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ﬂ%» Outline

1l Searches for Charged Lepton Flavor
Violation
* Y(2S,3S) - It (I=e,u)
* toly
* 13l (I=e,u)

1l Test of Lepton Universality
© Y(1S)—YA?, A0 [
* Y(1S)—>m, (1S), n, YA I

4 And just for the sake of completeness

e Searches for Higgs and Dark Matter
* Y(2S,3S)—>YA°, Al—uru-
* Y(3S)—>YA? A’—>11T
* Y(3S)—>YA? A% invisible
* Y(3S)->nmnY(1S), Y(1S)—invisible
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BaBar Data
J1/BaBar datasets:

» Y(4S). 470 x 10°¢ decays (430 fb?)

Offpeak sample of 44.8fb*!
collected ~40MeV below the Y(4S)

» Y(3S): 122 x 10° decays (28.5 fb?)
» Y(2S): 99 x 10¢ decays (14.4 fb?)

offpeak samples of 1.4fb* and 2.4fb*
collected ~30 MeV below the Y(2S) and Y(3S)

» Rare BFs at Y(nS),_, ,, enhanced
by (Y (4S))/T'(Y(nS)) = O(10%)
JIA B-Factory is also a Flavor Factory

7 Ogs ~ 1.05nD Y (nS) resonances
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ﬁp Lepton Flavor Violation

JiStandard Model
» m#0 - Neutral LFV is allowed
» Charged LFV is suppressed at tree level by a factor ((Am,2)/M,,2)? ~O(10-48)
Experimentally unobservable
JIMany mechanisms beyond the SM

» CLFV enhanced up to experimental sensitivity
Its observation would be an unambiguous sign of New Physics

JiLarge Y(2S), Y(3S) datasets offer significant improvement w.r.t.
previous ULs: BF(Y(2S/3S)—ut) = O(10°%)

T VooV W
» CLEO PRL 101, 201601 2008 retXtE
: W
JILFV searched in LN
f‘/,/‘ 4
» Y(nS)-lt << - 7{ ;
s IN. zZ I - T
we i 2
& T%(E/H)'Y ﬁ/{/}*\;u’\a"”<{ vi| & dW\m<
T . & — v £+
» 13l J
SUSY Loop 1 ‘ 2™ Higgs Doublet Leptoquarks
. | bD&T’/ i I b ; ' I b :
Wi K vzl VL
YZ A% b (i | N— 1 b : \
1 SUSY Loop 2 \ p_Z/AnomalousZ . G{ﬁaw \‘
\'% vZ L7 77
b : I Al
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Y(25,3S)—)|T (|=e'“) RRRRRRRRRRRRRRRRRRRRRRR .

PRL 104, 151802 2010

JiSearch for ete— —Y(2S,3S)—ut/et

JiSelect T decays to one charged track and
additional ©°'s (p,a,)

JiLepton (e/p ) has nearly the full beam
energy and the 1 decays with missing energy
In the other hemisphere

JiLepton identification:
» misid: 10-(l—>x) to 10¢ (u—e)

Process Tt Decay Channel

Y(3S)—et | tTouvy leptonic et

Y(3S)—et | 1 n’v/mn'n’v | hadronic et
(39) T—EVV leptonic ut
(3S) T>TRV/TT'T’y  hadronic pt




J/Extract signal by fitting hadronic Y'(3S)— et (x*/ndf=40.6/49)
discriminating variable:

+ CM lepton momentum / beam
energy

JiGlobal PDF

~ Signal: Gaussian core + non
Gaussian tails

~ tpair bkg: poly 00 Gaussian
detector resolution function

+» Bhabhalp pair bkg: Gaussian +
threshold function (ARGUS)

» mhadron bkg B (107°) UL (107°)
JdiPerform Bayesian likelihood B(T (25 < 3.2 First!

