Rare or forbidden B decays
with BABAR

Steven Robertson

Institute of Particle Physics
&
McGill University

Presented at
ICHEP 2012
on behalf of the BABAR Collaboration
July 6, 2012
Melbourne, Australia

INSTITUTE OF

i e McGill



" Outline

Recent BABAR results of searches for
the rare or forbidden decays:

BABAR
. Nt o+ pt data sample of
B'—ht"t h=K,x ~470 million
e BPShtt {=e, Y'(4S) —BB events

« B’ vv(y) (i.e.invisible final states)

BABAR DETECTOR FOR THE PEP-1l B FACTORY
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Lepton number not explicitly conserved
in many SM extensions

« LNViIinB"—=h €'¢" is AL =2 process which
can occur via Majorana neutrinos

- complementary to Ov[3(3

searches

BABAR search for B" — h £'¢" (h=K,n)

« 3-charged-particle final states, with “wrong-sign”
charge combinations compared with SM
B"—K"t"¢" modes

- Event selection similar to B—K®¢ ¢
analysis
(see talk by G. Eigen, Weds 2:15)
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Events / (1.0 MeV/c? Events /(0.5 MeV/c?)

« Use B™— h'Jiy (— £7¢) control samples to
validate signal efficiencies
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« Background suppression using 18-input
Boosted Decision Tree (BDT) based on
event shape variables
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- Signal extracted from 2-d fit to mgg and BDT
output
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Events / (5.0 MeV/c®) Events /(5.0 MeV/c?)

E 522 524 526 5.28

E m_ (GeV/c?)
e B T e S Mode B (x10~%) By (x10~%)
m, (GeVic’) Bt - netet 027t 401 2.3
- Substantial improvement in electron channel results Bt = K etet 049753 +0.1 3.0
- MW" mode sensitivity comparable to LHCb: BT - n ptpt 0037554+0.6 10.7
LHCb: B(B"—X1'u") < 1.3 x 10°= 2.6 x 10° (41 pb”) BY — K—utut 045132404 6.7
PRL 108, 101601 (2012); arXiv:1201.5600




- B*—h "l (h=K,n)

Lepton flavour is not conserved in standard model

 Charged LFV from neutrino mixing expected, but at levels :
far below current experimental sensitivity, hence excellent 5+ _ |

probes of beyond-SM physics ’

New sources of explicit non-conservation arise in
many new physics scenarios

« Most interesting decays are those containing 3™ generation B+i K

charged lepton (1) due to large mass (e.g. Higgs mediated _
LFV) and less stringent experimental constraints : !
0s, et ut
BABAR (383M BB) ———id
B(B* -»K*t'w) < 7.7 x 10°® . —

PRL 99, 201801 (2007)

M. Sher, Y. Yuan,
Phys.Rev. D44 1461 (1991)

« New search reports first experimental results
for B —»Krte, ntu, and nte



" m Methodology

B decays with neutrinos (or other missing energy) have limited
kinematic information available to uniquely identify the signal decay

- Instead, exclusively reconstruct one of the B meson decays (“tag B”) in
one of several thousand hadronic (or semileptonic) decay modes:

- e
- '- Tl
’{—:'* | =
“Signal” Y ™ < :‘
gB < 7 TN "Tag” B O
/ S (exclusively Mes [Ge]
(B* -K*t'0) Y 4 4 e reconstructed) B — —
L \e,l.l * z decay MESs = Ebeam — PpB
Event S~ daughters \AE* = Ep — Ef

missing energy

- Improves knowledge of signal kinematics and missing energy, and
strongly suppresses combinatorial backgrounds

- Disadvantage: low reconstruction efficiency

« Analogous method based on semileptonic B’ -D*"{*v decays
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Search for evidence of signal decay in remaining detector activity
after “hadronic tag B” reconstruction

* 1-prong t decay modes (e/w/n) i.e. 3-track final state signature

Suppress backgrounds from b—c decay by requiring “K-n”
invariant mass to be above D mass (my > 1.95 GeV)

e combine primary hadron (h) with oppositely charged track
(either the primary lepton or tau daughter e, u or 1)

