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Qutline

® BaBar Detector & Dataset

® Direct search for light Higgs and Dark Matter
candidates

® | epton Flavor Violation

® |LFVin T decays
® |FVin Y decays

® [epton Universality
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The BaBar Detector

| ElectroMagnetic
1.5 T solenoid e | o il Calorimeter

Cerenkov Detector \ e* (3.1 GeV)

Drift CHamber

Silicon Vertex Tracker
Instrumented Flux Return
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530 fb-! recorded in the 9-years of operations

~470x10° BB pairs th I ﬁ
/x(Belle + CLEo) Y(35) | 'Not Only BB pairs: |
10.5x(Belle +CLEO) Y(25) | 690M ct pairs ;
SRR 1500M T*T" pairs |
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BaBar

PEP N Defivered Luminosity: 553 48%

- BaBar Recorded Luminasity: 531 4310

BaBar Recorded Y(4s5): 432 85

BaBar Recorded Y(3s): 30.23%

BaBar Recorded Y(25): 14 4510
Off Peak Luminosity: 53.851b
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Search for light Higgs

and Dark Matter
Candidates
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Theoretical Motivations

Higgs mechanism leads to EW breaking

BUT Higgs mass unstable after radiative corrections =

A solution: MSSM with two Higgs doublets
Need Fine tuning of EWV scale
Solution: Higgs singlet (NMSSM) — Mixing of singlet with MSSM Higgs

produces CP-odd A® PRrD 76, 051105(2007)

Another interpretation is A%is an Axion like particle phys.Rev.079:075008,2009

Possible solution for both Dark Matter puzzle AND Higgs sector
Channels studied
Y(3S,2S) = YA AP putu-
BRSNS AT
Y(3S) = YA? AV—invisible
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M(A%)<2M()
2M(T)<M(A°)<7.5 GeV

e . h .00 MNal/
.9V M.A <8.8 GeV

8.8 GeV<M(A%<9.2 GeV
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Signature: PRL 103, 081803 (2009)
e two charged tracks, one identified as [ W ] ves)
* one energetic photon Ey>200MeV

e Kinematic fit of YU vertex

T

Y'(2S) data

BF UL (10°%)

HII|IHI|IIH‘IIII|\III|IIII|III\‘IIII‘HT

Analysis Method:

e Scan MM invariant mass for A peak evidence

* Background shapes taken from data

* Some resonances region excluded from the fit

e Fit in 300 MeV window in 2-5 MeV steps (1951 points)
e Scan range 0.212 GeV < ma®< 9.3 GeV

* Fluctuation observed (max = 3.10) consistent with expected
statistical fluctuations
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Dominant channel in scenarios with light LSP through A%— x°x°
Selection focused on search for monoenergetic peak from photon:
ephoton fiducial and quality requirement
*requires single photon trigger, naturally split in low and high
energy trigger (different bkgs: ee—YY and ee—Y/(ee))
Signal extracted from unbinned maximum likelihood fit to mx? in
steps of 0.1 GeV

B(Y(3S) — vA") x B(A) — invisible
< (0.7 —31) x 107%(90%CL)

- BABAR Stat errors only

| Preliminary Stat @ Syst errors

BF UL 90%C.L. (10 %)
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Signature: .
* Looking for T"=e*VV and T" =" VV Methoa:

* Ey > 100 MeV

e Exactly 2 tracks identified as leptons

e Missing energy precludes kinematic fit —A°
mass obtained from Eyand known CM energy
* Bkg suppression provided by 8 kinematic and
angular variables, optimized in 5 ranges of Ey
*Bkg mostly due to radiative T-pair production

and 2 photons processes
- || PRL 103, 181801 (2009)
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* Scans for peaks in Ey spectrum in the range
4.03 GeV < ma’< 10.10 GeV (307 points)
esignal represented as peaking contribution
of known width
esimultaneous fit to eey, MUY, and ely

=
IIII|I

-

'-Illlld |||1|,|,|,| ||||,|,|,_|j-| L1

60f

=

I
O T T

— Total uncertainty
-+ = Statistical uncertainty only

Entries/0.4

)
T O T T T

Al T
—o v N o TRy W

0% C.L. UpperLimit gy (38)—=y A" = BA"—m = 10
=

._.
=3
o

.::--rm'ri:mm] |||I'I'I'I'|-| T 1

8
m,. (GeV/c)

ICPP-Istanbul alhd Alberto Cervell
20-25 June 201 | BN U L Universita’ di Pisa




no excess signal for Y(3S)—YA? Al—T1*T
UL with 90% CL put

%(T(SS) — ~vAY) x B(A°) — T+7_—)\ 2M(T)<M(A2)<7.5 GeV/c2
7.5<M(A%)<8.8 GeV/c? PRD 81, 075003 (2010)
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Flavor Violation
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SM allows LFV: observed in neutral sector.

