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Hot Topics In BaBar  #s

¥

» Search for light Higgs-like particle:
e Y(3S) - yA" A o utu”
» Searchesfor Lepton Flavor Violation decays:

e Y(3S) - €'t ,u*t"

. 7 - 3 =e p)

Jo&o Firmino da Costa (LAL Orsay)
on behalf of the BaBar Collaboration
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? Why T (38) — 7/AO, AO — ‘Ll ‘Ll beliecadan

tanf=10, u=150 GeV,

1n—3

M(A0)<2M{t) é LI L) I rriri I L L I 1 lé

NM SSM OM(7)<M(A%)<7 5 GeV - . o]

 NMSSM introduces a singlet Higgs field wh| 88GeV<MA%<92GeV | | -

mixes with standard Higgs creating & A 1074 =——"" —

CP-odd& possibly light. = :

* NMSSM parameter space allows c’g; - . -

BR(Y(3S)—YA°) up to i ; )l

~A=-5 L —

+ 107+ E Y E

&~ C . .

o - ]

m I S i

- 1076 |- —

AXions : -
« Axion-like pseudoscalar bosons decaying mainly Gunion et al, Phys.Rev.D76:051105,2007
to leptons, that could explain PAMELA excess. 10—7 L I I

BR(Y(3S) — vy A% ~10°-10° -05 0.0 05

hep-ph:0810.5397 non-—singlet fraction (cosé,)
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Why Y (3S) - yA’ A’ & u'u’

o
V &
a= u E

1.!( ATOIRE
((L ERATELIR
!JM’I AT RCE

HyperCP

* 3 events with

m,=214.3 MeV/é, interpreted

as coming from a light scalar in decays—>pu*u

Np | ° MW expected negligible ifi, is a conventional b state.

« CLEO has set limits on
Y(1S)>yA(ptp)~4. 10°

for m(A%<2m(r)

PRL 94, 021801 (2005)
hep-ex/0501014

dig ol FRTL' S0l

PRL 101, 151802 (2008)

Integrated Luminosity [fb™)

M yus/T vs) ~103 (greater sensitivity to rare decays)

» Expected sensitivity fo¥ (3S)—>yA(utu)~10°

Bgﬁar

PEP |l Dhedbearai® L s

- ExSar Roooedod Lumirdasly

Bafar Racomdad Yide) 0T8T

BBl Roooedod ) 3s.| -:lzzl
BxBE Rait |""'|';‘ -I-i

¢l Paak Lumings

=~

cesily r:z H.?":- - ; f.f; b
.--"f 4 i

NI

108 decays-
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LNl

Signal & Bkg PDFs AT

« Signal m; PDF from simulated signal events generated at many different mass points
 PDF shape parameters interpolated between mass poi \/m " amz
« Simulation results calibrated using charmonium Iganknd<

mg=mass reduced

* Background mg PDF determined from fit to Y(4S) data
* Bkg dominated bye'e - yu '~ eitfrom continuum or ISRI/¢,¢(2S),Y (1S)

Signal PDF Background PDF
B aatat W 4 bt ighaiidy 8 2T % 3
3 Yt = 3 » fet
o j:_ R T +*| T e __| C\}?mﬁtz |+ f f f }-_T_-__-
§ mg_ . Sum of two Crystal Ball _; S st =
=2 o N functions with low/high tails = moE
=~ 2500 — 1S4 (shown for signalat ﬁ s00F 17
L am= §’ HyperCPmass) & — ; E
D ok 1 = F =
G “F ° E 3 ot threshold | Y(4S) data L
e Srolated El function |  polynomial function 3
soof- sgnal events| - woE- ¢ tanh(poly(mg)); poly(mg) =
it =) ' o 007 5% 0 S E—T o L S
2
m, (GeV/c?) m_ (GeV/c?)
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Results:

* No significant signal found
« Upper limits (90% CL) range:
(0.25-5.2) 16
(0.25-4.7) 16, m<2mf)

BF UL 190% C.L. (10 )

A/

J vy
veto—>

_I__I\\higlh\ull_l\lll—l'—l_rlll\ll

BABAR

y(2S) veto

\\IIIIII\III\III‘I_

Preliminary

low UL
L 111 | L1 11 L 111 | 18] 101 | L 111 | L 111 | L 111 | I | I ‘ |
: 0
* HyperCP mass reglonmnzo.214 GeV/e): : 1 2 32mc4 > 6 7 8 9
0.43 Higgs mass (GeV)

BF = (0.125741 £0.17) x 19 L _
ERLPPLY. X INNINCINTTAFUE I8 L IEPOP R

BF < 0.8x 10°(90% CL) S TERE T LR A SRS
P ATy e

— - y7df = 41.5/35 .

