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Motivations

@ SCmi]ePtorzic decags Provic!e the most Precise determinations of \/xb (x:c,u)

¢ |V,
~ aunitarity triangle
- TONC o« [VipVis| = [Va[2[1 + O(A%)]
~ Kaon (T ex=z|Vy|*+ ..

o V. V.|

—  the side opposite to sin 20,

sets the sca]e For:

@ POV test

— 3rd generation cou ling
P — Larger sensitivity to new F}‘:ﬂsics effects?

— New form factor
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Event level

@ Fu”g reconstruct the tag 5 in more than 1000

hadronic final states

® (almost) unbiased measurement side, with :

a b
o x10° ) wen x103
= P = 350 g_ u'rm“",, g E_ :ﬂz
P ﬂ /\//cas P # Y(4’5) P #T‘ag E 300 M~f -: g 200 ;_
= 500 £ el | B 50
4 5] 150 E— ) 100 f_
— 5 - va/ﬂ': full v reconstruction S 100 £ o
€ 50 F =R
> E i . i i > E i i i i
[T w 0
, . , , 524 525 526 527 5.28 524 525 526 B2FT 528
— 5 —>va: im!:)roved bck rejectlon) Par’mal My [GeV / My, [GeV / ¢
, c d
reconstruction oF the event . «108
b 180 [ b 140
= E s 100 F
120 £ E
@ Be”c (onlg}: S 100 | S 80¢ :
5 80 F 5 60 Fr—cmassica Y
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Hicrarchical Neuro Based algo g |33 Al s LN
_ 2 : : : il 8 ‘ : :
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My [GeV / 2] My, [GeV / ¢2]

Perpomances bg ~x 2

Blue points : HNB selection
Red points : old selection
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Theoretical tools

FParton | evel 'A GZm3(1)

be

T rivial cliagram, as for clecag
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Theoretical tools

FParton | evel f [Hadron |_evel £

be

ladronization and other QD [T fects ﬂ Xx
@ ]nclusive decags (B -tV XC/U>

— Operator FProduct Expansion " Ocsancl AQCD/ my,.

® | xclusive &ecags (B-=2tvDo/7m)
— [ormfactors from | attice QCD, Light (_one Sum Rules

o Fit measured spectra to reduce theoretical errors
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® Sizable QCD corrections to simple 5 s

G4m
D =[Vy 2L

spectator mo&el

Q Computccl with OFE + PQCD

cxpansion In powers of .

04

S

,z
- ::1—3% (zgm( ) “"f‘) eV (r) + )
26 () 40+ )
N ;_3.’.@:3 (zg])( \ asfz) zél)(*r)Jr )
+% (y:go)(r) ai&iyé”(r) + ) + ...
K= Mg —my,

pz = —(B[b(iD1)*b|B),

ug; = (BIb(iD! ) (iDY )ouwb|B) .

pd = (BIb(iD,,)(ivD)(iD )bl B) ,
pis = (BIb(iD'!)(ivD)(iD{ )o,ub| B)
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Sizable QCD corrections to simple 5y s
del P oV CET W s )X
spectator mode —|Veb 19273 ew
2
Compute& with OFT + PQCD z{go) (r) + s (1) zél) (r) + (CES?EEL)) 382) (r)+---

expansion N powers of

- .

S

o i/rnbj i/rnc

I7it to spectra allows the determination

o1C unimown operators

I7it in fact moments to smooth

A= Mpg —my,

resonances away #23 = —(?I?(iDL)_QbIB>;

Hag = (B|b(2Di)(ZDi)qub|B>a

pd = (BIb(iD,,)(ivD)(iD )bl B) ,
pts = (B|b(iD)(ivD)(iD¥ )0, b| B)
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|V |from b—X t'v: measurement

@ Urstaggec} measurements : ]arge data size

1 dl’
E}y= —— / E}) — dE,,
( E> FEE:"Ecut- Ef}Ecut f dEf E

) Taggcd measurements Provicle :

, ) n - 1 / 2n ﬂ (I 2
— € moments in B rest Framc (msteacl O]C Y(‘%S)) (m¥x') Ee>Bout " mX

X 2
‘T‘EE}E{_M dmx

— X_ moments from residual hadrons in the event

vru wru 1600
- a) PO % 1600 Belle !% 1400
60001 . :“. ". § ig Il E; > 0.7 GeV § 1200 Il E}> 1.1 GeV
B Tt * S oo = gmix“w g 1 :
L - - ‘ O B—=XJv P
I~ - 'E 800 fake/secondary -E
m_ E - £2 combinatorial E 600 4
=2 B 600 F
z | me £ N -
- 2000 200 " 200
= B 0 Bt e cacs o et AT ey
W - 0 10 15 0 10 15
- I~ 2 2 2 2
z M;i (GeV/c") M; (GeVi/ch
£ 20000 - + Data ) )
2 - - [ e from same B = T o
= o . [ Fake electrons =z 1000 -  m
L 15000 - N Dalitz ; wo I Ey>1.5GeV ; N Ey>1.9GeV
epton i - Conversion < <
p 10000 - Il Continuum P 3 HadI'OI’l
r = c c
Spectra - Spectra
5000_— # +.i- 100
(untagged) "t w - ( )
gg T —_— ‘| tagged
(b D.s 1 1 5 2 2 5 0 ""' 15 0 0 10 15
p*[Gf:VfC] Mz (GeVcY) M (GeVrch
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|V |from b—X t'v : results

