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» With the full dataset available,
BaBar has entered in the so-

Unitary Triangle: angles and
sides
» Over-constrain the UT — Look

for small deviations as a sign of

New Physics (NP)

» Search for rare B decays —
Impose constraint on NP
(complementary to LHC)

» Exploit world largest Y(2S) and
Y(3S) dataset

» Already successfully used —
n, discovery in 2008
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In this talk:

B— v

Search for light Higgs:

A’ = uy,

A’ — 1T,

A° — invisible

Search for CLFV in Y decays
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? B — & Theoretical Overview

P SM prediction: Using f =200+20 MeV, IV 1=(3.67+0.21)-10°

2 2 2
GFmBmT[] _ mz7)?

b Ve

BB —7ty)= e m%] 78+ 5| Vs |?

From UT fit: UTfit Coll., arXiv:0908.3470lhep-phl W H'
BB TV -(0.84= 01D x 10" o

» BF for channels with lighter leptons suppressed by (mg/mt)2

» Charged Higgs can mediate the annihilation

2
BR(B—1v),, m?
r, = “ ~|1—tan’B —2 | W.S. Hou, Phys. Rev. D48, 2342 (1993)
BR(B — 1v)g, T my
modulo SUSY loop corrections, ~0 in II-2HDM G.lSidOfi Gnd P.PGI‘GdiSi, PhYS. Lett. B639, 499

» With LFV, enhancements of factor 05102-103! for u-e w.r.t SM
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i‘ﬁ B — e,u v Inclusive Analysis

Phys. Rev. D79: 091101 (2009)
468 million BB pairs

B Bsig: highest momentum lepton (tight particle
|ID) + missing energy
B Btag: extra tracks and neutrals

» Background suppression:
Btag AE and transverse momentum, Fisher (qq

background)
Main background left: qq, B — X ¢ v, Xh with

misidentified h, yy events for the e-channel
» Yield extraction:
- — Brest
2-d fit to Btag m_, andp_ = a+ap.,*ap,
, B—ev B—pv
:Vlo_?t ?trlggtent i 4.70.3)% | (6.10.2%
VIHEASS SIS N, 18+18 1+17
ULgge 1.9x106 [ 1.0x106
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b Bsig: highest momentum lepton, ¢ = e,u,t ArXiv: 0912.2453 [hep-ex]

(t decays in lepton and hadronic modes) AN Y(:43)
b Btag: B - D(*)é’v, é = e:!"’

B — & with SL tags

O >

» Background suppression:
PDFs of event shape and kinematical variables combined
in 2 likelihood ratios for qq and BB bkg suppression

» Yield extraction:

Cut and Count on Eextra

Mode Nbc';“'t“' Noga Branching
fraction (x10™%)
TV - eTr.r, | 81 £ 12 | 121 (3.6 = 1.4)
™+ — pty, v, |135 + 13| 148 185
vt > pto, | 59+9 | 71 . Ml
+ — 7tD, (234 £+ 19| 243 ae =
BT S 7Ty, [509 +£30[583| (1.7£08+0.2) | & g ]
BT >uv, | 18£8 | 12 (<011 (90% CL)| 5 i LT LT SOOI
BT —wetve |24 11| 17 |[<0.08 (90% C.L.)| = 00 05 ](
- Eg,.., (GEV)
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» Some tension with SM (~ 20), but large uncertainty in SM prediction
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-?u; CLFV in Y Decays

» Charged Lepton Flavor Violation (CLFV): an unambiguous signature
of new physics
Unobservably small in the Standard Model
Sensitivity to multi-TeV mass scales far beyond the reach of direct
searches
Many BSM mechanisms for LFV Y(nS) decays: SUSY, Z',

» [eptoquarks, generic contact interaction
» Complementary to the LHC
Relation to LFV tau decays
4 Re-ordering of e 4
T incoming/outgoing
( particles Y
4 e k
- B{T 7 "‘”) r{“ 7 '{”}2 / 6 S.Nussinov, et. al.
B =)~ Bl =ty TOT(Y = ) /M) pro s, oreooa oo

B(r = 0ll)<2—-4x10"% = B(Y—=/I(r)<3-6x10""°
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Analysis Overview '~/

ArXiv: 1001.1883 [hep-ex]

» Search for e'e” — Y(2S,3S) — ut/et 3
P Select T decays to one charged track and , |
additional '’ (p,a, ) new physics

» Lepton (e,u) has nearly full beam energy
and t decay with missing energy in the
other hemisphere, T decay with same flavor
lepton or a single = vetoed to reduce QED