* 1, Mass region : 7, 1400 = E‘;‘iﬁéﬁ o
© 12003 -

BF(Y(3S)— yn,) x BF(n, — u*w) = %”"“’i‘ ee—-1x Y1 — : _i
(0.2+3.0+0.9)x 10 N - : 1 -

g [| Y39 - 1(2P) TS 43

BF(n, — unw) < 0.8% (90% CL) 2 S0 v, (2P) >y Y(S) | 4 =
400 — —sz/\ F ] =

200 — b 435 e 9.45’ o5 955 3
Y S S VT YT

m, (GeV)
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tanf=10, u=150 GeV,

10_3 LI L | rriri I LI I LI E
X R M(A%)<2M (1)
i 2M(1)<M(A%<7.5 GeV
10—4 —
3 8.8 GeV<M(AY)<9.2 GeV

* For M (A9<2M (t) much of the parameter
space is excluded.

o If 2M(1)<M (A%< Y (3S), morerelevant
“'-"-';'-"-"1' to observe tau and hadronic decay modes (ongoing)

-05 0.0 0.5

¥

non-singlet fraction (cos6,)
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Why

+ + + + LABOR : 2
T (BS) - €7 ' ’ ‘U T "

SM Diagrams

beyond SM Diagrams

b

SM (m, #0)
b

b | ; bw—| b T.—
vz gavy W Yo~ |50
i ) ; M < 1Ry SUSY loop 1
minimal SN forbidden Neutrinos %, _} <
DM< b_/ Iu.f;rll_ll t‘ | _ll
| b b : |
b | \\ 7

o Wi b B
2 1Y ammyreo® o b |
V! unobservable SUSY loop 2 AL 49 %Dmpﬂﬁi’[em&ss
W i b— g— b I

Heavy Z'
Anomalous Z _

|
/! ;
J\M< L leptoquarks
=l : ||

» Charged Flavor Lepton Violation(CFLV) M sector relatively untouched despite many
beyond Standard Model mechanisms for CLFY idecays

*New physics in Higgs sector couples preferentialeavy flavors
« Current limit is ~2x107°

Y -l T can be related to — 3| by re-ordering
input-output lines

for theY (—ur) channel .-

hep-ph/0004153

: | .
:
>Q’No< c§< .
= T
& T |

Joao Firmino da Costa
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LABORATOIRE
DE L'ACCELERATELIR
LN EATRE

e 4 channels: Process T Decay Channel
Y(3S)—et | T—uvv leptonic et
hadronic et

Y(3S)—et

Primary discriminant variablg:
X = pJEg for Y(3S)—er channels
X = p/Eg for Y(3S)—pr channels

MC Only

=

Events/0.005
% Li

Signal (hadroniqut)
Continuunmrc*t
Resonan¥ — t*t
Continuump™*

-
=

TV nly

 Signal Y(3S)—et/pt Production
-x distribution peaked at 0.97

e Main irreducible background from t-pair events
-x distribution follows smooth Michel spectrum
truncating at x~0.97

» Peaking backgrounds:
- et channels:BhaBha events
- ut channels: p-pair events
- X distribution has smooth threshold component
truncating at x~1+Gaussian peaked at x~1

* Strategy: unbinned extended maximum likelihood fit to
x distribution

Joao Firmino da Costa
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¥ RESULTS coc
Combined T(BS)—>E’E Cnmblned T(BS)—mT
= t N -
S 1 i siat unly S 1 P stat unly
% 08¢ Freimbry stat+syst - %“-ﬂr Prelimi‘-:-iarr \ stat+syst
= ogf 1 =ost Es

o
B

F
[l
T T T

ot ';ﬂ 0 a2 AAEJ"_U & 8
BF(Y(3S)—et) (x10°) BF(Y(3S)—ut) (x109)
BF(Y(3S) - er) <50x10° BF(Y(3S) - ut) < 41x10°
(first upper limit) (>4 times lower than previouspgy
limit)
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Nl
? Improved search for — 3l(I = e, i)

 Finding Charged Lepton Flavor Violation.

