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Introduction

Instrumented
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« 472*10° BB pairs produced in e*e” collisions at Y(4S) ~ at rest in CM

« asymmetric CM energy (boost 3=0.55) = we can separate the B decay vertices
AE=E;-E,. centered at 0

E;

* exclusive B decays : kinematics variables
-p;  centered at m,

Mg = A Lypeam

« low background :  o(BB) ~ 1/5 o(had)
Continuum contribution measured by off-resonance runs during data taking

 low-multiplicity (~11 tracks /evt) = "easy” to fully reconstruct B decay

* very good particle ID and separation
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Weak signal signature
Decay with p__(one or more v in final state) — lack of kinematics constraints in final state

— background rejection improved identifying the companion B
— kinematics from the companion B

Look for signal in the rest of the event

Semileptonic B decays Fullyreco | Then look for
this side I signal thisside . |
Ex: B —»D*/v B . 1 | B

sig

- PRO: Higher efficiency £~ 0(10?)

« CON: more backgrounds, B momentum
unmeasured

Hadronic B decays (with charm)
Ex : B*»DYX* or B®»D"* X
» X charged system of hadrons : among (K, 0,K )

up to 5-6 charged and 2-3 neutrals »DW i
 PRO: cleaner events, B momentum reconstructed : T
- CON: smaller efficiency € _ ~ O(10° - 107
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ArXiv: A
rXiv:1205-5442 SNEWL
submitted to PRL AN
Semileptonic decays to T sensitive to charged Higgs /H < v
at tree level - less model dependence (*)
Have an additional helicity amplitude H B { g }D

For Dtv, only H__ and H contribute

dly  G%|Val?|p|4? m o q 9 (m3? 3 ;n
—
i 06mIm (|H4+|" + |H-=|" + |Hoo|*) 1+*\T > o
Z_ Phys, C46, 93 (1990)

_Y(B—Drv) « Y(B->Div) M
Test of SM : measure of R(D)= (B o Div) R(D )= YE 5D e

- Fully reconstruct B in B DYX, DX, J/W X (X =1, K modes, n,_< 6)
- B, : reco of D® and e or p + no additional charged particles

 Kinematic selection : g* > 4 GeV?
» Background suppression by Boosted Decision Tree (combinatorial and D**v)

. E_ . 1 important variable but has large uncertainties B(B® — X,0-5,) ~ 10.9%
- Not used in the fit D¢ 5, ‘ D“fzﬂ“rﬁz 777
« MC correction based on data distributions I 2 L L%
. Fit unbinned M. L fit on 2-D distributions:
= (P -P__-P)*> , P* inBrestframe
miss et+e- Bt ag D(*) / /
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Full BABAR dataset : 472 million BB pairs

4 signal samples : D%, D*°/, D*I,D*'l (I=e or )

PDF's from MC
Fitted Yelds : 4 D%tv Signal + 4 DYV Normalization + 4 D**/v Background

Fixed Backgrounds : B°-B* cross feed + BB combinatorial BG+ Continuum e+esff(y)

D0z Dty Dty good consistency
Stat between charged
error Nisig 639 + 62 245 + 27 888+ 63 and neutral modes
only || Significance (o) 11.3 11.6 16.4 _
Isospin
constrained fit
?3? E B 10<=m? <120 GeV?, D¥ ' g:"
100- E . !
3 s T et | g el
E [ . EDlv
SO N T - \HD=wy
= H i . s Fixed --Bkg.
e = ¥p) m2miss > 1 GeV?2, D*
. p*, (Gev) § ml:_ +
% % aoF 10=m?,_ <120 GeV?, D** s [ +’H. +
é. é o ~H' E 40— -}- +
; i Y
: : o !
i .
iT] - ++
O S it i
0 05 1 15 2
p* (Gev)
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4 signal samples

PDF's from MC
Fitted Yelds : 4 D%v Signal + 4 DYV Normalization + 4 D**/v Background
Fixed Backgrounds : B°-B" cross feed + BB combinatorial BG+ Continuum e*e’ aff(y)

