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BaBar dataset

Charm physics
search for D’—yy and D%—nn® branching fraction measurement

search for CP violation (CPv) in D*—=K mt*

measurement of D, decay constant

Bottomonium spettroscopy
evidence for hy(1P)

Above-Y(4S) scan

measurements of B.—Xlv branching fraction and B, fraction f,
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O Much more then Y(4S):

O

BaBar dataset

530 fb! collected by BaBar @ PeP-II during 9 years of data taking (1999-2008)

sample ii
Y(3S) sample = 7 x (Belle + Cleo) samples T(45) 430
Y(2S) sample = 0.5 x (Belle + Cleo) samples T(35) 30.2
T(25) 145
Off T -resonance H4
Scan above Y(4S)
~ 4 fb! collected in the Vs range [10.54,11.20] GeV
oF 2:8[51“13"%;'”&53:*'”I”“IHHI ]
150 mB i B3B, BB+ E
...and much more than BB: 1-65—: | | E
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Charm physics
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DP—vy and DY—=7an’: motivations and analysis strategy

FCNC, GIM-suppressed charm loop diagrams

SM dominated by LONG DISTANCE

contributions (PRD 66,014009,2002)

looking for New Physics (NP) entering

the loop

Mode

D" — ~v~ (SM,VMD) R~

D — vy (SM,HQYPT) (1.04+0.5) x 10~®
D" — v~ (MSSM) 6 x 1076

Value

(3.5 750) x 1078

Experimental results

Mode Value
D° — ~v <27x107°
D° — 797 (8.0+£0.8) x 107*

D’ — Kr°

(1.22 £ 0.05) x 1072

Reconstruction strategy:
D™ tag: D from D*—D%r*

normalization channel D =K

(dnoeq Ul s90UdIdYRL "0y} + “dX)

SM and MSSM  LOOPS

d, S, b (Zz ﬁi
u & v u C v u
W+, H* % et

SHORT DISTANCE CONTRIBS
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.u‘\x"-fv’\ ,
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LONG DISTANCE CONTRIBS

Ve :\N\

DO—”Y’Y DO—>7TO7TO

selection efficiency

signal 15.2 % 6.1%

normalization 12.0% 7.6%
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DY%—vyy and D%—=a’r® : results

0 mDO fitS:

Comb bkg

Comb bkg + D°—a%r®

Comb bkg + D®—xr° + signal
data

DO—s 7070

Preliminary, 407.5 fb'!
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Events / (0.01 GeV/c?)
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. . 95 2 2
M) (GeV/c?) m(ry) (GeVic)
N = 206010 +304 Nene 6 =15
Systematic o(D° = vv) o(D° = 7n°x%)
(%) (%) ! :
Tracking (K%) and Vertexing 0.96 0.96 RGSUItS'
Photon Reconstruction 0.60 3.00
Ve TS0 - BDO—n70) - 8.4+ 0.1, + 0.4 +0.3 )x104
D*T Fragmentation 0.02 0.03 - X5
Signal Shape ® 0.20 409% mmprovement wrt PDG
Backeround Shape s 0.80
Cut selection = 2.50 0 C 6
% L 7
D" = K.n° Signal Shape 0.53 0.17 @(D Yy) <2.4x10
D° — K27° Background Shape 0.01 0.63 x 10 impr()vement wrt PDG
D = K97° Cut selection 0.76 0.76
Total Systematic Uncertainty * 4.23
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CPv in D"—K s7t*: motivations and analysis strategy

Look for deviation from SM prediction for CPv in charm sector

i.e. W replaced by charged Higgs in CS-like diagram,

different strong and weak phases wrt CA diagram

(PLB450,405,1999)

CP Asymmetry: [Acp

T(DF = Kgnt) —T(D- — Kgn-)

I'(D+ > Kgnt)+T'(D- — Kgn—)

SM prediction : (-0.332 + 0.006)% (mainly K°-K° mixing)

(@

O

Experimental challenges:

need high statistics and systematics effects well

under control

detector-induced asymmetry: treated as correction

factor determined from control sample
particle identification not applied:

avoid bias due to different id efficiency for 7t*/m
yield extraction from ML fit to Kt invariant mass:

N,, = (807x1) x 10°

Cabibbo Allowed (CA) diagram

U
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d d
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s hep-ex:10115477

CPV in D+%KST[Z+: reSU.lt Accepted by PRD, 469 fb'!