6
technique to extract 90% CL upper T8 fL0 33 %37
7

( ) )
limits O(10°) on CLFV Y decay ( ) ) _ .
BEs B(Y(3S) — efrF) 1817405 4o Frstl
( ) )

—08tiIlt <31 X0.5

NON
——
H
s
——
]
—
H
—
e
——
——
e
—
—H
——

Events/0.005

— ,uiT:F

— ,ui’r:':

JiSignal yields consistent with zero  B(Y'(35
within 1.8c

Improvement
BEACH 2010 - Perugia, June 2010 C. Cartaro factor 6



>

Y(2S5,35)-It(I=e,})

oF  BF(Y(3S)>h)

JICLFV Y decays: contact interaction with
NP coupling constant and mass scale

Ol / A|2’C

2qb062

=Ew o Af BRI(ES)-sl)

N

Y(2S) only

-
— o

mass scale A4, (TeV)

I
_ Combined BaBar

o
-

-’

Y(3S) only =

Excluded 90%CL

(My(ns)*

N
3

I
Combined BaBar
- Y(2S) only

-
- N N

mass scale  Ayr (T€V)

| |
0.5 1 1.5 2

coupling constant Olg,

BEACH 2010 - Perugia, June 2010

Excluded 90%CL

| |
0.5 1 1.5 2
coupling constant Oﬂpr

Silagadze Phys. Scripta 64.128 & Black et al. PRD 66.053002
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'ﬁ el Ary
.. T_>( e/ M)’Y PRL104, 021802 (2010)

-__ilReconstructed ee—1t events divided in two hemispheres
-__AJSignaI side
> M(=y)~Mr .
» E(y) o ~Vs/2
» One y with E(y).,,>1GeV
» One track with p,,<0.77Vs/2 identified as e or p

nr
s
. '/
.. tag side .

N » yand | back-to-back in t-rest frame | Cen;(; o mass
' ilTag side / 1o system ‘\
» Standard 1-prong or 3-prong decay Y
» 4 tags, different selections for each tag
» Optimized for best UL
-__ilBackgrounds
» t-pairs (irreducible), e+e-y/u+u-y hadronic t decays with & mis-id

L

BEACH 2010 - Perugia, June 2010 C. Cartaro 8
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mgc (GeV/c?)

—h
B e Tt
oL, 7 [t
UI":'_- SR P 2 Y

Signal efficiency: 4% for t—ey

and 6% for T—uy

. - ey_
0.5

A E (GeV)

mg. (GeV/c?)

—HK Y

0.5
AE (GeV) 0

t—(e/n)y

"alSignal extraction
» AE = E(lY)gy, — Vs/2
» mc. beam energy constrained T mass

"alExpected background extracted
from fits to the fit box

"alNumber of events in the 2sigma
region compatible with background
expectations

"alUpper limits @90% CL
» BR(t—ey) < 3.3 x 108
» BR(t—Wy) < 4.4 x 108
Previous:

1.1 x 107 (BABAR, PRL96, 041801 (2006))
4.5 x 108 (Belle, PL B666, 16 (2008))

C. Cartaro 9



ﬁ el ARy
-- T =>3 l e pto n S arXiv:1002.4550 (sub. PRD-RC)

"'alSearch for six signal channels

yToeete propue
yTopee Frope ) A
> T_%e_we- > T‘%WWM_ ‘\ tag side :',"/1'-prong

-__ilRequire 4 charged tracks in the event decay

-__AJSignaI side

» 3 charged particles identified signal side / L
e or 0 with M(3l)~M. and E(3I)~Vs/2 _ Centergf mass

