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® BaBar Detector & Dataset

® B Physics
® Rare Leptonic decays (B—Tv, B—=>Kvv, B—=KTT)
® Very Rare decays (B—YY)
o B,—Xlv

® (Charm Physics-See Ryan White talk on thursday)
® Search for CP violation in D (D*—KsTT™)

® Very Rare decays (D—YY)
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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 bat I: E
7x(Belle + Cleo) Y(3S) . Not Only BB pairs: |
L0.5X(|?>e||e +Cleo) Y(25) | 690M cc pairs ;
G o 500M TT o

W
(~4fb" collected above Y(4S) |
| g 2:1 T Y |
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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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Powerful probe for NP: e -
H . . P | 'SM BR depends on inputs but of O(10)
'sensitive to Charged Higgs B

‘ sin(2), ex, AMg, |Vesl, ¥ o 0.768+0.099 (270
|

s 25), ex, AMg, |V 1. 0.776+0.10 (2.70)

Bnp = Bsu (1 — tan® 3

| Helicity suppression give

sin(28), ex, AMy, [Vesl, 7, Vsl 0.762+0.096 (2 80)
sin(28), x, AM,, ¥ 0.761+0.099 (2 80)

sin28), AMy, |Val, Y 0.75240099 (2 80)

larger SM BF for taus:
J‘ B(Bt - 1v) ~ 1x107%
S BB ) o 4107 S

144020 (<10)

074+0.14 (2.8)
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Few kinematic handles to reconstruct B*
=TV

Hadronic tag

B-

113 1) ‘ *
Reconstruct “other B” completely | D)

Only one bachelor track

associated to the T decay should :
remain :

look for signal in remaining tracks | — (%)0 v —
and C|USte§S & j’ B — -D X

N
-t =m0 fr— oot
Reconstruct 4 T decay modes: SR L O BRSO el e LT T

0.0 0 _+_— ) S SRR

evyV, Uvv, TV, pV = about 72% Ks’” ,Ks'zr 7f ,Ks’ff ™ T
| + - -
of total BF | K K ,n"nw

0,0 0
Key discriminating variable: Eextra: A D

: d \_
sum of neutral energy not associated with >
either reconstructed B meson |

X =nn* + mK + pn® + ¢K°
B* — T%V will show an excess of events
at Eextra ~ 0. | n-t+ms o imnp.qs 2

— = = ==
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Likelihood fit to Eextra variable to extract
B*—T"V signal

(24
o
o

Signal template of Eextra from MC,
corrected using data with both B
completely reconstructed: | hadronic tag

pnts/(0.06 GeV)
-~
2

(

a)
BABAR

preliminary

B | semileptonic or hadronic B

Background templates:

- combinatoric: mgs sideband

- peaking: from B*B- MC

® Fityield:69 % 2| events (3.30)

® Preliminary branching fraction
(Had tag only) :

B(Bt — 7Fy.) = (1.80102% o1a¢ £ 0.265yst) % 10~4

Combined results (10-4)

BaBar |.761£0.49

Belle |.54+0.48
ICPP-Istanbul
20-25 Jusncaenz(;J I HFAG 1.64+0.34

! ] 1 l 1 | | [

04 06 08 1 ‘152'_ 4.
Source of systematics BF uncertainty (%)
B counting
Tag B efficiency
Background PDF
Signal PDF
MC statistices
Electron identification
Muon identification

¥ Kaon identification

| Tracking
Total




® b—s FCNGC, analogous to B = KI*l,
and therefore sensitive to NP:
unparticles, MSSM, universal extra

dimensions, etc.