* Some models predict BR up to present B-factoeesisivity

Framewaork Model BR

BSM SM + 1'ig]?1 heavy I‘v‘Iah]‘uralna v < 100%
SM + left-right neutral isosinglets ~ 1078

MSSM + right heavy Majorana v ~ 1077

left-right SUSY ~ 10710

e SUSY + 11&}&1.'::11 Higgs 10-19— _l"U""

SUSY + Higgs triplet ~ 107!

MSSM + universal soft SUSY breaking ~ 1079

MSSM + non-universal soft SUSY breaking ~ 1076

Other Technicolor ~107°

» This measurement is complementaryte»ly since depending on the
NP model for LFV the ratio BR(-3l) /BR(t—ly) can vary from O(18) to O(10).

10
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Channel BABAR Belle
ete—et | 4.3 x 107% | 3.6 x 10~

. : . ete put | 8.0x107% | 2.7 x 10~
Existing measurement before the improved limits et | 5.8 % 105 | 2.0 x 10-8

we report here et it | 5.6 x 1078 | 4.1 x 10-*
e~ptut | 3.7 x107% | 2.3 x 1078
prppt

53x107% | 3.2 x 10~%
376 fbl 535 fbl

Innovations for this analysis: Six channels studied:
T > eee
 Total BaBarY(4S) (472 f — 4.3 x 16  pairs) Topnee
T oepne
* Much improved particle identification T Dppte
and tracking, e. qugIeu eff. 66% > 77% TTope
T D WP

Single d. eff. 89% > 91%
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¥

STRATEGY

 Signature is a set of 3 charged tragkg) (no neutrinos) with inv. mass & E equakto

e Tagt decays in 1-prong mode

 Selection criteria is optimized separately

for each channel

AM =M (£00) =M o (T)
AE = ES™(£0¢0) =[5 /2

T e u U,
« Blinded signal region3B) R : <
- Estimate background using sideband dat 2 o Q’r& |
stimate background using sideband data @ Q;, é\é\
(0 -0.2-
» Unblind and estimate signal yield < gl
‘ . SB ]
-0.6 d ;
| = | s | | | !
0.4 -0.2 0 0.2
AM (GeV/c?)
12
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SIGNAL & BKG simulations Z £

(Example efeu*)

0.4

AE

0.2

04 bl )

AE

0.2
£.4

0.8

Joao

L8 & 04

$6 05 04 L3 L2 L1 L4 04 02 03 04

43 02 01 0 o1 02
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R ES U LTS (preliminary)

L

I)\.!(I\\T{}J’i\[
!J‘\l’[ AERE

+

L Taeee_ r;pee-_ T'a.u'ee'_-
o : . + N 1 Ry "
_Olz%&’g ({\\Q@AH K %2@0’& ﬁ Sk '%(2\6\\(@& n . = data
< ) . Q : + Q = 1
R a7 : 7 % = B ® MC signal
< P e e T :.=':'=.: -
L Teeuuy v-¢€ u*.u 1 - W u* )
T o5 & bis OB T 4 & ﬂ i
‘bfiw ﬂ 19 n O ‘°\° 5
i N LA R S U
" "BABar | Am@ev®
472 ol 376 fbl 535 fbt
NEW! PREVIOUS
Channel | Efficiency (%) Nigd Expected UL | Ngps UL BABAR Belle
ete e™ 8.6 +0.2 0.12+0.02 | 3.4 x 1073 0 2.9 x 1073 4.3 x 107 | 3.6 x 1075
€+€_,u+ 8.8+ 0.5 0.64+0.19 | 3.7 x 1075 0 2.2 % 105 8.0 x 107% | 2.7 x 1073
etetu™ 12.6 0.7 0.344+0.12 | 2.2 x 1073 0 1.8 x 1075 5.8 x 107% | 2.0 x 107°
et 6.4+04 0.544+0.14 | 4.6 x 107° 0 3.2x 1075] 5.6 x 1078 | 4.1 x 10—*®
e ,u+,u+ 10.2 4+ 0.6 0.03+0.02 | 2.8 x 10— 0 2.6 x 105 3.7x 1073 | 2.3 x 1078
prp 6.6 + 0.6 0.44+0.17 | 4.0 x 1073 0 33x 10 5] 5.3x 1078 | 3.2 x 10~