- Tsi
‘% °  system ‘.
I *e

-__ilTag side

» Look for 1-prong T decays
-__AJUse PID to reject

» ggbar events

» Bhabhaand p p pairs

» Standard T T decays

" alother selection criteria are channel dependent

BEACH 2010 - Perugia, June 2010 C. Cartaro 10
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['*-_J g! A- )
Toeete T oputee | | JISignal extraction
D w1 + » AE = E(3l)gy, — Vs/2
o2k | ﬁ ) I - ﬁ - AMEC =Mg. - M,
I i . _ Jlimproved since last result
0 1T | | - # PRL95, 251803 (2007)
ol Tope'e | T—e" Wi | I JiNot too bad wrt Belle analysis using factor
O AR N | 1.7 more statistics
S | ﬂ o1 ﬁ » Phys.Lett.B687:139-143,2010
A Haet 1 : Channel UL@90%CL (10%)
AR RN | _ BaBar BELLE
| 'J:I' s Ie' [J-J’I P— Tow H~+ U e-ete- 2,9 2,7
1 . ’ ' . . p-ete- 2,2 1,8
o2}k ' ﬂ - n EY e-p+e- 1’8 1,5
oaf ' p-pte- 3,2 2,7
08 + p-etp- 2,6 1,7
| U I I R PR I PR |
0.4 0.2 o 0.2 -0.4 -0.2 ] 0.2 ll-ll'l'll- 3,3 2’1
AM, (GeVic?)
e-ete- 2,9 2,7
Signal efficiency between 6-13% varying with the channel . = 13
BEACH 2010 - Perugia, June 2010 C.Cartaro b= ’ ’ 11
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Test of Lepton Universality

J/In the SM couplings between gauge bosons and leptons are
iIndependent of lepton flavor

JISM expectation for R, = BR(Y(1S)—I')/BR(Y(1S)—-I"I") is ~1
» except for small lepton-mass effects, R ~0.992

JINMSSM: deviations of R, from SM expectation are possible in the
hypothesis of existence of a light pseudo-scalar Higgs boson A°

# Y(1S)—>yA°, AS—ll
2 Y(1S)-m,(1S)y, n,—>YAIT

J/If the photon is undetected the leptons would be associated to the Y(1S)
+~ Apparent LU violation, effect greater in T channel (4%)

4lIf the photon is detected, then search for a peak in the E, distribution

JIPrevious result: R_(Y(1S)) = 1.02+ 0.02(stat)*+ 0.05(syst)
» CLEO PRL 98,052002 2007

Int.J.Mod.Phys. A19, 2183 (2004);
PL B653, 67 (2007);
JHEP 0901, 061 (2009)

BEACH 2010 - Perugia, June 2010 C. Cartaro 12



lﬁb Y(1S) -l

1Y (1S) from the
Y(3S)—->rnY(1S) transition
» BF(Y(3S)—=>Y(1S)m™t) ~ 5%

aSearch for Y(1S)—uu and
Y(1S)—>1rt

» select 1-prong tau decays ~w
» 4-charged tracks + photons in

final state
» Separate selections for Lyt and

T

aiBackgrounds: ggbar, QED,
Y(1S) generic decays

Signal efficiency: eW:45%, e =17% (from MC)

BEACH 2010 - Perugia, June 2010 C. Cartaro

13



ﬁp Y(1S) -l

J'Unbinned extended ML fit

# M(uu) = dimuon invariant mass
» My(nr) = mass recoiling against
dipion system =

J'up channel
» 2D likelihood fit to M(UWL) and M(rr)

Jart channel
» 1D likelihood fit to M(7tr)

JaiPerform simultaneous fit to 2
samples to extract R,

» PDFs chosen from a data sub-sample
(~1/10 of the total), then discarded

\/8 + M7%+7r* -2 \/E ) \/Mi"‘ﬂ'* +p;kr%‘7r*

RW(Y(ls)) =1.005 + 0.013(stat) + 0.022(syst)

BEACH 2010 - Perugia, June 2010 C. Cartaro

s Wsample

O RPN A RPTPTY FRP PR P
9 9.1 9.2 93 9.4 8.3 9.6

Muu(GeV/c2)

— e Lisoneeeyibonepenspohopepnipanipn

5 945 9435 940 9.465 9.47 9475 948

M.,mnt(GeV/c2)

= 1600]
L C
= 1400
S 1200
= r
B 1000
& F
M R00[—

600
400
200

ttsample

L b
18]
9.44 9.445 .45 9.455 9.46 9.465 9.47

9475 9.48

M;mt(GeV/c2)
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a/No deviation from SM (R_,=0.992) observed

R..(Y(1S)) =1.005 + 0.013(stat) + 0.022(syst)

Previous best result by CLEO:
Rm(Y(ls)) :1.02 £ 0.02 (stat.) = 0.05 (syst.)
PRL98, 052002 (2007) 08

— 0.07
~.0.06
sExcluded 5 0.05
M(A%)<9 GeV/c?
@90%C.L.

