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The BABAR experiment

Four years after the end of data taking, BABAR is still very productive !!!
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So far, we have published 482 papers, and we expect to publish another
~80 analyses these next years.

We have already submitted 14 papers in 2012, and expect 12 more by end of this year

I'll discuss some recent results
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Selected highlights from BABAR

Searches for T violation and new sources of CP violation

Observation of Time Reversal Violation in the B® meson system, to be submitted soon
Search for CP Violation in the Decay T — TTK_ (201°) v, submitted to PRD-RC, arXiv:1109.1527

Search for CP violation in the decays D* — K K*, D*. — K K* and D*_ — K 1", preliminary

Study of CP violation in Dalitz-plot analyses of B® — K'’KK,, B* — K'’KK", and B* — K K K",
submitted to PRD, arXiv:1201.5897

Searches for B decays with unique B factory signatures

Evidence for an excess of B — D™ tv decays, submitted to PRL, arXiv:1205.5442
Evidence of B — tv decays with hadronic tags, submitted to PRD-RC, arXiv:1207.0698

B° Decays to Invisible Final States and to va, submitted to PRD-RC, arXiv:1206.2543
Branching fraction measurement of B — w| v decays, submitted to PRD, arXiv:1205.6245

Branching fraction and form-factor shape measurements of exclusive charmless semileptonic
B decays, and determination of |Vub|, to be submitted soon

Searches for New physics

Search for Dark Higgs boson, PRL 108, 211801 (2012)

Search for Light Scalar Higgs Boson Decaying to Tau Pairs and Muon Pairs in Single-Photon
decays of Y(1S), preliminary
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The BABAR experiment at SLAC
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The BABAR experiment at SLAC

BABAR collected around 533 fb™ of e*e” collisions around the Y(4S)

As of 2008/04/11 00:00 =+ - 7'\‘
e - e'e—y* - Y(nS)
::'; : B@B-ar } 25-"'I"'I"'I"'"I""'I""I"""'I"""'I'_
# 500 PEP Il Delivered Luminosity: 553.48/fb [ r ~ 20-50 keV IE CUSB ]
£ - BaBar Recorded Luminosity: 531.43/fb - o [ * 1S.25.3S o
£ L BaBar Recorded Y/(4s): 432.89/fb J il I|I (e =
= B R Sesda N 1 £220r (v Beamenergy spread ~5MeV |G ’
B 4001 Off Peak Luminosity: 53.85/fb ’;; L : ! CI!_)
o r - n i 1 e c
L i L 1 7 prr}
g0 / ] 2 1sf o ] Im ]
300 i kS o - Im
5 ] T 101 * | f | ]
! R S £ r4s~ 20 MeV ]
[ i Losp | N A { Y, ]
100[- ] B ¢ b4 b Lormy '-'-5"""1" O S
i ] L Y(1S) T(258) T(SS) T(ilS)
L - PR S S I M . T
oftll LA A TR |||H||H||H||||HH 044 946 10.00 10.02 1[134 1[:13? 1D54 10.58 10.62
L A Mass (GeV/c)

BABAR data sample contains

~470 x 10° Y(4S)

~120 x 10° Y(3S) (10x Belle, 25x CLEO)
~100 x 10° Y(2S) (10x CLEO)

~ 18 x10° Y(1S) from Y(2S) - 1T Y(1S)
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Time reversal violation in B’ meson decays




Time reversal violation

.....
.

Time reversal is a discrete symmetry T“’/ B
= Exchanges |in> and |out> states, t — -t. A ’\
C
TN
Time reversal violating processes / B
= A non-zero value of a T-odd observable in a stationary state, A \
(e.g EDM) or a difference in the probability of a—b from b—a 27 ot C

in an oscillation process at a given time t (e.g., v_— V VS.V — V).
- Not observed yet.