L.
O  extract A-p from yield asymmetry:

~

l
N
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I I I T T

ND+ — ND— g
A= = F(Acp, , Adet) 0.005 - -
Np+ + Np-
[forward—backward asymmetry measured together with 4-p ] = ol i
. . . . <
O Dominant systematic uncertainties: ‘
bias due to w/K/lepton contamination, detector 20.005E ‘ N
induced effects in "4t control sample and statistical
: g S 1 | 1 1
error in 4, efficiency map and (+0.08%) 0 02 04 06 08 1
KO-KP° rigeneration (+0.06%) Icos6p|
Chen @ Charm2010
Belle(2005} D° — K*vn®
Belle(2005)- D° - K*ra'*r
% Belle(2007) e D° — x*r
RCSUlt. Belle(2007) - D° — K*'K"
BaBar(2008) —r— D° — a*r
BaBar(2008) — D° — K*K
BaBar(2008) —_— D° — x*x
e = ('044 i k] O )% BaBar(2008) ot D° — KK
CP St Syst Belle(2008) 1— D° - x*r
Belle(2008) — D? - K'K
Belle(2008) —_— D° — x*wn’
] BaBar(2008) — D° - n*xn®
most precise CPV measurement on Charm BzB::(zoos) B[ Bl i
BaBar(2010) —— D° - K*Kn'r
Belle(2010) — D* -Kgn‘
BaBar(2010) - D* — Kgr*
sector reported to date R ‘5‘1;.21)0
cp (X




Leptonic D_decays : motivations and analysis strategy
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ﬁ O  Semileptonic Ds decays:
= G| Ves|*mp mg )"
DDy — 0yy) = —E=t 200 (1= L) 2 f?

O Measure f,, and test SM predictions:

before this measurement

experiment : fy =256.9 = 6.8 (HFAG 2009)
theory : fr,, = 248.0 £ 2.5 (HPQCD PRD,82,114504 2008)

O Reconstruction techinque: inclusive D, sample

Absolute decay rate measurement

New
Idea
\,\

£%

Ves

w*

Vi

Il,‘ (MeV)

200

2005 2

7 2008 2009 2010 2011

N, = (67.2+1.5)x10’
%1000 Sig
E T T T T T T
Charm tag candidate s Y > 30+ .
D y
(Dottl‘ D~(t)' ."\(') e s % § bké
2 e © total PDF
‘ D, 220 -
(pv =p mm) a
)
X > 10 —
| ' B
Flavor balancingK/  Rest of event (from 07785 19 195 2 205 21
baryon balancing p cc hadronization) m (DKXYy) (GeV/c?)
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Leptonic D, decays :

O D, lvyields

yield extraction by fitting m

D —lv yields

PRD82,091103 (R),2010

l=¢/u
m'LSS(DKXﬂYg)
[pe+ T De- —

(pp + Px + px + Py + Do)

l=7
Extra energy deposited in
calorimeter (Eextra)

469 fb'!
require ONE additional track identified as muon (electron)
in D,— tv search remove D,.— e/uv events
i or E_ . distributions
I T T 60 I ! 1
3 i D—uv a) | = D —ev b)
%1001 ' 1%
O bkg © 40
v vy
<= total PDF =
o o
z 20 | z 20
B g
m |’ b m
1 1 1 1 1 gy 1 L
0.5 0 0.5 1 1.5 2 0.5 0 0.5 1 1.5 2
mZ(DKXyu) (GeV?3/ch mZ(DKXye) (GeV?ch
- ! = T -
3 DS%‘E(M)V c) = DS%‘E(Q)V d)
8100 K100
= =
£ =
2 50 2 50
] (59

L xlra

(GeV)

(GeV)

Lum




Leptonic D, decays : results

O Semileptonic branching fraction

Decay g Signal Yield B(Dg — £ )

D; —e D, 70.5% 6.1 + 22+ 5.2 < 2.3 x10~* at 90% C.L.