Full BABAR dataset : 472 million BB pairs
:D%,D*[,D'I,D*| (I=eorp)

good consistency
DYry Dtry Dru between charged
Stat and neutral modes
error || Nsig 314+ 60 ke o 489 + 63 First>5 o
only || Significance (o) 5 6.1 ‘/ observation
R(D) 0.420+0.082 04694 0.084 | 0.440 £ 0.058 'SOSF;in_ -
constraineaq i
- D¥*tv
rﬂ; = i =m? 2 ; “Drv
3 3 zm_ . 10sm?_ <120 GeV F:E:;r; ED*1v
9 g i Rty EDlv
% § ED**}y
; B Fixed --Bkg.
%15053} m2miss > 1 GeV2, D
PG =
SUsES PO !
EN: S 10sm?_ <120 GeV?, D* 3
e 80f 2 100~ Momiss ’
§ « s gl P %m+
S % s + 5” +
2 aof E 50 - %
P i o TL hr
o L — 115 2 ﬂt?m o5 1 IEW
p*, (Gev) p* (Gev)
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Comparison with previous measurements *
S\ Average SM Average R(D) R(D*)
— gﬁﬂg(ﬁ s — 535M BB BABAR 0.440+0.072 0.332 £+ 0.029
Bttt | B BaBac 008 P— SM* 0.297 £0.017 0.252 +0.003
0424013 00:00 | T 232M BB
A 200 2.70
ol | 04T 00 —t— | 657\ BB S ——
Belle 2010 | Belle 2010 - - Fhys, C4b, 99
134:01 | ¥ 0432 009 fi— 65TM BB PRD 82, 0340276 (2010)
< | (m 0, B0
03 [ B T
R(D*)
o 045
R(D) and R(D*) correlated (-0.27) a ¥

o ~ 04
Combination yields x*/NDF=14.6/2
i.e. Prob=6.9 x 10! 035

Data exclude SM by 3.4 ¢ !! 03

0.25

Including syst errors
B - Dtv : 6.8 o significance

C T T 1 | [ glatmlenls
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Individual measurement exceeds SM by > 20 : 2Higgs Doublet Model may explain
excesses individually.

A charged Higgs (2HDM type II) of spin O coupling to t will affect H

fi’g \\ + D1v

HtQHDM = HESM > (1

Combination of R(D) and R(D*)
Inconsistent and excludes type |l

2HDM with a probability > 99.8% O
In the full tan2[3-mH parameter émi_
space !! 03

(provided m > 10 GeV)

0o 02 = oA/ 06 08 1
tanf/m,; (GeV™)

2HDM changes kinematic distributions as a
fct of tanp/m,, hence the efficiencies change
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arxiv:1112-0702v1

Parton level

£ Hadron level

_g* =dilepton
% INV mass

X, X Mx = hadronic

Simple at parton level mpoli hadron level :
complicated at hadron leve inv Mass

Semileptonic tree-level B decays provide the cleanest environment to study V

Experimental challenges :
- Large B » X /v background (~ 50 times larger)

- Variables like M, and g° require full event reconstruction
e Background BF, bkg and signal distributions not that well understood

Theoretical challenges :

* OPE convergence destroyed in limited phase space

* Rates are sensitive to b-quark dynamics inside B meson.
« Uncertainties in input parameters

Fully reconstruct B in B- DYX (X =1, Kmodes, n <6 charged + < 3 neutrals)

— kinematics and flavour of BSig known (high purity,low efficiency O(107°) )
Look for a lepton (p* > 1 GeV/c) and neutrino (missing momentum) in BSig
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Full BABAR dataset : 472 million BB pairs

Precision of V_limited by theory uncertainties due to phase space cuts
Performed a (M, , g°) 2-dim unbinned ML fit without phase space cuts
(except p* > 1.0 GeV - 88-90% of phase space where theo uncertainites are smaller)

- B I | | | I_ [ | | | | ]
o | ] ::. — -
ﬁ 500 i |> * ] 5 300 B | Data bkg
2 200 |~ — en 200 | subtracted
5 B i 2 100 - 4 Not efficiency
,E 100 = :" ] corrected
£ o |

0 | . | . D -100 b | . I

0 10 20 0 2 4
g3 (GeV?) M, (GeV)

AB (B - X [v) (10°) = 1.80 + 0.13 stat + 0.15 syst + 0.02 theo
‘ IV | =(4.31+0.25 exp + 0.16 theo) x 10 [avg 4 QCD predictions *]
Systematic error mostly from B X /v and BG simulation
BaBar measurement in different kinematic regions agree !