= Exchange |in> and |out> states in unstable systems. EDM T
- Tricky to prepare the initial state. - 4
(lﬂ!' P ¢
d
The CP and T symmetries are connected via the CPT theorem — df
= Observe CP violation — T violation (assuming CPT) TN

Can we observe direct T violation?
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Time reversal violation in B’B° decays

Exploit quantum entanglement of the B°B° pair produced at Method described in
the Y(4S) to overcome the problem of irreversibility J. Bernabeu et al.
arXiv:1203.0171
Entangled Entangled
projects
Y(48) Flavor eigenstates
O o B°/ B®
T
>
CP eigenstates
BCP+ / BCP-
Itis NOT
the exchange
4 t1ﬁ t2 ) 3 ~
projects projects
B, B’
A 0
BO AT s B+ B+ 4 ) B

Tagging:
- flavor eigenstate, e.g. the sign of a prompt lepton in B — I'X; B® — I'X decays

- CP eigenstate, reconstructing the final state J/y K (CP+) or J/y K_ (CP-)
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Time reversal processes

We can build 4 independent T comparisons (and 4 CP and 4 CPT)

y Bcp, — B y B —» B,
By B i o
By —> B CP I* ta g
04F E C|)T a
' ' ' ' - At
Bep. > B° B — Bep_
"I BY—> B, e " tag
2 Bep, = BY g
YT S Ik |
TRV test imply comparison of B® - B (K ) T Bcp+_’ B (J/w Ks’|+)
- Opposite At sign B®— B o WIWKY) o By~ B® (JWK,I)
- Oppos!te CP states B°— (I",Jlw K ) B_ —B° (JWWK_I
- Opposite tag states Bcp. e .
B°-B_, ("JWK) B, —B° (JWK,I)
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Time reversal violating parameters

Measure time dependent decay rates B
a=B°,B°
B=JK ,JYK

giﬁ(‘r) x eIl {1 + Siﬁ sin(Amgr) + Ciﬁ cos(Ade)} C= s ALS O

Unbinned maximum likelihood fit to extract the 8 (S*,C*) values, including resolution,
imperfect tagging and background.

Combine these 8 (S*,C*) values to form a set of independent (AS* _ _,AC* _ )
differences sensitive to T, CP and CPT violations
B B S ”’i B’ - Bep
0 = By,
Hor S0 I tag
~l >
Any non-zero AS/AC
At value corresponds to a
symmetry violation
B.p. > B° A B® > Bgp_
BY - By, o I~ tag
Bep, —> B
Sk T ks
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Results

—1.37£0.14 + 0.06]
1.174+0.18 £0.11
0.10 £ 0.16 £ 0.08
0.04 +0.16 £ 0.08

AS:

Observe time reversal violation with a significance > 100
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CP and CPT violation

CP violating parameters CPT violating parameters

a 1C . - 1

o F BABAR preliminary 4ok BABAR preliminary
< 0.8 O o0s8f
L <] b C
06 06/
045 oo 0.4
0217 s OO 02—
T @ g VY C
0: ?U?dfl-o5w Y _l_ o—
02_._ ,‘I \ '.70‘30 C
s RS 02—
04F | 04
0.6~ -
= o 06
08— C
E e 0.8
_1_I | | | | I | | | I I | | I | | I | | | I | | I | | I I | —

'2 '1.5 -1 '0.5 0 0_5 1 1_5 2 _1_IIII|\\II‘\II\llllllIIII|\\II|\III|IIII
AS: 2 s 1 05 0 0.5 1 1.5
CP AST
CPT

0.16 =0.20 = 0.09
1.33 +0.12 + 0.06 T —0.03 = 0.13 = 0.06
0.07 +0.10 £+ 0.03 0.15 £0.17 = 0.07
0.08 = 0.09 £ 0.04 = 0.034+0.14 £+ 0.08

Clear evidence of CP violation and no evidence of CPT violation
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B — D™tv decays



S

U -
Tree-level semi-leptonic decay mediated by a W* B+ . _ DO
= T mode sensitive to New Physics contributions, b i
e.g. charged Higgs boson H* in type-Il Two Higgs W‘L/HJr V
Doublet Model (2HDM)
€+

= Reduce sensitivity to hadronic form factor and V , by measuring the ratio

BF(B— D"rv) <« “signa
BF(B —> D(*)lv) I=e,u <€ “normalization”

R(D™)=

Previous measurements from B-factories
= Above Standard Model predictions, but limited significance

New result from BABAR

= Based on full dataset (2x more statistics than previous result”)

= |Improved B reconstruction
= Signal yield increased by more than a factor 3

Main challenge: many neutrinos in the final state!!!