+ + - + W o0 T 3 b o120 =
B _)K T e g 1007 v signal MC B B+ HK+ B- T+ E 100~ W signal MC 7
? o N 2 sol -
background: £ oo i background: £ i
+ ()0 p+ a 40 - . B 40l .
B _)D E Y% 20 M B+—)D( )07I+ 20 .
1 0 i 03 T B R ¥ B S ¥ . 0 +p- 03 T R R ¥ S S ¥ S—
Wlth D _)K T m(Kn) (GeV/c?) W|th D —)K E A% m(Km) (GeV/c?)
4, TrrTrTTT T T T T T T T T T T T T e T 9, LA L L L B L B B BN
= 30001~ n = 3000~ 7
E 2500l all backgrounds | 2 B all backgrounds |
o B*— K'tu* = 2300 B*— K't*uw
2000 - 0y - - 7 20001 0\ 4o
o T Qn) T v, > T (o) TV,
= 1500~ 7] $ 13001 |
> >
= 1000_ 77777777777777777 > — M 1000_ *************** > |
500~ - 7 500~ —
00 .w— an / ) ] I hﬁm— ) )
2 25 3 35 4 O 05 1 15 2 25 aeeseeey
m(Kn) (GeV/c?) m(Kn) (GeV/c?)
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Define B'— D™ ¢'v (D’—K'r) control
samples by requiring m(Kmr) consistent
with D’ mass:

1.845 <m(Km) < 1.885 GeV/c*

* use to normalize signal modes to
measured B'— D™ {'v branching
fractions

Continuum background suppressed
with multivariate likelihood based on
event shape, calorimeter energy
deposition and PID quality

« veto J/y — €€ and photon
conversions based on m(£"¢)

Events / 0.020 GeV

Events / 0.020 GeV
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BABAR

- B —->Duv
— control sample

T 06 04 02 0 02
AEP*™ (GeV)

- B -DM%yv
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Extract signal from data yield in

—
-2

b 1 IAPRSARERSARENS k=
reconstructed t invariant mass (m,) % | o B K vp |1
> leE E i T
* 4-vector of t determined from h-{-B & F 28 1 B
combination PR 16 18 2 )
= i m, (GeV/c’) |
— — — — g b_ 4 T
Pr = —Ptag — Ph — Pt m 4
Er = Epeam — Ep — EE: 4:_ il ;
m, = VEZ -5, -
0: L L R B RN R |:
: : : 0 : : 25
« m, sideband regions used to estimal @
background in signal region
B(B — htf) (x107%)
Model independent limits on NP scale Mode central value 90% C.L. UL
in T-p flavour changing operators™: Bt - Ktru 0.0 27 < 48
Ay 11 TeV BT 5 K'tre —0.6 711 <30
+ + 5 T3.8
Ao 15TV oon 66, 053002 (2002) B- =y 05 ~s.9 <72
BT — nfre 2.3 132 < 7.5




BABAR

n BO_"’T’(V) (“invisible”) iz g8

SM contributions:

B’—vv strongly helicity suppressed FCNC in SM

* Presence of energetic photon removes suppression:
B( B°—vvy )gy ~ 10”

« Experimental signature (missing energy) does not
distinguish between final state neutrinos or other
undetected particles

Possibility of enhancement to ~107-10° in some new
physics models (RPV SUSY, LED models)

— Light neutralino contributions to B°—invisible:

0 — =0
Bd. — V’LX 1 A. Dedes, H. Dreiner, and P.