AB(B — X, fv) * BLNP : multi-scale OPE based on SCET NP B699, 335 (2004)
|Vub| = DGE :resummed perturbations theory JHEP 0601, 096 (2006)
TB &Fthmr}, GGOU : large range of distributions fct. JHEP 0710, 058 (2007)
ADFR : partial BF in terms of [V_[?/|V_|? Eur. Phys. J. C 59, 831 (2009)
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Preliminary SNEW<

_?/".-“'ﬁ""l\x
SM : B° - vv decay suppressed by a factor (mv/mB)2
BF(B° - vvy) is of the order of 107

v

In SUSY model BR(B® - Invisible) can be enhanced up to 107-10° due to

neutrino+neutralino production in the final state
A. Dedes, H. Dreiner, and P. Richardson, hep-ph/0106199, Phys. Rev.D65, 015001 (2001)

d 2z N d———xX) A
>*< dr, ¥ br ¥
b Vi b e 7 b D E—

Semileptonic tag: B __in B . DOy
Look for consistency with an invisible(+y) decay of the other neutral BSig

Fabio Ferrarotto 4. Workshop on Theory, Phenomenology and Experiments in Flavour Physics@ Anacapri
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Most discriminating variable : total residual energy - unassociated clusters in the calo (E_

Events/(0.03 GeV)

Full BABAR dataset : 472 million BB pairs
tra)

Unbinned Maximum Likelihood fit to Eextra

Mode Nsig Nhkg L
B  invisible 99+ 0 334+ 21 B" - |nV|S|bIe(+y_) corlltrol sample
B® — invisible+y —3.14 5.2 113 4 12 . NO sigha
gosf- B*—=Invisible g o B*—=Invisible+y
o i
. Inwmble " Imf|5||::|e+ '!’ % ]
EIII|III| N Illlllllz:-';h_llllll.l T IIII 10’ 2J J ll
35F|— Total BABAR 1 8 [|—Tou BiB»iR i lﬂﬂ“ljrldrﬂﬁ HJ[ % LHI iﬁﬂﬂ il lUllJ Hm“" Hlll *JI
30__ Background _E "3 Background i S ff o o
E L Blgna] E %15? o 51g]131 ] X 5254 o6 o8 E‘:,l_(GeVJ R 62 0E T 0E 08 E:‘:-(Gedj.z
255_+Data _E % [ |— Data
20F 1 4 ¢t
1'[]_— m

1 order of magnitude improvement
over previous limits:

B(B® — invisible) < 2.4 x 107°

Fabio Ferrarotto

0= B(B® — invisible +v) < 1.7x107°
1 1 | 11 1 | [ 1 | 1 1 | 1 1 1 | 1 | 1 I
08 1 12 0 02 04 06 08 1 12
Eexma (GeV) E..pr, (GeV)
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Submitted to PRD
arXiv:1204.2852

Tree-level Flavor-Changing Neutral-Currents (FCNC) forbidden in SM i"’
Well-motivated extensions of the SM include LFV in FCNCs : e g
— NP may enhance interactions coupling to 2nd and 3rd generations . !
Phys. Rev. D 44, 1461 (1991) Ps,
Mbs

tn

Experimental constraints involving T in B meson decays weak b
— difficulty : reconstruct T daughters (involving neutrinos)

From Black et al.* on t-u flavor violation, using full BABAR data and expected sensitivity

on B(B* - K*tu) the NP energy scale in FC operators can be pushed to A > 15 TeV
* Phys.Rev.D66, 053002 (2002)

8 final states looked

P Biag
Fully reconstruct hadronic B - D" %X decays / .

(&
Determine B, momentum known B, momentum . —_ E)
Combinatoric background rejection performed with likelihood ratio ‘:’ *

Studied 3 single prong T decays (e,u, 1t [20 1]) channels ___;TB,___ig
Fully reconstruct T invariant mass using E___in Y(4S) CM frame ¢

Fabio Ferrarotto 4. Workshop on Theory, Phenomenology and Experiments in Flavour Physics@ Anacapri 14



20 MeV/ic”

Events / 1

Results for all modes :

B—=Ky*

first time measurement

= ey
L L

=]
T TT

{20 MeVic?

Arh, Units

Events / 120 MeV/c?