1) Z. Phys. C46, 93 (1990), PRD 78, 0156006 (2008), PRD 85, 094025 (2012)
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Event selection

Tagged analysis

= exclusive reconstruction of one B meson, the “Btag

= The beam-energy substituted mass m__= ((E*__P-(p* P ¢ .7

tag - e®
- peaks at the B mass for signal with a resolution ~ 2.5 MeV ‘>& i . D(*)
< Bta \
g

= The energy difference AE = E*tag -EB*
- peaks at zero for signal with a resolution of ~ 18 MeV

The rest of the event is assigned to the signal B ?OOO 5 RPN :

= Must be compatible with B — D* tv_/B — D* | v hypothesis gmo i

= Reconstruct D/D* candidate 1000 E

= ldentify leptonic decays of T lepton (final states have identical N ot
content except neutrinos) T (Gev)

= No additional charged particles and no significant extra neutral energy

Extract signal by a 2D unbinned maximum likelihood fit to

= Invariant mass of undetected particles and lepton momentum in Bsig rest frame
& Simultaneous fit with B — DO 1 Iv to constrain the contribution of B — D**1v + B — D**|v
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Results for B — D*tv

[@0e]
o
TT T[T 1

o))
=]
T

Events/(0.25 GeV?)

D0

Events/(0.25 GeV?)

“D¥ty O

" Drtv
BD*lv
BDlv

BD**lv_
--Bkg.

Fixed
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§ ool 10<sm2, <120 GeV?, D Bo>DT1lv
8 I ++ + N?‘; 100f- e ok
%’ + + (cg! i D |V
00_ 05 T 1s 2
p* (Gev)
E 40F 10=m2, <120 GeV?, D** :E
- . h
s o i il
g 20F +++++ @
g f
10:— 2
=05 1 15 2
p¥, (Gev)
D*°tv D*"tv D*tv
Nsig 639 * 62 245 + 27 888 + 63
Significance 11.3 11.6 16.4
R(D*) 0.332 £0.032 | 0.355+0.039 0.332 £ 0.024

Only statistical uncertainties
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Results forB— D tv

B > 10sm2_ <120 GeV? BoDTMIV
) g 200-_ +++ ’_}1{4 “"; C D+ﬂ-0
q = [ F T 5 s
E ?:) i B 5 60;— D**|V
& 20F
G
p*, (Gev) m2._(Gev?)
< 200700 kL
L > | 10=m2,_<120GeV?, D* 3 U7 mD-1y
3 s 100f + + miss < 150F !gll(\é
E g S
m2, (Gev?)
e ) 'nofB/)Dw
' gtw girst 50 observati®
.D *Y Free
V. > infit D°tv D'tV D v
EDlv .
Nsig 314 + 60 177 £ 31 489 + 63
.D**IV/ e
---Bkg. Fixed Significance 5.5 6.1 8.4
R(D*) 0.429 +0.082 | 0.469 + 0.084 0.440 £ 0.058

Only statistical uncertainties
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Comparison with previous measurements and SM predictions

Consistent with previous measurements Average does not include this result
SM Aver
rRp)| st [ | —— —=on| M BB
Sl ket | e 232M BB
059 016 = 047 0.10 . 657M BB
034+ 0.1 043+ 0.09 s 657M BB
P | | e (717 55)
02 04 o6 o8 ~ 03 04 05 06
R(D) R(D*)

R(D) R(D*)

BaBar 0.440 £ 0.071 0.332 £ 0.029
SM[* 0.293 +0.017 0.252 + 0.003

A 2.0c 2.70

The SM prediction is excluded at 3.40

02 04 0.6
R(D)

[*] J.F. Kaminik and F. Mescia, Phys. Rev. D 78, 014003 (2008)
S. Fajfer et al., PRD 85, 094025 (2012).
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Implication for 2HDM type-II

Simulated events reweighted at the matrix element level for 20 values of tanf / m_to reevaluate
PDF, efficiencies and repeating fits.