In charged sector may happen via loops with
small expected BR (e.g. BRsm(T— Hy)< 10->%).

w

If detected with present datasets, LFV would imply New Physics.
Many New Physics models predict T LFV BR up to present experimental limits.

If detected in more than one channel it providesuseful information on NP flavor structure, by
looking at LFV BF Ratios. [physrevD.76.013004]
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Low multiplicity events selected and event space divided in
two hemispheres using thrust.
Signal side: tracks and neutrals coming from LFV decay

*Tag side: standard 1-prong decay (also 3-prong in T—LY)

Blind analysis performed

Background reduced using PID, kinematical informations,
multivariate algorithms (T— JY) optimization different for
each channel:

*All selection optimized for best UL

Number of expected background events estimated from non
blinded sidebands. UL estimated using frequentist approach
including systematics errors.
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Low multiplicity events selected and event space divided in
two hemispheres using thrust.
Signal side: tracks and neutrals coming from LFV decay

*Tag side: standard 1-prong decay (also 3-prong in T—LY)

Blind analysis performed

Background reduced using PID, kinematical informations,
multivariate algorithms (T— JY) optimization different for
each channel:

*All selection optimized for best UL

Number of expected background events estimated from non
blinded sidebands. UL estimated using frequentist approach
including systematics errors.
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Low multiplicity events selected and event space divided in
two hemispheres using thrust.
Signal side: tracks and neutrals coming from LFV decay

*Tag side: standard 1-prong decay (also 3-prong in T—LY)

Blind analysis performed

Background reduced using PID, kinematical informations,
multivariate algorithms (T— JY) optimization different for
each channel:

*All selection optimized for best UL

Number of expected background events estimated from non
blinded sidebands. UL estimated using frequentist approach
including systematics errors.
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Low multiplicity events selected and event space divided in
two hemispheres using thrust.

Signal side: tracks and neutrals coming from LFV decay
*Tag side: standard 1-prong decay (also 3-prong in T—LY)

Blind analysis performed

Background reduced using PID, kinematical informations,
multivariate algorithms (T— JY) optimization different for
each channel:

*All selection optimized for best UL

Number of expected background events estimated from non
blinded sidebands. UL estimated using frequentist approach
including systematics errors.
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Low multiplicity events selected and event space divided in
two hemispheres using thrust. -
oSignal side: tracks and neutrals coming from LFV decay gy Q=1
*Tag side: standard 1-prong decay (also 3-prong in T HY)

Blind analysis performed emisphere#1
Center ofmass
. . . . . System

selection

Background reduced using PID, kinematical informations,

multivariate algorithms (T— JY) optimization different for

each channel: 3 prong Q=+1

*All selection optimized for best UL selection emisphere#2

Number of expected background events estimated from non
blinded sidebands. UL estimated using frequentist approach
including systematics errors.
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T — gfy7 / — I, € 480M T-pairs

PRL104,021802(2010)
Full BaBar dataset (Y(nS) + off-peak) used
NN used to reduce backgrounds

Both 1-prong and 3-prong tags used

mg. (GeV/c?)

— ety) <3.3x1078
B (7% — pty) < 4.4 x 1078

-

A E (GeV) A E (GeV)

——

A 668, g = [, e 430M T-pairs ; . .‘c —.>Ll*c ‘, .. r—w (,‘,

Phys.Rev.D81:111101,2010

o ——

Systematic uncertainties dominated by PID
Efficiencies 6-13% depending on channel

Channel | Efficiency (%) Nigd Exp. UL | Nose UL
etemet 8.6+ 0.2 0.12+0.02 | 34 x107° 29 x10~%
88+0.5 |064+0.19| 37 %10 22x 10— |
etetu~ 126 0.7 | 034+0.12 | 22107 1.8 % 107% : - ‘
et~ put 6.4+04 | 054014 | 4.6 x 10— 3210~ g o R o Sy s T e e
et | 102406 | 003002 28 %10-F 26 % 10— " BABAR C AM@Gevieh |
ptp=pt 6.6+06 | 0.44+017 | 4.0 x107° 33x107° |} SRS
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Recent Results: BaBar only Belle only BaBar + Belle
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BaBar collected a large sample at Y(3S) and Y
(2S) = good sensitivity to Y(nS)—II’ processes