Events ! 120 MeVic?

for these 3 decay modes

Baxty

(=
=1
T

[
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16

13

m, (Gl
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Ewvents /
i y

20 MeV /e

-
=

Ewvents /1

R e N N B
AR ARRRLNIAERERR RN R R AR R R N

s - L 0 0.3 1
m. (GeVic?) m, (GeV/c?)
B—Kre B—Kte ta s
BorTe
_| L | TTTT | L | TTTT | TTT | TTTT | TTT4 |'l_ 1.4 | T | TTTT | TTTT | LU | TTTT | LI
S:— 327t ] By FTT T T T 1 T T iy
e . E RN E =0 - z
TTE: 4 = BEE2 3 2 15F s 2 3
5 .;-‘_ i ] E :.;-‘_ ] s F e 3
£z JﬂL‘L Y| = S s i ! = |
F <" 1 - 27 [ I - - -] ~
.S CTTIE 18 2 3 G up T oM<l —lna o E
E m, (GeVie?) = a5 1 . A 3
F o = F m, (Vi) | g 3
45_ @ : :I:': :“ h E
3 OBk 'y 3
6 =
iE E ‘\‘ 3
i 3
E :l 11 ' ' | |:
! I}EI 2 15

m, (GeV/c?)

Signal region : m_x 60 MeV
Count events in T regions : No evidence for signals
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B (B - htl) (x10°)

Mode central value 90% CL UL
B" - Kt~ +0.8 +11-f <45 Conservative constraints on NP parameters
= from “clean” modes
B - K'Tw 04 4 <28
— Used Feldman-Cousins UL
B" . K'tet +0.2 *21 <43
-1.0
B* - K't'e® -1.3 +11-85 <1.5
= Black et al.* : estimate NP energy scales for
B" - mTu”  +04 Sl <62 3 generation flavor changing couplings
+ ot 2.6
B" -~ mryw- 0.0 P> <45 BB - WTW)<62x10° - [A >12Tev
B - e’ 28 24 <74 B(B" - KTW)<45x10° ~ |A_>15TeV
B" - mt'e -3.1 f22-14 <20 * Phys.Rev.D66, 053002 (2002)

1 order of magnitude
Improvement over old limits

Fabio Ferrarotto 4. Workshop on Theory, Phenomenology and Experiments in Flavour Physics@ Anacapri 16



Preliminary SNEW<
Jdz =468 fb*

FCNC decay highly GIM suppressed in SM.
Long-distance corrections raise D°  utr BF to as high as 102 within SM

BF could be enhanced by many orders of magnitude by NP.

Sensitivity with full dataset and improved analysis expected to be ~10~7

> DY candidates from D™ — D°rt to reduce combinatoric BG.
* p*(D° > 2.4 GeV to remove D° from B decay
> Lepton particle ID to help BG separation

> Combinatoric background mostly has real leptons in it
« BB background : Fisher discriminant ,continuum BG : helicity angle cut

> Peaking background from D° - h*h-
e D° LK and D° - K*K- modes are far away in m(D°) (not a problem).
e DY - rmris a dominant BG for the D° - ut1r mode.

Fabio Ferrarotto 4. Workshop on Theory, Phenomenology and Experiments in Flavour Physics@ Anacapri
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Very few events survive all cuts -- use cut-and-count approach
Normalize signal BF relative to D° - 7t

D% 5 ete™ DY — utu— D% — et T
[ D°— [Tl D°— e
En.us '—’" S ! - - En.n-s-— . " -_,:- E En.na = = . ’ E.. i
. s LT - DU
0146 : - 0. 146 A .;:':’:. : :E::] i 0.146 -:. ] ) . :zi i
0144 gg"af ' iSfdeband. 0,144 .,':_' :_.i_ o.1as | ¢ " E
1.7 1.8 18 uﬂmaf’aeu 1.7 1.8 1.8 Dﬁmsigeu 1.7 18 1.9 Dﬂmsicev
D= e'e D’— [Ty Ty D°— e“' -
i [ 1 | |w | IrL i _5
g e L el [ %
[ S IR I LT I P L Y
e R Jﬂ 2l il pnEl Yanlleld
1.7 1.8 18 DDMS:_BE\, 1.7 1.8 1.8 Dnmmil'gev 1.7 1.8 1.9 Dﬂmgi Gev
- I:I"—;:a-*e‘ . . . - Du'—‘-lvup. - D“—;o" ™ i
5 J | 2 ! 5 |
; U g S |
B ool H_‘ H{H 1 % —u : f H JI
© N § - B ’_|J FL L]
nomninle el ah ol
Mode . NB(; Nubs ng, 90% CL B@g
D°—ee [10+04+04] 1 [ <17x107 [(0.1737) x10°7
D°— ptu || 394+04+05| 8 |[[0.6,8.1]x1077 | (3.3 +28) x 1077
D° — e*p¥ || 14+03+02| 2 <3.3x1077 0.5 T33) % 10~7