Dy —u~ b, 67.7% 275 + 17 (6.02 & 0.38 & 0.34)x10~?

Dy —»7 0 (17 — e Devy) 61.6% 408 =+ 42 (5.07 £ 0.52 £ 0.68)x10™

Dy —»7 0y (17 — pu~ Ouvy) 59.5% 340 + 32 (4.91 £ 0.47 £ 0.54)x10~2
340

O  fp, measurement

320

Ll

HPQCD »—@—
CLEO uvy —@®—
CLEO t(mv) v
CLEO tlevv) v "
CLEO t(pv) v

BaBaruv —&—
BaBar tlevy) v —@—
BaBar r{pvv) v —®@ 1
HFAG av. expt —@&—

Channel fp,(MeV) - |
D=, 2657 £84L78 | |
D; —» 17 (e vo)v, ZAR 3= T 3 . |
Dy - 77 (p~ vi)v, 2480012 -5 4 £
Combined 9586+ 64+ 7.5 - |
*
240

1.6 o exp-theory difference

220
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Below Y(4S): first evidence for
h, (1P)
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h,, search (I) : motivations and experimental technique

'P, bottomonium state, axial vector partner of P-wave y,,(1P), expected mass :

my;, = 9899.87 £ 0.27 MeV/c2

study mass hyperfine splitting between

'P, and (<°P>) to test spin dependence of qq

O

O

dominant decay mode: B(h,— m,y )=(40-50)%

experimental technique for Y(3S)—hnt° search:

1025

Mass (GeV/c?)
=

| hj2p) 1,12P)

wrd 7T
+50P60 " .

o~
vas™ \ “w/ |
hi1P / 4 LP]  eoce

v T],T!O

. /
9'5 an ".m //./( 9 )
/ / Bottomonium
1" / . )
E‘— — T T
e S . o
> ".’l LELELEN LA ELEL B DL LA DL LA B
s [ . Y from hy
S 00—, ]
3 [ .. decay ]
2=t . . in signal MC -

L .f. . | . . ]
- N (signal region) 3
10000:— .0-.. —

*oer,
0:..|...|l...|...|.......|... -
03 04 05 06 07 08 09 1

E(y) (GeV)
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hep-ex: 11024565

hy search : FIRST EVIDENCE! {Sulmisat i, % @

'

)

0O Signal yield from %? fit to mrecoz‘l(ﬂ'o) = \/(Ef;(?)s) 5 E:;o)z = (p*0)2

s

|
N
1
| bkg-subtracted distribution

“ x];0|3 l R rb : T T R S TRV R T T — r—r—r—— 11 1 :
§ 2 3000: ©) .
L I —
bkg g = - ]
bkgtsignal || « % 2000 -
E - | > ]

g (5 1000

1.5 W IR A NI AT WA AT N T
982 B4 956 S9BF 995 952 955 996 958 _
ol Lo by by by 1

575 95 o8y 99 995 10 20097598 98 99 995 10
m,__; (1) (GeV/c?) m__ (%) (GeV/ch)

9) Results:

N, = (9145 + 2804 +1082 ) events — 3.00 significance (3.20 without syst)
my, = (9902 + 4 + 1) MeV/c?

AM ;= (+2 £ 4 £ 1) MeV/c?