Standard Model BF small ~ 3.8 x 10®

NP models predict BF up to a factor
of 10 larger

Previous measurements
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Mode

Upper Limit
(90% CL)

Experiment

Dataset (fb')

Reference

B*— K*vv

1.4 x 10~

Belle

492

PRL 99,221802 (2007)

B*— K*vv

52 x 10

BaBar

82

PRL 94, 101801 (2005)

B0— KOvv

1.6 x 104

Belle

PRL 99,221802 (2007)
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e Asfor BY = TV, few kinematical constraints on final state
= reconstruct “other” B in event in semileptonic B decay

* Look for signal decay among remaining particles of event

Semileptonic tag Signal decay

D - Kat K atn K 7t
7, Kont, Kontn~
Dm+ —_ Do,n.+
D** — D%°
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Signal MC
—— Background MC

¢ Data

go - LA g gl v iR il Catten Fg i S iat gty
0.2 0.4 0.6 0.8
K* Single BDT Output

Expected events

Fraction of Events
signal normalized to |

€ (in (%) ngn]

Nbked

26 + ().3
1.3 *+ (.4

0.24 9+04
0.28 e | 1

)
low-g= K

0.16 6.9 +04
0.06 0.5 = 0.1
7.8
high-¢*> K* %

I+ I+ |+ I+

2.6 09
10 = 46
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Suppress high remaining background §

using multivariate classifier: Bagged
Decision Trees (BDT)

Ensemble of BDTs trained on
simulated signal and background
events

Trees use 26 (K*) or 38 (K9)
variables relating to i) missing
energy, ii) event shape, iii) signal
kinematics and iv) quality of
reconstructed tag

Selection optimized for signal
significance: s/(s+b) !/
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B— KVV: Results

Observed events " Nobs - Ne)

B* - K'vv,90% CL
Mode N i ) ~ BaBar 351M BB
— — — Belle 535M BB

19.4724 LB ~— BaBar 459M BB

. [ ] Buchalla et al.
61555 . 2052

Py + O A+44 +6.2 REVEPIRY (NP ((PUUININ PR PN o
low-¢~ K 19.4753 187571 . 5 2 25 3 35 4 45
high-¢* K* 164113 —23+49 Branching Fraction

\ S )
UPPEI" Iimits B® — K° v ¥, 90% CL

— —
Mode BF (90% CL )  95% CL — Belle 535M BB
X 1073 X103 X103 ~~ BaBar 459M BB
K* 0.2%33 1.3 1.6 || Buchalla et al.

() +3.1

K L7230 3.6 6.7 PRD 63 014015(2001)

Comb. K*. K© ()_518{7’ 1.4 1.7 — PEEPREPTS [SPURPRIPON JOPTRPREIES SPUCCIPUN KPR S Rt PO i PRI
: 0.6 0.8 1 1.2 14 1.6

L()\\"'(Iz K ().2182 0.9 1.1 Branching Fraction
High-¢* K* -18538 | 31 ) 4.6

T Best limits achieved to date |Phys.Rev.D 82, 112002 (2010)
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— KTT: Motivations

‘ —_
‘ |
f

| Similar to other B—KIl, SM BR smaller
z due to T mass ‘

s=m2_/mj>06—B~43x107" |

In some models BF can depend on

lepton mass:

m2

; _ T
|Phys. Rev. D70 (2004) B - 5 ’ BS M
my

NMSSM /\

dB(B - X,1*17)/ds

SM BF vs q2=m?

10-8 1 | 1 1 I 1 | 1 1 I 1 | 1 1 I 1 1 1 1 I 2 1 I 1 - ;.
0 0.2 0.4 0.6 0.8 Alberto Cervelli
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Hadronic tag on other B T reconstructed in | prong decays
| evyv, Uvy, Ttv

Signal side: only 3 tracks, PID, thrust angle of

sig/tag decays, missing Energy, Eextra, hard track Signal efficiency 4.45x 10
momenta

Lepton (charge opposite to Btag) momentum Extra neutral energy

lIIT[ITTI'IIIIIT‘TI]IIIIIIITT]'TTIIIIIITIITIIIIIII

— ] | 1 I 1 1 | ] | 1 I ] | | ' 1 1 | [ 1 1 L ] ' | ]

[ ~——— MC Peaking + Data Combinatonc Estimation
— Signal (Scaled) ——— MC Peaking + Data Combinatonc Estimation