BEACH 2010 - Perugia, June 2010

JHEP 0901, 061 (2009)

> 0.04 |
5003 !
£0.02 |

0.01 !

Xd = cos6,, tanf= 12, I'(n,) = 5 MeV
M(n,) as measured by BABAR:
PRL101, 071801 (2008)

. A° contribution
nb contribution
90% CL SUM
9 '9':'1""92 93 94 95 96
My, (GeV)



Light Higgs and Dark Matter

tanf=10, u=150 GeV,

2l Light CP-odd Higgs bosons arise

: . m,, <2m,
In many beyond SM scenarios 2m,_<m,, < 7.5 GeV .
10~
4/ NMSSM solution 7.5 GeV <m,, <8.8 GeV

8.8 GeV <m,,<9.2 GeV

7 Next-to MSSM adds a Higgs singlet field to the MSSM Higgs
doublet and from the mixing arises a CP-odd Higgs field

A° = cosB, Accy T+ SINO, A

» Form, <2m_the lightest CP-even Higgs (h ) can evade

Singlet

LEP bounds by h® —A°A° PRL 95:041801 (2005) A
PRD 76:051105 (2007)  ;o—7 Loooloveileeuly,,

1. Dark Matter may consist of several components
* Low mass component not ruled out
* Existing direct detection experiments insensitive

a1 INTEGRAL anomaly: observe excess of 511 keV

-3
M, »3=100,200,300 GeV '°

. BR(Y>YA?)
o
&

9
()]

w
h
<=

photons from galactic center positrons annihilating
at rest

* Positrons may be produced by low mass
DM annihilation (PRL 92, 101301 2004)

11 May be observed in Y decays with BF(Y(1S)—%x)
up to (4-18)x10°¢ (arXiv:0712.0016v2 [hep-ph])

BEACH 2010 - Perugia, June 2010 C. Cartaro

rate (c/s/det/kelf)
~o
=

_
—_
<

E (keV)

INTEGRAL: Nature 458 (2009) 607
FERMI: PRL 102 (2009) 181101

490 495 500 505 510 515 520 5
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BR(a~T1T)

A° Production

2/A® can be produced in 2-body
radiative decays of narrow Y states

> Y(2S,3S)—yA?

A’—t*t- dominant in m,,>2m_

A’—ufu-dominant in m,,<2m.
A° -invisible (—yy pairs)

FIQ. Derrlnisek ?nd J. Gunion,PIiQ(l%)oéﬁ, 075003 2010
"7"""""" . Ellll "'I"'

| L] T I T T T T | L] L] L] T T T T L) g
0.500 3
: i H tanf=20 1

tanf=3

0.001 —/——
0




L%

4l Fully reconstruct final state with two back-to-
back charged tracks (identified as muon) and
one photon in the CM frame

M |

1l Scan utuinvariant mass for the A°
peak accounting for known resonances

° p, o, Iy, y(2S), Y(1S)

4l Extended unbinned ML fit in
1951 intervals of reduced mass
mR:\/(mA02+4mu2)

* J/y and y(2S)excluded from search

4l Upper limits @ 90% CL
« BF(Y(2S)—YA®) x BF(A’—u*u-) < (0.26 — 8.3) x 10
« BF(Y(3S)—>YA% x BF(A°—u*u) < (0.27 — 5.5) x 10¢
« BF(n,—u'w) <0.9%
4l No signal observed at m,, ~ 214 MeV (HyperCP)
* HyperCP, PRL94,021801(2005)