Four channels studied:
Y(2S) 2 UT, Y(2S)eT
Y(3S) 2 T, Y(3S)eT

*Dominant background events:

Signature: * Bhabha and p-pair (through particle

* | primary lepton mis-ID)
* | T detected through leptonic (e or H) ® T-pairs (e'e'2T'T)
or hadronic (T[i +'|'|'O(+'|'|'O)) decays . Multlple TT and additional Y

Process T decay channel : :
S ottt o *Selection partially common to the 4

T — 757% / 7579 % | hadronic er channels, partially specific (PID, T-

T — eV leptonic ut daughters kinematics)

7 — 757% / 7T 7% %% | hadronic ur
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151802 (2010)

PRL 104,

*Discriminating variable: x = primary lepton momentum / CM beam energy
*Unbinned extended maximum likelihood fit to determine signal and background yields
*PDF chosen for all backgrounds:

esignal (peaks at x = xmax ~0.97) *Bhabha/p-pairs (peaks x~1)
*T-pairs (smooth, end-point at xmax) *hadrons (smooth, end-point at xmax)

leptonic Y(3S)— et (x“/ndf=52.4/49) \
Iy . 11 | . I T ST ITeeqT le
E1E . A

T

BR calculated from signal and bkg yelds

B = Nsra/(esig X Nymns))

Systematics mainly from PDF shapes

choice, errors accounted in UL
B(107°) UL (107%) | Improvement
065 < 3.2 First
D2y < 3.3 x5.5
e =0 First
R0 48 x3.7
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In SM the interactions between gauge bosons and leptons do not depend
on lepton flavor

B(T(18) = £7)

\ ‘“““AU"“

N INtermediate
state or bb continuum

B(Y(1S) — £4) :( T‘\ T

expected to be ~| in SM, except for phase space (Rr,=0.992)

| Int.J.Mod.Phys.A19,2183
In NSSM: deviation from R; comes from the Y (15) — 137, pAS my — £ "0~ | (2004);

0 . 0 0 S0/ | PL B653, 67 (2007);
presence of A% and mediate the decay T(1S5) > Ay, A" — 074 |HEP 0901, 061 (2009)

If photon is not detected lepton pair abscribed to A°
| It can result in a deviation from SM — NP effect

' Effect more evident if the Iepton is a T (4% effect)

\ L Al T e — = —
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Y(IS) tagged with Y(3S)=> 1t 1Y (1S) with Y(IS)= U p/TT
*BF (Y(3S)=> 11 1T-Y(IS)) ~4.5%

*Only 1 prong T decay selected

*Exactly 4 tracks in the final state

No selection on extra photons
Separate selection for Y(IS)— U (£~45%) and
Y(IS)=TT (e~17%)

Bkg classified in light qq, T-pairs, QED events, Y(1S) decays +

Multivariate approach for Y(1S)—TT selection, efficiency and t is either Y or T decay product
signal yields extracted with signal MC
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PDF chosen from data subsample (10%) which is
discarded in final analysis

S

sig: asymm.Gauss with
non-Gauss tails
bkg: constant
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Improvement in precision w.r.t. previous

WCLEO Measurement -Main systematics (up to 2.2%):

] | selection efficiency, muon PID, signal and bkg
Rru(Y(1S) = 1 02 * O 025t +0055y5t ! shape model, peaking background yield,

trigger efficiency

(1) green
PRL 104, 191801 (2010) 008 JHEP 0901, 061 (2009) (2) black

0.07 ) Y(1S) |(1)+(2) red
0.06 : 68%C.L. [[ne0]=5 MeV -

= 0.05 Xg=cos¥atanf=12
No significant difference w.r.t. SM expectation. 004 | M[ns] as measured by BABAR

. PRLIOI,071801 (2008
0.03 (2009

0.02
0.01

Exclusion of M(A%) < 9GeV @90% CL

s
_!.._-_u.-.n...n_n_t!_f_!.ot.ﬁlpooo ooooo oo.. Q~:.-.“

9 91 92 93 94 95 96
M(A%) GeV/c?
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B-Factories have proven to be versatile machines for the search for new
physics in over a decade

New physics may be looked for through different processes ranging from B
physics, T decays and Y(nS) decays

Thanks to the high luminosity achieved and the constant development of new
analysis tecniques results have greatly improved over the years

Many bounds on NP models parameters were set thanks to B-Factories

Many new results were presented in the last year and many more are incoming
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