— Signal (Scaled)
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Observed events: 47

No signal excess observed only UL

—

Main systematics

Signal efficiency: 15%

Bkg estimation: 1 7%

460 M BB pairs
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15 16
¢° = (Py(as) — Ptag — Pk)° (GeV?)

3.3

17

18

19

20 21
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® |nvolves b—dYY transition b

- small SMBF ~ (3.179:5) x 1078 p¢

JHEP 08 (2002) 054 .
(l

pow - . ww ww ww w we w

® Can be enhanced by NP scenarios
- extended Higgs sector:Aliev and lltan, PRD 58,095014 (1998)

- SUSY with broken R-parity: Gemintern, Bar-Shalom and Eilam, PRD 70, 035008 (2004)

: Best limit to date:B(B0 — yy) < 6. O
Belle, PRD 73, 051107 (2006)
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B—YY: Backgrounds

Background sources 0 e
Neural net response

® Decays of 1 and n decays 104 Connoom cue
cu

reject with Likelihood ratio based on 4ackgrouncD

m(YY’) and Ey

® out-of-time Bhabha event overlap:

Events / 0.02

rejected with total energy and timing
cuts

® Generic continuum events

04 05 06 07 08

Multivariate classifier (neural NN response

network) based on |9 input variables

Entries / 0.04
g g § §
llFlIllIlllIIIlllIlllllT
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Phys. Rev. D 83, 032006 (2011) '
YY e S | I ts <4 On-resonance data

— Total

m = - = = qq background
467 M BB pairs S \/ beam ~ Pl - - - Signal

=== BB Background

lllllllll]ll'[llll]l'llllll

2D likelihood fit to mes and AE | (a)
variables :

Signal yield: 21. 3+11 s events 1

~- 5% o ~

Events / ( 0.003 GeV/c?)

2 521 522 523 524 525 526 527 528 5.29

Meg (GeV/c?)

Likelihood function

[-90% CL Upper limit;

B(B — vy) < 3.3 x 1077 at 90% CL
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Semileptonic Bs decays:

e measurement from Belle (unpublished results) :
B(B,—Xlv) = (10.2 £0.8+0.9)% (hep-ex:07102548, 2007)

e LHCb measure ratios of semi-exclusive decays to total inclusive:
B(B,— (D,*/D)XIV) /B(B,—XIV) (Phys.Lett.B 698,14,201 )
Exploit BaBar above-Y(4S) data: (25.5 £ 6.2) x 103 B,(""B,(") decays

abundance of @ meson in B, final states (w.r.t to B) allow to measure size
of B, component

e B(B,—DsX)x B(D,—®X) = 15%
e B(B;?PX) = 3.43%— measure f, = # B produce above threshold / #
bb events

measure B,— XIlv adding a high momentum lepton
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Continuum subtracted yields

| Continuum-subtracted ¢ ylold |
»0.025

*++++ +H+++++* ¢ “*++++ﬂ++4 3

1“ 10.7 ﬂlj 109 " 11
&’l-(zm PGOV)

Semileptonic BF:

B(B, - vX) = (997 (stat)+13(svst))‘7

fs : near Y(5S) peak consistency with

on-peak results from
Belle : f, = (19.3 £ 2.9) % (PRD76,012002, 2007)

Cleo :f, = (16.8 £ 2.6) % (PRD75, 012002, 2007)

|CPP-Istanbul
20-25 June 201 |

stat only
stat+syst

siail
108

",“

P IPRPEPEPN | Y-
1 1.2
s (GeV)
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Conclusion
BaBar ended data-taking in 2008 but analysis
still ongoing

Many rare decays sensible to new Physics:

BaBar high statistics consent to have great
sensitivity to NP

BaBar was not only a B-Factory, many new
results on both B4 and Bs physics

New results expected soon!