£ =g

o

background 3 10° Monte Carlo Only -
. o ' g
» Major backgrounds from Y(2S,3S) —» tt, o Signal
BhaBha, u and t-pair production % - BF set |
>
L

» Extract signal by fitting lepton to 10°

momentum/beam energy Signal (hadronic )

Continuum 't
Resonant Y—-1't
Continuum p'p

10
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Fit Results

leptonic Y (2S)— et (x¥/ndf=53.2/49) leptonic Y (3S)— et (x/ndf=52.4/49) ArXiv: 1001.1883 [hep-ex]
- = 2k =
5 = X= E
a g - 13 . : Sl ol £ Bl plep/ beam
10° Neg=24 =13+ 4
S S
= 2 10 .
& E 1ofu0} Unbinned ML fit
> > . . .
2 o Signal: double sided CB
Bhabha /u pair: Argus
X :
threshold + Gaussian
hadronic Y (3S)— et (x°/ndf=40.6/49) T pair. 3rd order pOIy ]
- = resolution function
a a
= g
3 2
S S
e @ .
1 0.95 —— _aL —— N——
0.75 0.8 0. 9 095 1
X
leptonic et hadronic er leptonic ut hadronic ur
Y(2S) esrc (%) 5.10 =0.03 +0.10 5.53 £ 0.03 £ 0.16 4.22 +0.03 = 0.11 6.08 £ 0.03 £0.12
Nsia —8+8+3 1941244 —113+8+5 1 =13}
T(35) esic (%) 5.24 £ 0.05 = 0.17 5.56 & 0.05 & 0.12 4.20 £ 0.05 £ 0.06 6.07 £ 0.06 £ 0.10
Nsic 24 +13+4 —61+131+6 -11+10x9 a3l
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i Results/Limits on NP N

P4+

[y - el ]
3B xvanNE

ArXiv: 1001.1883 [hep-ex]

UL @ 90% CL B (10-°) UL (10~°)

B(Y(28) — e*7F) 06715798  <3.2

B(Y(2S) - p*7r7) 02715710 <33
B(Y(38) = e*7F) 18717708 <49

B(Y(35) — pu*r7) —08F13*t14 <31

ol N N
» Constrain NP from measured BF ... Y§2Sg
combined
S
Parameterize CLFV in Y decays as g 2

an effective bbér 4-fermion D1t
Interaction with NP coupling constant !
o and mass scale Aa:

o2 B(X(nS) - ££7F) 2¢20?
A, B@(nS) = £HL7) (My(ns))*

0.5
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BR(Y-yA?)
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-05 0.0 0.5
Non-singlet fraction (cos0,

M, <2m,
2m _<m,,<7.5 GeV
7.5 GeV<m,,<8.8 GeV

8.8 GeV<m, ,<9.2 GeV

PRD76,051105 (2007)
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NMSSM models with light CP-odd Higgs
Solve fine tuning problem in MSSM

CP-odd Higgs A°, below 2m _is not constrained
by LEP

Large BR for Y — yA° possible

Dark Matter Axion portal
Nomura, Thaler, PRD79, 075008 (2009)
and others

Predict 8(Y — yA°) ~107°-107° with
m,~ 400-800 MeV
Mixing nb-AO could lead to big enhancements

Interesting to look in n_region

P> Recently discovered state (BaBar, 2008)
» Leptonic Branching Ratio is expected to be

small if n_is a meson
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Eﬂ%

./Searches for a light Higgs in Babar _\¢ B ?

€- Results from CLEO on
BF(Y(1S)—yA°) x BF(A°—I'T")

T
(a) mp

7 2my

e+

10

90% UL on BF(Y(1S)->yA%) BF(A’—I'l')

» Well-understood initial state (narrow Y(2S) or
Y(3S) resonance)

» Fully or partially reconstructed final state, Upper limits @ 90% CL
depending on the decay pattern of A° A’>p'w 105~105 m,, 0.2 ~3.57 GeV

» Key experimental signature:
monochromatic photon in the
Center-of-Mass (CM) frame

4500 5500 6500 7500 BS00 8500

A’-»tt 105~10* m,, 4.0~9.5GeV

A’—invisible 105~10° m,, 0 ~ 8.4 GeV
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N .

g  1125,35) 5 A% A% >

PRL103, 081803 (2009)

» Fully-reconstructed final state:
2 charged tracks, 1 photon
( E*Y > (0.2 GeV), 1 or 2 muons identified

» Loose kinematic selection requires
consistency with CMS energy
and momentum
» Backgrounds dominated by (irreducible)
e'e — yu'w and two-body
decays of ISR-produced of
#(1020), p(770), J/W, Y(1S)
» |dentify A° decays by a narrow peak
in u'w invariant mass
(resolution 2-10 MeV)
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? UL: Y(2S,3S) - yA°, A° - uu