Constraints on tanf3/ m plane

BABAR
2HDM type-I|

I Excl.at2o
B Excl. at 30
Bl Excl. at 5o

—5 0q Y S—— 0 200 400 600 800 1000
f tanp/my (GeV™) My (GeV)

N
(-}

2HDM type-Il excluded at 99.8% CL on the whole range for H" mass > ~10 GeV,
and excluded below 10 GeV by B — X_y measurements
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Search for light CP-odd Higgs



Search for light CP-odd Higgs boson

Dermisek et al., PRD 81, 075003 (2010)

Light Higgs boson

tanB=10, p=150 GeV, M, , - =100,200,300 GeV

= Many SM extensions, such as the NMSSM, Y '_I1'5'0' G(IeV anl F E
include the possibility of a light Higgs boson H=  any ]
= 3
& NMSSM proposed to solve the “p problem”, = .
adding one CP-odd Higgs, one CP-even Higgs T 10—6 B B
and one neutralino to MSSM content < E 3
5 i ]
X 1077 | =
= A light CP-odd Higgs A° with mass lower than 2m, «
is not excluded by LEP constraints ? -8 [ )
z 10 —3
LL =
& Radiative decayS Y(nS) —>on (n=1,2,3) offer an 10—9 N T I
ideal environment to search for light Higgs: -05 0.0 05

a, non-singlet fraction (cos8,)

- Fully reconstructed in A%y B
- Partially reconstructed in A’-t*1,qq
- Invisible decay A’ x X, ifm, > 2m

0 — .
A= coseA AMSSM + smeA AS

0 <m, <2m_ 7.5<m, <8.8GeV
2mT <m, <7.5GeV 8.8<m, <9.2GeV
Can have a very large branching fraction
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Search for light CP-odd Higgs boson

Dermisek et al., PRD 81, 075003 (2010)

Branching fractions
l'Ooog""l""I""I""I""I""g
0.5007;& —

Light Higgs boson

HUL |
= Many SM extensions, such as the NMSSM, <oaoop | .
include the possibility of a light Higgs boson DA AN
% 0.010

0.005 |-

& NMSSM proposed to solve the “p problem”, g
adding one CP-odd Higgs, one CP-even Higgs 0.001
and one neutralino to MSSM content

& A light CP-odd Higgs A° with mass lower than 2m,
is not excluded by LEP constraints

BR(a—>7T)

& Radiative decays Y(nS) - yA° (n=1,2,3) offer an
ideal environment to search for light Higgs:

- Fully reconstructed in A°-u*u 1,000 g
: . - 0.500 H4 &

- Partially reconstructed in A’-t*1,qq ;

. . O -

- > ~—~0.100

Invisible decay A’ X X, ifm 2mx Gl

s

. . M 0.010¢

Can have a very large branching fraction 0.005

0.001
0
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Search for A’ in Y(1S) — yA%, A’ — ity

Search for a light CP-odd Higgs in
Y(2S,3S) - ttY(1S), Y(1S) - YA, A’ — p'w

Analysis highlights

= Tag the Y(1S) from the dipion transition

= Require the yuu system to be compatible with a Y(1S) meson b\ )
n

= Fit for a narrow peak to the reduced dimuon mass m_ = (m?, - 4m2M)”2 ®
S 10 e ye  BABARPreliminary Lt
; % “—+;‘ Dat‘a -'i"'..“. ! %
§ 102} e = 90% CL Upper Limt:  B(Y(18)—yA")XB(A'—uu")
S 10b st i =) E | | | 1B
2 ; = 5 - BABAR .
2 F Y(2S) smtaY(1S) - el B I ]