B(Y(nS) — vA") _ /5 | _ m%e Effective Yukawa
B(Y(nS)—1tl—) 2r« m%(ns) coupling of A0 to

boundstate b quark

BEACH 2010 - Perugia, June 2010 C. Cartaro

> 2500

= 2000

Entries / 10 Me

500

1500

1000

Y(2S,3S)-yA°, A°—>u u‘

PRL 103, 081803 (2009)

IIIIIIIII

One muon identified

Both muons identified

e+e- >y Jhy

%123 4 5 6 7 8 9
m_ (GeV)
~ sf R E
® = @ =
= i3 Y(2S) data =
= SE E
= 4c E
e 3= =
R 22— =
1;— =
~ UF R AR
© S5 =
s L 7(33) data || -
= 3' =
2= =
B E E
1= "«A‘ E
~~ 0:‘ o E
1 ‘combined
= 10-
-
= WWWMM f

273 456 7 8 9
m,  (GeV)
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ﬁ» SLAC
; Y(3S)—>"YAO AO_>T+T_ PRL 103, 181801 (2009)

* mT - mAO V"-. /1
3 Look for both T—pvv and t—evv By = —m \ S
- Final states: yuy, yeu, YN T
inal states \.(uu Yeu, yee AN
* A% mass obtained from Ey and known CM energy %oV
* Background from t-pair and 2 photons processes | \ v;"\‘e: """" "
plus peaking background Y(1S) from Y(2,3S) decays: v

Y (3S)—vx,,(2P), %x,,(2P) —=vY(nS) (n=1,2; J=0,1,2) Signal efficiency: ~ 10-14% (ee), 22-26% (e),
12-20% (up) (as function of EY)

_ _ 7 1000 (e)
Scans for peaks in Ey spectrum in the 2 IOOE e st et torsg o
range 4.03GeV <m,, < 10.10 GeV % wk AT "
(307 points) & B e \ ,
* signal is a peaking contribution of z: oéH s by +;+++4+,+4+ +Wﬁﬂ*ﬁ*ﬁﬁ#“;+W+*+¢WW%**#m*;*%gf*)%“w““w é
known width varying with Ey SE = 1 i :
* simultaneous binned ML fit to eey, ) E. (GeV)
upy, and epy final states : o %, region excluded '
Upper Limit E TLLLLLLEE T by e
> B(Y(3S)—yA%) x B(A’>—>1'1) < o

(1.5-16) x 10° at 90% C.L.
« BF(n,—1"1") < 8%

0% C.L. Upper Limit By (35)-y

jj;E UL (1.5-16)x10°@ 90%CL

m,. (GeV/ ?)

C. Cartaro 19




- Y( 3S)ﬁ7AO AO_>| n\"SI ble arXiv:0808. 0017
4 AP —»x%° can be dominant in some NMSSM Y\/"__- \

scenarios with light neutralino LSP @6 \ N\
2 Single photon with E >2.2GeV, no charged tracks \ 0\\“\““'”,/”///

1l Optimization in 2 regions
« Low E* :2.2<E* <3.7 GeV
* HighE* :3.2<E* <5.5GeV

* Different QED backgrounds in the two regions: e*e- ZERZ ;143,;
—vy and ete- —(e*e)yy
Signal efficiency: ~10% (E*y> 3 GeV), ~20% (E*y< 3 GeV)

I BABAR |7 Stat errors only
| Preliminary — Stat @ Syst errors

JUnbinned ML fits to m,2distribution in steps of
0.1GeV where m,2 = m,,o* — 2E*y m, 5,

~ Low E*Y:  0<m,,<6GeV

BFUL 90% C.L. (10 )
TT 8

» High E*?Y.  6<m,,<7.8 GeV

JiUpper limit e

» B(Y(3S)—YA%)x B(A’— invisible) <
(0.7-31)x 10° at 90% C.L. for m,,<7.8 GeV
BEACH 2010 - Perugia, June 2010 C. Cartaro
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NMSSM and BaBar Limits =~

A%=invisible

-.
v =
lllll]ll‘llllll]]l

-05 0.0 05
2mt <m,,<7.5 GeV

7.5<m,,<8.8 GeV

m,, <2mre

A° non-singlet fraction(cos0,)
A°=cos0, A5y T SINO, A

Singlet
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«l A I~

Y(].S) =>|nV|S|b|e PRL 103, 25180?22009)

