@Quy //


mailto:Flavour2014@Quy

BF(B) T BF(E) % 1__ ......................... S— S— ;
Acp = — < [
BF(B) + BF(B) |
g | osl L L
« Sample divided according to - T | |
lepton kind and B flavor - 1 . } = :
* Inferred from K/n charges 0+ """ ] """" """"""""" -§ """"""""" %
- No model-dependent -
extrapolation of signal rates 05T
performed -
A - _ |
5 10 15

[ACP= 0.04 + O.'I’IStatiO.O'ISySD T

. : T Eur.Phys.JC8 619
In agreement with SM predictions Phys.Rev.D 54,882

M.Rotondo Flavour2014@Quy w,y'/ 26
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B— Xy R, LEP B -1 B-Drv K - puv

500 f

U. Haisch,
arXiv:0805.2141
> |
O 300l
200
100

tanﬁ
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