B(Y(3S) —nh,) x Blhy—yn,) = (3.7 £ 1.1 0.7) x 104 (< 5.4 x 104@ 90% CL)
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Scanning above Y(4S): B.—=Xlv



B.—Xlv and f_ : motivations

O  Semileptonic Bs decays:

_ hepl|

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

LHCb measure ratios of semi-exclusive decays to total inclusive:

BB —(D.,*/D.)XIv) /(Phys.Lett.B 698,14,2011)

O Exploit BaBar above-Y(4S) data: (25.5 + 6.2) x 10> BB, decays

O  abundance of ¢ meson in B_ final states (wrt to B) allow to measure size of B,
component

B(B,~DsX)x B(D,—¢X) = 15%
BB, —X) = 3.43%

— measure f, = # B, produce above threshold / # bb events

O measure B —Xlv adding a high momentum lepton



B.—Xlv and f: strategy

O  measure number of bb, ¢, and ¢-1 events
A

in bins of Vs

fit KK invariant mass (with 1
high momentum ¢/u candidate)

O Relations among yields

(after light qg-pairs event subtraction):

[ @ candidate mass (/s=10.835 Ge\) |

~ r T T T T T T T T T T T T T T T T T T T T T T T 7]
§250 [ Prellmlnary.__
> F ]
gzoo — bkg
@50E
Lo total
100
50
- P
Ba 0.95 1 10

“Ha s
m(K'K) (GeV/cH

Nyp = Ry|fseB, — (1 = fs)eB]

N¢ = Rb[fSP(BSB_S = ¢X)€Bs,¢ = (1 = fS)P(BB = ¢X)€B,¢]
Ny = Ry[fs P(BsBs, — ptvX)ep, g0 — (1 — f)P(BB — ¢ptvX)ep, 44[3)

(1)
(2)

O B contribution measured from Y(4S) data

(o) fs(wf s) extracted from (1) + (2)

O B, contributions in (3) depend on many BF taken from PDG and on B(Bs— Xlv)
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Preliminary
B.—Xlv and f, : results
O Continuum subtracted yields:
| Cofmnuuml sbtracted number of events | [owcnnunuum-mrnchdopdd ] [ Continuum subtracted 3-lepton yield |
B3 2 | BES] | [fm B
g ‘2':: :: Soors _% E::;: j
:j; E 0.01 + '|'++ —E ' + _I. _I,
s E_‘_ *:_-.r-*_ e ot _E + - 0.002]
agf T 3 || e et LT Mttty B ot +
M 7R s W T :fi‘(zcsm T TR T T R TT R TR T &Lsz Y S T % T ¥ BT T R | R T :rLsz
O Results: Y(55) 1
stat on
Semileptonic BF: | y 2
statt+syst
+2 : 113 | Fraction of Bs events | ‘l’
B(B vX)=(9.9" stat t 03Ty I UL R
(Bs — fvX) = (9.9751(stat) 5 5(syst)% § |3 2 "R B 1.1 N NE
P = s bt Preliminary J
Z 0.2 e =
fs : near Y(5S) peak consistency with & o E
- = T . ; 3
on-peak results from 0.1E -1 - g1 -
Belle : f, = (19.3 £ 2.9) % (PRD76, 012002, 2000) | [ f LT 3 LT 1T
E T [ o i nn:h. 3
Cleo : f. = (16.8 + 2.6) % (PRD75, 012002, 2007) | -008f— L1l tlal e 3
-0.15 %] B 'B 1] -
= i D* D* 3
-0'155 Ll a1 by S Syl
10.6 107 10.8 109 11 111 11
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Conclusions
BaBar data taking ended in 2008

Data analysis still very active: > 455 published/submitted paper

final results on full datatset and latest reconstruction code

Presented here some of the most recent results:
Charm physics
O B(D%—yy) : factor 10 improvement wrt PDG

O CPVin D*—=K*: most precise CPV measurement in charm
sector reported to date

O Leptonic Ds decays: exp-theory discrepancy on fpg reduced
First evidence for h,('P,) inY(3S) —=h,7° @ 30 level

Bs semileptonic branching fraction and fs measurement with above-
Y(4S)-scan : data consistent with previous results and theoretical
prediction



@ | [z
— L I

Back-up slides
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DP%—vyy and DY—=a’n®: references