Fabio Ferrarotto

Am = m(D*) - m(D)

Combinatoric BG
in signal window
from upper SB

Peaking D° - rt 1T
in pu signal window
from misid rates
measured in data

For pyu channel
Feldman-Cousins UL
procedure results in a
2-sided 90% CL interval

4. Workshop on Theory, Phenomenology and Experiments in Flavour Physics@ Anacapri
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UT constraints

Tests of SM and NP

General striking overall consistency of

1.5_|||||||||[-|||

excluded area has CL > 0.95 .

1.0

CKM
C_filt
Summer 11

Constraml from B" — t* v, and Amd
1 [ L1 1.1 ] 1 1 1 I 1 1 1 1

BR(B — )

-1 .5 | | I | | 1 ! 1 | 1
=1 .'ﬂ -0.5 0.0

IV | exclusive (D*Iv)
|V, | inclusive

|V .| exclusive (17v)
|V, | inclusive

Another problem : B - tv

1.0 1.5 2.0

b
V_| =(39.04 +0.55 + 0.73)
V_| = (41.88 + 0.44 £ 0.59)

V| =(3.28+0.18 +0.24) - 10°
V. |=(4.41£0.15+0.17) - 10°

V |=(5.0£06)-10°

However .....

some measurements show “tensions”
0.30 i—‘!r-'r-v S N B S S N M, ,_,E',I_"'"'"“':Ln

; 1 Mos
e :f .| 0.8
020 ::_ __ 0.7

F | Bos
0.15 'l_— —: 0.5

04
o010 '—— i |

L 0.3
0.05 : 0.2

r S
000 t L | L § a4 | o s I[I_D

0.5 0.6 .7 0.B [1K:] 1.0
sin 23

-3
10 544
103

2.70

V_|=(4.31%0.25+0.16)-10°

Caveat: based on BF average of
4 low statistics measurements

.. and now also the rates for B . DYtv exceed the SM by 3.4 ¢

Fabio Ferrarotto
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Study of leptonic and semileptonic decays continues to be a very active area
for both theory and experiment and has recently greatly improved

* Use of B tagging technique : substantially reduces backgrounds + improves systematic uncertainties
- Major improvements in analysis + larger data sets : reduced uncertainties on BF, [V _[and [V _]

« Stringent new limits on rare and forbidden B decays and New Physics

Yet found no evidence for New Physics : overall consistency of UT constraints

BUT

some "tensions” are visible :

> values of inclusive and exclusive |V |and [V_| differ by more than 2 sigma

>B((B-1v)[vssin2BandV ]donot agree with SM expectations

> A significant excess of events has been observed in B - Dtv and B - D*tv
> cannot be explained in terms of a 2DHM of type Il

Statistical fluctuations, unknown systematic uncertainties
or hints of NP around the corner?

Fabio Ferrarotto 4. Workshop on Theory, Phenomenology and Experiments in Flavour Physics@ Anacapri 20



Impressive number of new results from BaBar [and Belle] still produced
BaBar still well and alive long after end of data-taking (2008)
Physics Book of B-Factories in preparation by BaBar and Belle jointly
SM very well verified by UT constraints
BUT

"tensions” present : NP could be near

We need more data and better precision
Major advances are expected from LHCb and
future B Factories !

Fabio Ferrarotto 4. Workshop on Theory, Phenomenology and Experiments in Flavour Physics@ Anacapri 21
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Backup slides

4. Workshop on Theory, Phenomenology and Experiments in Flavour Physics@ Anacapri

22



Exclusive reconstruction of B decay;
kInEmﬂtIC constramt from beam energies

L24F

—F 100 Mb{: | ,JE
o or Ngg beam pB

e mESJ [aE=E.-E]
.

JLAMEN

beam

= u-1---"|---''—f'l---ll—-----.--—ru—--l-—]III
= oo bo : - .