BF UL (10°%)

BF UL (10°%)

B UL (10°%)

f

. — NORNS... ... .. . .. . ..o I
8t Exclude regions =l L ‘
1E - H U
6E e around JAp and Y(2S) [~ | |
5? E 10f £ .
4= 5 E i ]
JE 3 : [ .
2E - 3 3 3
0 H— -4-3-2-1012 34 -43-2-101234-43-2-1012 314
5 PRL103, 081803 (2009) | 3 sign(N,,)x\ 2log(L,,. /L)

4 | Bayesian 90% C.L upper limits

3 4 Significant constraints on theoretical models

‘2 3 Rule out Higgs interpretation of

, | HyperCP events (mA°=214 MeV)

oE: | Also limit at 90% C.L.

By, — ptp~) < 0.9%

'0'5_ 3 Combined results for effective Yukawa coupling f.
2 ! B(r(nS) 4% _ f3 (,_ _mho
- B(Y(nS) = I+l-) 2ma mg,(ns)

01 2 3 456 78 9
m,, (GeV) For mA%<1 GeV, this corresponds to f <0.12 fYSM
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» Search for A° signal as a peak in
EY spectrum

» No significant signal; limits on BF
constrain NMSSM parameter
space

David Lopes Pegna

ArXiv:0808.0017 [hep-ex], preliminary

» Select events with a single energetic
photon (E*Y > 2.2 GeV) and nothing

else in the detector

» Dedicated trigger designed for this
kind of analysis

» Backgrounds dominated by e'e” — vy,

e'e” — yyy, Rad BhaBha e'e — e’ey

BABAR (77T Stat errors only
Preliminary Stat @ Syst errors

arXiv:0808.0017
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BFUL 90%C.L.(10 9
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g Y(3S) - yA% A° - 17

» Expect T decays of A’ to be dominant above the t threshold

» Look for A° decays as a narrow peak in the photon energy spectrum
above E*Y > 0.2 GeV

p Leptonic decays for both t: ee, uu, eu

Select events with 2 opposite-charge leptons, one energetic photon,
and large missing energy and mass consistent with T decays

10-26% efficiency depending on EY and final state Bk distribution for £ <2GeV

PRL103, 181801 (2009)

» Backgrounds dominated by e’e” — yt't,
higher order QED processes,
radiative decays in Y(15)

» Fit Procedure:

- Mass range: 0.2 — 4.5 GeV
- Resolution o(Ey) ~ 8-55 MeV

- 3‘5 - x (2P). x,,(2P) = v,Y(1S
. E"W*Wﬁ ,wwww. mw%
- Step size: 0.5 o(E) %

Ml

g YGS) » 3 2P X, “(2P) - v Y[ES
2 A M*Hg

lel Pull

Signal _Y F %

- Crystal-Ball functions

Pull

EM%V%M#MﬁWﬁNmNMNwwwﬁﬁw%h#

['t\

“‘ (GeV)
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90% C.L.Upper Limit  B(Y(3S)—y A”) x B(A’—>vr) x 10

0.1 P Simultaneous fits (binned

ML) to the
different Tt-decay modes

=

i
L=
s

e .
= (b) —— Total uncertainty
B

10° R & {\f "2 Bayesian 90% C.L.
0% © 4 upper limits:
o - .3 significant
4 m, (GeV/c) 10 constraints
S 60F T3 on NMSSM
» Scan EY distribution in L parameter space
steps of half S40f Also set a Iimit
resolution (307 scan & | | _ _
points in total) S20} B(mp — 7777) < 8%
B: at 90% C.L. excluded
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NMSSM Predictions for Y — yA°
? Vs BaBar limits

Al—ut AC—t+T
10—3
—~ 104
=
)
= 10—5
s
108
10~7 L
-05 00 05
Non-singlet fraction (cos0,)
2m,<m,<7.5 GeV Also place significant constraints on other
7.5 GeV<m,,<8.8 GeV models
8.8 GeV<m,;<9.2 GeV
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Conclusions

BaBar has entered in the “intense” analysis period and is
successfully carrying on its physics program:

Y(4S): search for rare B decays, constrain NP models

Y (2S, 3S): bottomonium spectroscopy, NP (light Higgs models)
Charm, tau, etc....

Keep tuned for new results at Winter and Summer
conferences!

Complementary approaches to detect New Physics
very effective analogy by Bob Cahn

&/ B physics: LHC: open the Box
. shake the Box, listen real particles k #

\
virtual particles \

-

David Lopes Pegna 20 22 January 2010



Backup Slides



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21