Lﬁsﬁt

CONCLUSIONS

b

Y@3S) - yA A - u'u

No significant Y(3S) — yA% A% — pp signal observed
Conference note at ar Xiv:0902.2176 [hep-ex]
Upper limits (90% CL) range from (0.25-5.2) x 10°®
No significant signal at Hyper CP mass (di-muon threshold)
BF( Y(3S)—yA° (m,,=214 Mev/c?)) < 0.8 x 10 (90% CL)
No evidence of n,—p*p” decays
BR(n,—ptp’) <0.8% (90% CL)

Y@3S) - et',u*t

No charged LFV observed
BR(Y(3S) — et t9) < 5X10°  (90% CL)
BR(Y(3S) — et %) < 41x10° (90% CL)
ar Xiv:0812.1021[ hep-ex]

T - 3 (| =g Iu) Results are not background limited, great opportunities for SuperB factories

No charged LFV observed in the 6 analysed channels
BR(r— 3))< (1.8—3.3)x10™° (90%CL) depending on thechanne  (preliminary results)
Significant improvement from previous BaBar analysis

15
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LABORATOIRE
DE DTACCELERATELIR
LN E AT RE

BACK-UP SLIDES

16
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BACK-UP SLIDES Y(3S)— ...
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i >2.1_'],00||||||||||||||||||||||||||||||||||||||||
L 2200 One muon identified
= |
M ass Scan = 2000

Both muons identified
1800 Y(1S) —
£ 1600 PB{IBAR
Lo relimimnary
* M(A% mass scan over ~2000 7 1400 J/psi
points 1200
1000

/ Y(3S) Data

—2M(m) < M(AY) < 9.3 GeV 200
« Signal yield from ML fit  in 600

~300 MeV Ik bins 400
» To suppresp® background, 200 LT
require two identified muonsfor % | 2 3 4 5 6 7 8 9
M(A0) < 1.05 GeV m,, (GeV)
— Muon mis-id as pion ~ 5% :
- BABAR
102 Preliminary ‘ si 1.003 £0.010

 Signal significances from
mass fits on 78.5 fbY(4S)
data control sample are /
Gaussian distributed with no
significant outliers

-
o
HII‘

Y(4S) Data

\2log(L /L)

18
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i@“‘ Systematics & Significance tt

— » PDF systematics  Signal significance distribution S
—+ 1 sigma PDF parameter variations (Stat+sys) Inf (3S) data shows no

— Signal width correction significant outliers
« calibrated from J/psi data/MC — No excess signal events observed at

: : : HyperCP mass ~214 MeV
— Peaking background mean, width, tai — Most significant upward fluctuations

* Fit bias g~ 0.02 x 10 (~30) at 4.94 GeV and 0.426 GeV
« Efficiency corrections ~ 2-10% — ~80% probability to see one &3
* Y(3S) counting ~ 1% result for number of points here
_ Entries 1951
& [ BARARRRRARRNSERERSERMNRARAN RARRRRRR IS BABAR Mean ~ -0.04447
— . N RMS 1.035
% 1. 8E Total Uncertainty 1 810 Preliminary f /ndf 35.69/30
> 1'6:_ " Statistical Uncertainty E é = S f.algs
£ 14 4@ [
g C . (S Systematic Uncertainty 3 =
o 1.2 3
5 1|\ BABAR 3 loF
[ C Preliminary ] -
m 0.8— c -
0.6 L E -
04— |, J/psi < 25) vet 3 1E
02— Kig, Vo e I
= ﬁﬁ#%mmkﬂmw%w&wmﬂmwkw 7#* ] e i T T TR T e
0 9 ; e r :
m,, (GeV) sign(N ;. )* | 2lo g(I:niaX /L)
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? Y(3S)— vyA?, A® — invisible

e Dominant A decay mode may be
Invisible, e.g. to neutralino LSP pair

* Fit for missing mass in events with
a high-energy photon with energy
consistent with 0 < M(8 < 7.8 GeV

* No significant signal seen anywhere,
limits similar to di-muon results

L.(10 %

BFUL 80%C

| Preliminary

- B4B4R

TTTTTT Stat errors only
Stat & Syst errors

Joao Firmino da Costa
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Y(B S) — Y A O, AO — 1nvi SiblC i

M(A%)<2M(7) _g tanf=10, u=150 GeV,
2M(T)<M(Aﬂ)<?5 Gev 10 él | L I LI I L L I LI L