YLIMC . e AE
a5 b . A - -- _%;- swdd L, I

0 Coan - 3 1 . | - I :

25

Sk
s OF . B T

- - - ‘ i

-1 o : oo =

PSR i Sl ST, BTEREE L S A SRS = [P PEETT RTUTE FTI NTHTH ITWEY FRETH T RTTEE
2.2 3.22 5.24 5.246 3.28H O 10 220 30 448 50 &0 O BN D

Continuum (qq) bkg suppression

Topology:

Angular

distribution:

etem —T(48) — BB | eTe™ — g7

*

P, ~300MeV/c

e Y(4S) (17, B T )
E‘+>_-__}\< — E+>W\ q-

B
J.=0 - P-wave J=1/2 - S-wave

Multivariate analysis (NN, Fisher)

K/n separation: Cherenkov angle + dE/dx

Ean.:-m- (b) .
| | I Excellent
omP=—""" ____¢{ separation
| g | between
0.8 -
| 1.5and4
0.78 | GeVlic
CRCIE TR TRV R T
plGeVic)

Flavor tagging

R‘\
Coherent BOBO production

Boost fiy= 0.55 allows At measurement
Leptons and kaons tag flavor of other B
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B (B - htl) (x107)
Mode central value 90% CL UL
"L Ktpt  +0.8 19 <45

Avg of B (B-> ht/) assuming

-1.4 B (B-> htl") = B(B-> htl")
+ et - +1.4
B" -~ KTH 0.4 09 <2.8 B(B — hrt) (x107°)
B* _ K're' 4102 +21 <43 Mode central value 90% C.L. UL
-1.0 BT Ktrp 0.0 T3] < 48
B" _ K'tee -1.3 *15 <15 BT+ K¥re —0.6 715 < 3.0
18 BY & xtrp 0.5 T35 < 7.0
B - T[+T_“+ +0.4 :l-23..ol <6.2 Bt - xtre 2.3 '_EE < 7.5
B* -~ 'y 0.0 +26 <45
-2.0
+ ot +2.4
B" - mM1e 2.8 <74
19 Conservative constraints on NP parameters
B o ITtle” 3.1 24 <20 from “clean” modes

2.1 Used Feldman-Cousins UL

Black et al.* : estimate NP energy scales for 3" generation flavor changing couplings
B(B" - TMTU)<6.2x10° - | bound on N, >12TeV * Phys.Rev.D66, 053002 (2002)

B(B* - K'Tu) <4.5x10° - |bound on A_>15TeV

Fabio Ferrarotto 4. Workshop on Theory, Phenomenology and Experiments in Flavour Physics@ Anacapri 24



Theoretical challenges :

* OPE convergence destroyed in limited phase space
* Rates become sensitive to b-quark dynamics inside B meson.
- Unknown higher orders terms in a_and 1/m_expansions

« Shape functions (SF) — to be extracted from data
- Leading order in 1/m_: universal SF

« Order /\QCD/mb: several subleading SF

e Uncertainties in input parameters

. m :total rate T ~|V_|*m ° , partial rates AT~ |V_[*m *°

Fabio Ferrarotto 4. Workshop on Theory, Phenomenology and Experiments in Flavour Physics@ Anacapri 25



Systematics of R(D) and R(D*) Measurement

Systematic errors

Source Uncertainty (%)
R(D) RD')| p _ _
D** fv background 58 271 062 ° Q**I v: conservative 15% constraints +
MC statistics 5.0 25| -048  fitto Dtsample
Cont. and BB bke. 4.9 27| -030 °Limited MC signal samples 2-dim PDFs
BB 26 16| 022  ~2000events
Systematic uncertainty [ 9.5 53 | B05 ) argest errors are Gaussian distributed !
Statistical uncertainty },3_,]s (.45
Total uncertainty 16.2 9.0 di@
=t~ correlation !
Decay R(D™)
BT — D"r o, 0.429 + 0.082 + 0.052
B — D¢ 7, 0.322 4+ 0.032 4+ 0.022
-BY - DY+ T, 0.469 4+ 0.0584 4 0.053
B - D*Y+~ 1w, 0.355 4+ 0.039 + 0.021
B — Dr 7w, 0.440 + 0.058 + 0.042
B - Dr T, 0.332 4+ 0.024 4 0.018
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