Theoretical predictions

Mode Value Reference

D — vy (SM,VMD) ~ (3.5 1370) x 10‘8 Burdman [11]

D = vy (SM.HQYPT) (1.0+0.5) % 107° Fajfer [12]

D — vy (MSSM) 6 x lO‘G Prelovsek [9)]

Experimental results

Mode Value Reference

D — 4y <27 %1078 Nakamura [13]
Coan [10]

D° — 797" (8.0+0.8) x 107* Nakamura [13]

D° — K%%° (1.22 £+ 0.05) x 10~? Nakamura [13]

[9] S. Prelovsek and D. Wyler, Phys. Lett. B500, 304 (2001),
hep-ph/0012116.

10] T. E. Coan et al. (CLEO), Phys. Rev. Lett. 90, 101801

(2003), hep-ex/0212045.

11] G. Burdman, E. Golowich, J. L. Hewett, and S. Pakvasa,

Phys. Rev. D66, 014009 (2002), arXiv:hep-ph/0112235.

12] S. Fajfer, P. Singer and J. Zupan, Phys. Rev. D64,

074008 (2001), hep-ph/0104236.

13] K. Nakamura et al. (Particle Data Group), J. Phys. G37,

75021 (2010).




Semileptonic D, decays : inclusive yield determination and syst

Inclusive D, yield (normalization in the Ds—lv branching fraction

measurement) :

Split reconstructed sample in

Right Sign : DKX charge= +1, (¢,s) content consistent with being produced with D,

Wrong Sing : DKX charge= +1, (c,s) content NOT consistent with being produced with D,

yiled depends on # of & enetring X reconstruction (ny)

fit 2D histogram of nX- m(DKXY) simultaneously on WS and RS samples

(WS shares same bkg composition as RS)

% XIO\()O T T T T T
>
30 =
Np, = (67.2 + 1.5) x 10° events 2
o —
.
2,
=
Systematic Difference in the B.F. (x10®) | Difference/Nominal g -
WS n’ weights (-0.07,+0.00) (-1.08,4+0.00)% 84
RS n¥ weights (-0.00,+0.00) (-0.04,+0.00)%
D, Signal Shape (-0.09,+0.09) (-1.45,+1.45)% 0 1 1 1 L I 1
Peaking Backgrounds (-0.10,+0.10) (-1.64,+1.67)% 185 19 195 2 205 2.1
Background Model (-0.02,+0.01) (-0.34,4+0.23)% mr(DKXY) (GCV/CZ)
ny Resolution (-0.03,+0.03) (-0.51,4+0.48)%
Signal Photon Backgrounds (-0.14,4+0.14) (-2.24,42.32)%
Numerator background model (0.14) 2.21D)%
Numerator Signal model (0.16) (2.56)%
Tracking E ciency (0.05) (0.83)%
PID E ciency (0.12) (1.88)%
Numerator selection criteria (0.11) (1.73)%
Total (0.34) (5.44)%
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hy search : signal yield extraction

O event selection
expect multi-hadronic hb final state : ntrks > 4, event shape cuts
¥ veto to reduce mis-reconstructed m° and y from i° in the h,— h,y sample
cut on 7° helicity angle to further reduce bkg from mis-reconstructed 7t°
vertex constraints: all trks from same vertex, all nautrals from IP
; 0
O  recoil mass: mrecoz’l(ﬂ- ) x5 \/( :}(35) B ;0)2 = (p;0)2
O divide 9.73<m____(°)<10.0 GeV/c? signal region in 90 intervals of 3MeV/c?
O extract hy, yield by fitting m x10°
Y b T T T | =
> 190F ]
AN 2 ; : < 140F =
O distribution in each bin = "k :
= 120 -
obtain m___,(°) distribution in full 2 '*F E
& 8o =
mYyYy range F E
40 =
O perform y? fit to extract h,, yield 0E =
I 11 i ’ 1 1 1 ' i 11 I 1 1 i ’ 1 1 1 ’ 1 = I = | .
0006 008 01 012 012 016 018 02

m(yy) (GeVicr)