10 ‘:.::}Hm}:..‘}:".":::}.;? E
g 103 E s R 3 1 — —
> F [RRNNNAN r MC .:.‘...m - - o E ) E
§ 107 T e % = Y(2S) »atnY(1S) 3
& oLt boswn gttt | ) ' ‘ ' '
§ T T 0 1 2 3 4 56 7 89
t 1f S
H o Y(38) »mtm Y(18) i mA° (Gew c2)

01 23456789
m,., (GeV/c?)
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Search for A’ in Y(1S) — yA%, A’ — 7't

Search for a light CP-odd Higgs in
Y(2S,3S) —» ttY(1S), Y(1S) - YA, A’ — 1T

Analysis highlights
= Tag the Y(1S) from the dipion transition

= Use 1-prong decay of tau (T — pvv, T — evv, T — TVV)

= Fit for a narrow peak to the photon recoil mass in the Y(1S) system

= & Branching fraction upper limit
ps' E % % §+ % ‘é; I T T T T l T T T T | T T T T ] T T T T T T T T T I
B f t % 3 0t .
o ol 4*; 35 BABAR preliminary E
| wdf = 64.3/75 = & F =
5 so— BABAR Preliminary _ — ® r N
= E ! m — u =
2 w— High Mass region % ; = = L il
- 0 % = 10 — —
E H : } j[ e E \/\// ]
20— xd < — -
s 4. § . ]
10} e ¢ } i | ) _
boril gl : i STAT ONLY |
OHO 55 60 6 7 75 80 g 235 ” -
REELCEY") P IR BRI EER RS I B SNI B S SrI RS R
4 s 6 7 8

L . . 9
ma'=8.93 GeV, Local significance=3.0c m,, (GeV)

Global significance = 1.4c
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Search for light CP-odd Higgs - results

A’ — A - 1T A’ — hadrons
_4 ot
10 T 11 I LI I | I LI I | I T T 1 10 2 ET T I —T—TT I —T—TT I —T “?_\ 102__ —
= 2 " ECP-all =
i S - 5 F 1 B
21070 e 1073 S b 2%
3 1 5 T = 1 5
T — B & = T o
s = i z I Black = observed— 1 @
% 10—6 e _4 | ) B ack = observedH 1 @
& m 10 3 = 1 Red = expected 3§ £
X X - - Blue = statonly
/__;:' . f‘: = [ + + + } + ] + + t } —]
T b T Ll Sy s ' CP-odd
t B 1 L B o S = - .
o0 B 3 1 ®w - cae i i < 10
08 st || 5o | = B e " } 10 =
=10 7 F I ] & 1076 v = = ]
- s 1 = = - 7
& L. 1 M - 3 I =l
10—9 [ | | | I | | | I | | 111 0 ,? ii | | | T 1§_ B B E
_ 1 T | I - | 11 1 1 1 1 1 11 1 - A AR_
05 00 05 -05 0.0 0.5 L : ]

non—singlet fraction (cosé,) non—singlet fraction (cosé8,)

A° hypothesis mass (GeV/c?)
tanp=10, p=150 GeV, M, ,, =100,200,300 GeV

0 < on< 2mT

[ o Y(2,3S) - YA% A’ - ' Y(1S) — yA% A° — invisible
s Upper limits  2m, <m, < 7.5 GeV PRL 103, 081803 (2009)  PRL 107, 021804 (2011)

0
mmm (0% CL) - 7.5<m, <8.8 Gev Y(38) o YA A TT  Y(2,3S) — y A% A° — hadrons
— 8.8<m_<9.2GeV PRL 103, 181801 (2009)  PRL 107, 221803 (2011)

Substantial fraction of the parameter space excluded

Bertrand Echenard — Caltech 40TH SLAC Summer Institute — SLAC July 2012




Conclusion

BABAR is still producing many interesting results, and more are to come.
See you soon...
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Extra material