Alberto Cervelli
Universita’ di Pisa



CPP-Istanbul 'f Alberto Cervelli
20-25 June 201 | Universita’ di Pisa




|CPP-Istanbul Alberto Cervelli
20-25 June 201 | Universita’ di Pisa




|CPP-Istanbul Alberto Cervelli
20-25 June 201 | Universita’ di Pisa




D—YY: Motivation

SM and MSSM  LOOPS

FCNC, GIM-suppressed charm loop |
diagrams: *z,;;;’ v

SM dominated by long distance ' g
contrlbutlons (PRD 66,014009.2002)

SHORT DISTANCE CONTRIBS

Looking for P enermg the Ioops |

>
2
:

)
>
>
< S
® . °

Mode Value
D" = 44 (SM,VMD) =~ (3.5 73¢) x 107° | LONG DISTANCE CONTRIBS
D — v~ (SMLHQYPT) (1.0 £0.5) x 10~% |
D" — 4~ (MSSM) 6x 107"

IExperimental results
Mode Value
D° 5 44 < 2.7x107°

Strategy:

0 -0 ) ) —d

DY ) ki amsomxioy | D™ tag: D from D" —=11D

SRR Normalized to D—=KTT
Do — Ay L _)71.07‘.0_
selection efficiency

signal 15.2 % 6.1%

normalization | 12.0% 7.6%
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D—YY: Results

Comb bkg

Comb bkg + D®nr0
Comb bkg + D®mn? +
signal

data

Events / ( 0.01 GeV/c?)
‘—.
»

L
T T4

19 195
m(yy) (GeV/c®

)

Preliminary, 407.5 fb-!

B(D°—yy) <24 x 10¢
x 10 improvement wrt PDG

Main systematics from neutral

pion veto
Systematic a(D" = ~7)
(%)
Tracking (K's) and Vertexing 0.96
Photon Reconstruction 0.60
7° Veto 1.80
D** Fragmentation 0.02
Signal Shape *
Background Shape "
Cut selection *
D" - K=" Signal Shape 0.53
D° = K27° Background Shape  0.01
D? = K?7° Cut selection 0.76
Total Systematic Uncertainty *




__

Look for deviations ;‘rom SM CPV‘ | . .
prediction ?i.e. coming from Charged Higgs | tabibbo Allowed (LA) diagram

or from different weak and strong phases A g x
(PLB450, 405,1999)  —

h‘ )0 5 I\..\’
d

CP Asymmetry

.. _ I(D" = Ksn") —T(D~ = Ks")
P~ I(D* = Kgnt) + (D~ — Kgn~)

SM prediction dominated by K°K® mixing:

Acp = (—0.032 £ 0.006)%

d— —d

Cabibbo Suppressed (CS) diagram

. * Experimental challenges:

N
o
.

Need high statistics and systematics under control

Events/ (1 MeVigd) -

Need to correct for detector induced asymmetry (use of control
samples)

e No PID used

A llALlJLlJLljllj
L AN EM T ) AT TN LE | 82 184 18 188 19 192

m(K$x") [GeVic 7]

| Yield extraction from ML fit to KsTT mass Ns;=807x103 ~ " ﬁomb”{t{)”a' big

|CPP-Istanbul
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Extract Acp from asymmetry in yields:

ND+ - ND'
- =F y Ade
A Now 7 No (Acp. Adet)

FB asymmetry measured with Acp

Dominant systematics:

® bias due to K/TT contamination, detector induced | | |
asymmetry in TT"-TT" control sample accounting for 0.08% | X 4 06 08 1
lcosOp)!

KO regeneration: 0.06%
=L e - ——e——————— ‘ Chen @ Charm2010

Belle(2005)
Belle(2005)
Belle(2007)

Results: st

BaBar(2008)

ACP = (0.44 + 0.134act0. 1 0sysc)

Belle(2008)
Belle(2008)

most precise measurement cabooe

BaBar(2008)
BaBar(2010)
Belle(2010)

BaB?r(zm?)

TR b T o T

hep-ex:10115477 et S o -6.1._;“
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