7.5 GeV<M(A%<8.8 GeV - o 1

8.8 GeV<M(A%<9.2 GeV I - e .I_ _

10—7 IIIIIIII.IIIIIIIII

-05 0.0 0.5

non-singlet fraction (cos6,)
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? Experimental Limits:

0.36 < M (A% < 0.8 GeV (Axion Model Mass Range)

10_3 Ellllllllllllllllls
o E E Axion Model
g - 4 BFRange
1 -5 = == = e e = = = —= = e = -
& 1070 5
m LERERRERRERRRRRRRRFRERER]
m I l i
High UL
—6
100 pm e e = =V = -
10_7 III;O\lNlIJLIIIIIIIIIIII
-05 0.0 0.5

10~3

10— 4

A%—invisible

EEEEEEEDR EEEEEEEEEEEEDR
l Upper Limit

-05 0.0 0.5

Joao Firmino da Costa
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LABORATOIRE
DE L'ACCELERATELIR
LN EATRE

CLFV T decays— 4-fermion interaction with NP coupling constant and mass scale:
b>< =g, al. BF(Y(35) = fr) 2¢id° =gl
Ay BF(T(3S) — £L) (Myss))* LK
ay, = b quark charge
o = fine structure constant
assumes vector coupling

Silagadze Phys. Scripta 64.128
Black et al. PRD 66.053002

Likelihood

Assume strong coupling
Olgr= O HT=1:

Aer> 1.4 TeV
Ay> 1.5 TeV

23
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BACK-UP SLIDES TAU -> 3|

24
Joao Firmino da Costa Rencontres de Moriond EW ‘09



-
ey |
LABORATOIRE
DE L'ACCELERATEUR
LN E AT RE

Different models predict very different ratios Wwetn branching ratios of
1—ly andt—3l.

*This however will only be an acute test with ireged sensitivity from experiments (SuperB?)

ratio LHT | MSSM (dipole) | MSSM (Higes)

10423 ~1:107° o107

L-T{r;;.t:;i:;r_} 04 923 ~ 21073 0.06...0.1
Blr e s i) 103,16 ~2010°8 0.02...0.04
Brsree) 103...16| ~1:10°2 ~1:1073

BT o efe) | o e -

Blanke et al., hep-ph/0702136
SuperB CDR, arXiv:0709.0451
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BACKGROUNDS & SYST.

Breakdown of expected backgrounds in signal box and GS

ETETET ere M ere i TR A e T T
G5 5B | G5 sB Gs SB | G5 5B | GS 5B | G8 5B
wd g 206 009 (382 018 | 11.3 024 (129 015 1.7 0.02 )| 457 043
QED 52 003 | 151 046 | 296 004 | 254 032 | 0 0 0 0
TT 0 0 13.3 0002 | 10.7 006 | 5.2 007|559 001 ] 141 0.01
TOTAL | 348 0.12 | 666 064 | 516 034 | 465 0354 |76 003|598 044
eTe—et etepuT etetu ptpet ptptes ptppt
Uncertainties on Signal Selection Efficiency
Mc Statistics 0.63 0.44 0.55 0.83 0.59 0.48
Tau BF 0.7 0.7 0.7 0.7 0.7 0.7
PID (3-prong) 1.8 43 4.2 5.7 6.1 7.8
PID (1-prong) 0.9 32 32 0.9 0.9 32
Tracking efficiency 0.6 0.6 0.6 0.6 0.6 0.6
Total Uncertainty 2.3 54 5.5 5.9 6.3 8.5
Uncertainties on Background Estimation
GS fluctuations 16.9 132 18.5 14.7 333 14.
Fit to MC 10.2 264 16.7 12.6 42.8 313
Fit to Data 7.6 6.4 249 16.3 432 14.8
Total Uncertainty 21.1 30.2 352 253 69.3 38.6

Joao Firmino da Costa
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"1 STRATEGY II

« Goalis to put the lowest UL on Br-lll)
obs
BU _f(N bgd’gsg’N )

obtained using Cousins and Highland method with Barlowemgntation

» Selection was optimized to obtain the best expedigper Limit

(0]

Bt =D, P(n, Ny ) By (NN 1 €45 )

n=0

— Each cut value (including SB dimensions) was chogerabying their
values with all the other variables fixed, and usghmgyvalue giving the
best expected UL
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