90 =] T

T ~:£ E ' 3sa—x|x‘ xr{nm,
- E
J B(Y(ls)ﬁvv)“‘l ) 10_5 In SM \ g m%:- "{35}—*T€ﬁ‘t\_?b_:l,\HSI—flepTDnS!
+# can be enhanced to ~104-103 / \ S o i vos-vree) ll | YGS) MCOnly
by decays into pairs of low mass &S) SR § »CHE vosorred
weakly interacting Dark Matter " e M Wi
Candldates \b m;— Sidebands < —» Sidebands
JlY(1S) from the Y(3S)—nn B el , =
Y(1S) transition D P =
JIDipion recoil mass M, peaking Mfec = M= — 2\/_ E7T7r Dipion Recoil Mass (GeV/c?)
at Y(1S) mass ~ —
D g " ”3800:— Sianal/peaki =
JINo other significant additional 2 005 backaroond pdf 3
activity in detector © from “visible” 3
_ _ S 6005_ _ _ Y(1S)sample -
J/Unbinned ML fit to M... S 500 Combinatorial by =
_ _ _ < 400L- Packground pdf E
J/Observed yield consistent with £ o oF from sideband data :
. (] — —_
expected peaking background 2 i Yield (fit) 2326 + 105
- Background 2444 + 1237
Previous measurements BF(Y(1S) - invisible) 100 S%Cngr?luﬂg +105 + 1247
CLEO: BF <3.9x 103 @ 90% CL PRD 75 (2007) 031104 S R R L L R R
Belle: BF < 2.5 x 10° @ 90% CL PRL 98 (2007) 132001 942 944 946 948 95 952

M, (GeV/c?)

B( Y(1S) - invisible ) = (-1.6 * 1.4(stat) * 1.6(syst)) x 10* < 3.0 x 10 at 90% C.L.
BEACH 2010 - Perugia, June 2010 C. Cartaro 22
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Conclusions

11 Y(2S) and Y(3S) can provide direct constraint on NP

4l Constraints on LFV can probe NP at TeV scale
» BR UL O(10%)
» improved plus new limits

dal Test of LU

» >2x improvement provides stringent test of SM and helps
to constraint A° mass

4l Light Higgs

» Probe of NMSSM
al Light Dark Matter

» 10x improvement on A° —invisible
4/ More to come...

BEACH 2010 - Perugia, June 2010 C. Cartaro 23
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Y(3S) HyperCP region
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HyperCP experiment observed a
resonance structure in £ —pu U
scattering. Light scalar decay to
L7

n , recently discovered by BaBar
(PRL 101, 071801 2008): check at
Mn ,=9.38GeV butn ,-u 4 not
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ﬁ Bottomonium Spectrum

Jlbb states below Y(3S) not yet discovered: 3 S-
(nL) wave (n ), 2 P-wave (h,), 4 D-wave and

possibly 4 F-wave.

where n is the Y (11020)
principal quantum
number and L

indicates the bb Y (10860
angular momentum

in spectroscopic

notation (L=S, P,D, Y (45)

<. P-wave [Orbital Ang. Momentum between quarks]
A~

N -- ¥ - iy 4 e
JPe = 0 1 1 0 1 2 28
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L LAl
ﬁ. n , Observation

BaBar, PRL 101, 071801 (2008)

= 000 Fitted signal yield:
O C
S " 19200 = 2000 (stat.)
3 40000 + 2100 (syst.)
;.bﬁ 20001

Branching Fraction:

(4.8+0.5+1.2)x10™"

C 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 11 1 I 1 1 1 1 I 1 1 1 1
0.5 .6 0.7 0.8 0.9 1 .1

E, (GeV)

Fited Mean:  E£,=921.27,+2.4MeV
Mass: 9388.97) +2.7MeV/c?

Hyperfine 23 ;
Splitting: 7147 +2.7MeV/e
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