Independent T asymmetries

Asymmetries of the 4 transitions studied

+ v+

A (A = AST cos(AmAL) + Ajf sin(AmAv)

Projection of fit
without TRV

Projection of fit
with TRV
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Time reversal violation

BABAR preliminary

CP

CPT

Bertrand Echenard — Caltech

Parameter Result
S 0.55 =& 0.08 + 0.06
SHa— —0.66 & 0.06 =+ 0.04
Cr x,cexct 0.11 £ 0.06 + 0.05
i —0.05 4 0.06 + 0.03
ASH =S, x yux0 ~ Sfrx,ero | 137 £0.14£0.06
AST =S 1jut = Sirx ek 1.17 £0.18 +0.11
ACH =Cpy 1yrd = Clixao | 010£0.16+0.08
ACT =Cl y 1yyxo — Crixaro | 0.04£0.16£0.08
ASEp = ST ¢ oo — Sthx ey, |~1:3040.10 £0.07
ASce =S, x ext ~ Serx ot 1.33 £ 0.12 4 0.06
ACEe = O ¢ o = Cfix oo 0.07 £ 0.09 + 0.03
ACqp = Oy et — Ot x ot 0.08 & 0.10 & 0.04
ASEpr = Spix yjpo ~ Stix o, | 0164 0.20 £0.09
AScrr = Sy s/ur0 — Sirx ey, | ~0-03 % 0.13 4 0.06
ACEer = Cliy sy — Clix oo | 015017 £0.07
ACcpr = Cfix syyxo — Coix oo | 003 40.14+0.08

expectation from
canonical CP

+sin2f
—sin2f
0
0]
—2sin2f
+2sin23
0
0]
—2sin2f
+2sin2f3
0
0]

0]

sin(2B) = 0.679 % 0.020 (HFAG Winter'12)
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Connection with B — tv decays

b

B — tv is also a tree level decay mediated by a W,
sensitive to New Physics contributions such as H™. B+

Analysis similar tothatof B - D 1V \7
= Reconstruct of Btag, assign rest of events to BSig
= Reconstruct leptonic and hadronic tau decays
= Extract signal as UML fit to the extra neutral energy of the event
All channels combined Combine result with statistically independent
measurement in semi-leptonic tagging”
2 300 ---o Signal
S 250 — Bkg s B (B*—1'Vv) =1.79 + 0.48 (stat+syst)
= C
25200 ﬁ:!ﬁ:

Recent result from Belle (ICHEP 2012)

+ + — +0.27
B (B' —T'V) =0.72°7 _ + 0.11

02 04 06 08 Tension between BABAR / Belle
Eextra [GeV]

1) BABAR Collab., Phys.Rev. D81 (2010) 051101
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Connection with B — tv decays

BABAR result
BB"—>1Vv) =1.79 £+ 048

SM Model predictions (depends on V )

B, (B —>1'v) =0.62 £ 0.12 IV, |=313+£0.14 £ 0.27 (MF. Sevilla, PoS(EPS-HEP2011)155 (2011))

B (B*—TV) =1.18 £ 0.16 |V _|=4.33+0.24£0.15 (BABAR Collab., arXiv:1112.0702)

H+

2HDM type-ll predictions
Constraints on tanf3/ m plane

o0

: —

— I~ RN = iy oy

- : S BABAR §]00— §100—

z °C —— 2HDM V  low

T I — 2HDM V_ high |

an 4— ub

= T 501 50F
2;:::::::::::::::::ZZ:ZZZ:ZZZZZZZ:ZZZZ:ZZZ:ZZZZZZZZ:Z SRR
O ———"0o1 55 — 3 % 500 1000 % 500 1000

| - n my; (GeV) my; (GeV)

tan Bx‘“mH_ (GeV™h

Tension with the SM (1.60/ 2.40) and constraints on the 2HDM type-l|
Preferred values of tanp / m_different from preferred by B — D™ tv
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