Richardson,
Phys. Rev. D65, 015001 (2002).
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— BABAR
H % BO_) 1H Tl bl ek Submitted to PRD
n [] VV y ( INVISI e ) arXiv:1206.2543

Use semileptonic tag reconstruction method to 25— BO o

identify B decays associated with little or no Saor| - Brekmouna . 22:91‘;:
/1 % 250 —— Data Sig:' E
detector activity Semileptonic . £20 e=0.018% |
_ : “Tag” B’ 15¢ =
« Similar to hadronic tag 29 /4/;\\ 10 1 H-} _ﬂL H +ﬁ%}$+++£
method but higher o ; - T + 5
yield: B' —w(1) PARING S E
v .-€ missing 1Ol L T

a--"" energy 0O 02 04 06 08 1 1.2

.. \V," Ecxtra (GeV)
missing ! = | 1 | L I B

energy ” EZO_ — Total B _)W,Y

« Require no additional charged tracks %15 ------ Sienal Niig=-3£5+7
g £=0.016%

« Further background suppression using neural net or E
combining event shape and tag-B kinematic variables l J{ lh—H l H%
- Signal yield obtained from fitto E_, . iit_MLJIHJT L‘]TT'JF Jrh ljr JrH y
O s : 1
(= total calorimeter energy excluding B,y and signal vy) e ]

B(BY — invisible) < 2.4 x 107°
B(B° — invisible +v) < 1.7 x 107°

(E,> 1.2 GeV)

E (GeV)

extra

~order of magnitude
improvement over
previous BABAR limits
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Summary

Recent results from BABAR on very rare or forbidden
processes:

« Search for lepton number violation in B"— h ¢ ("

PRD, 85, 071103(R) (2012)

« Search for lepton flavour violation in B"— h't" {

Accepted by PRD; arXiv:1204.2852

 Search for “invisible” final states in B’ — v v (y)

Submitted to PRD; arXiv:1206.2543

= No evidence of signal in any mode, consistent with
standard model expectation

12



Backup slides
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B:I:
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BABAR

Accepted by PRD
arXiv:1204.2852

B(B — hrt) (x107%)

Mode 7 channel b; T €hTi.i central value 90% C.L. UL

e 04+02 2 (26+02)%

Bt 5 Ktr—ut " 03402 0 (324+04)% 0.8 19 < 4.5
s 1.8+08 1 (41+04)%
e 02+01 0 (3.7+0.3)%

Bt - Ktrtu~ m 02+01 0 (36+07)% —04 153 <28
T 69+15 11 (91+05)%
e 06+01 2 (22+02)%

Bt 5 Ktr—et m 0.1+£01 0 (27+06)% 0.2 ¥13 <43
™ 15405 1 (4.8+0.6)%
e 08+05 0 (28+1.1)%

Bt - Ktrte™ m 01+£01 0 (324+07)% —-1.31]3 <15
™ 46+13 4 (87+1.2)%
e 09+06 0 (23+02)%

Bt 5 atr put " 1.1+£04 2 (29+04)% 0.4 ¥33 < 6.2
™ 33+09 4 (28+02)%
e 21+05 2 (3.8+0.3)%

Bt o atrtu~ m 36+09 4 (48+0.3)% 0.0 ¥28 < 4.5
w 254+3 23 (9.1+06)%
e 0.1+£0.1 1 (20+08)%

BT s atr—et m 04+02 1 (28+03)% 2.8 t24 <74
™ 60+1.4 7 (58+0.3)%
e 1.0+£04 0 (29+03)%

Bt 5 ntrte” m 30+1.2 2 (46+04)%  —3.1 24 <20
™ 57+25 3 (3.7+£1.0)%

14



Events / 120 MeV/¢?

Events / 120 MeV/¢?
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Accepted by PRD
arXiv:1204.2852
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‘s The BABAR experiment

Large data samples corresponding to
« 432 fb" Y(4S) “onpeak”

° 53 fb-1 “Oﬂ:peaku
- collected ~40MeV below Y'(4S) peak  **

As of 2008/04/11 00:00

BaBar

PEP Il Delivered Luminosity: 553.48/fh v eereresersnsininonni i
BaBar Recorded Luminosity: 531.43/ib a
BaBar Recorded Y(4s): 432.89/fb -
BaBar Recorded Y(3s): 30.23/fb -
BaBar Recorded Y(2s): 14.45/fb _
Off Peak Luminosity: 53.85/fb

500

400

Integrated Luminosity [fb™]

* Also samples of “narrow Y” events: 200

- 122 x 10° Y(3S) decays
- 99 x 10° Y(2S) decays
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