Circles : BABAR

Triangles : LEP, CLEO
cg-'\ 1 T T T T T T T T T ] cq—" . | ! ! ! ! | |
% I | % N Example: |
O) O_ @) 4.6/ 27d order hadron mass moments _|
A\ - n VAN
o i ] o X
~ ] =
L —001F- :
w- )
v L ]
f Summer 2016 : | Summer 2016
—-0.03 Example: - 4l _
3™ order electron E moment | B ]
L1 ] | | ‘ | ] ] 1 | | ] | [ L . ‘ . - L L | . L l -
0 0.5 1 1.5 0 0.5 1 1.5
Ecut (GeV) Ecut (GGV)
Br(B -> Xclnu) (%) | [Vp| (10-3) | mpKi® (GeV) | mu?p; (GeV?) [
10.65 +/- 0.16 42.19 +/-0.78 |4.554 +/-0.018 | 0.464 +/- 0.076 [
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|V |trom b—X 1v:results

® HFLAV averages :

cg-'\ T T T T T T T T T T ] cq—" | |
% I | % i Example: |
Q) O_ O 46 27d order hadron mass moments _
VAN B A\ 4
- X
~ | =
Ll _0.01- Consistent results with
Ny . . .
| - alternative parameterization :
LLJ -
= i V| = (41.98 £ 0.45) x 1072
—0.021- mlS = 4.691 + 0.037 GeV
N A1(1S) = —0.362 & 0.067 GeV?,
- ummer 2016
—-0.03 Example: - 4l _
3™ order electron E moment | i i
[ ] | | ‘ | ] ] 1 | | ] | [ 1 ! 1 ‘ ! | | 1 | | 1 l 1
0 0.5 1 1.5 0 0.5 1 1.5
Ecut (GeV) Ecut (GGV)
Br(B -> Xclnu) (%) | [Vp| (10-3) | mpKi® (GeV) | mu?p; (GeV?) [

10.65 +/- 0.16

42.19 +/-0.78

4.554 +/-0.018

0.464 +/- 0.076 {
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Phase space

L5 — 0t = SETBIV 7 1) (Pl o

1 mIZ;B_mi)_QZ <V B t W= 1
— w VBVMD szmD = ¥Y¥p (Brestframe) .
J J w
~  wmapped onto 2(w)=(w+1-v2)/(Vw+1+y2) <®—.__—v_: (max)

® 7 w) represent the (unimown) form factors

Fower series cxpansions zn

— HQET:EOUH&S bctween Parameters
LQCD F(l) _ 1+O(m3—mp AQcD) — 1+O(%)

mg+mp m,

® Extra!:)]ation to w=1] Provides F(1)°|Vcb|
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|V | from B— DYfv : theory

Phase space
dar’ G? Fm o

d AS T CAR-3 |VC-5| ‘new@g Form Factors
w

(B — D*flﬁg)

@ D (Pseudoscalar> :

- .0=3/2: helicitg SUPPFCSSion ear e ] @  :
OHC form factor: g(z) = g(l)(l _ SPQZ + (51}92 _ 10)22 _ (252p2 B 84)23) @el’

Form Factors from :
Caprini, Lellouch, Neubert (CLN)
Nucl.Phys.B530, 153 (1998):

Use Heavy Quark Symmetry to
constrain higher oder parameters
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dl’

dw

@ D (Pseudoscalar> :
- .0=3%/2: helicitg suPPression near w= | L2
One form factor: §(z) = G(1)(1 - 892+ (515* - 10)2* - (2529 - 84)z

@ D* (vector}

(B — D*flﬁg)

Phase space

F B V 2 Form Factors

- .o=1/2: ]arger event rate near end m’c \gey
T hree helicity amplitudés tf£) . >, (&)

ha 1 (‘U)) -
Ry (w)
R2 ('LU) =

ha,(1)[1 —8p%2 + (53p* — 15)2° — (231p
Ry(1) = 0.12(w — 1) + 0.05(w — 1)?
Ry(1) +0.11(w — 1) — 0.06(w — 1)?

o Angular analgsis, in addition to w, to determine K., K,
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2 —91)2°]

Form Factors from :
Caprini, Lellouch, Neubert (CLN)
Nucl.Phys.B530, 153 (1998)
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@ State of art: tagge& events

— ]mProve kinematic g-m
~ Reduce D }Dackgrounc! (with missed TE/Y) .

® PBABAR (PRL 104:011802 (2010))
- 460 M PP, 3200 signal events

) Be”e (PRD93:032006 (2016) )

— 770 MPD, 17000 signal events

" I B - D

B - D'
[ 18— D"
B BB + qg
[ fake lepton

|JI.I.I|JlIJ|.II.I.I

1001

1.2d =w =< 1.30

ll]ll.ll

@ Signal tag : (missing mass)? (= m,2)

cr w data 1:?350 = data
%m [18—Div % [18—Div
O} Bl 5 — Dy o} Bl 5 — Dy
@ 140 [ other background o a0 [ other background
[=] o
) ) 250)
312’0 1.002w<1.06 S. 1.36=w<1.42
— —
¢ 100 o 200
= =
o] @
Lﬁ 80 Lﬁ 150
60
40)

15 15
2 2

M (GeV) | M

miss [ mizs [
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|V | from B— DTV :results

B® = D%y, B* D%y, B'aDewv, B'oDy'y,

B — D% iy B' = D' B - DI B = Dy,
gz(lllVabl 10° 41.7£21 £13 45.6+ 33216 430+ 19414 newG(1)|Vi [[107%) 42314194 45484196  A184+214 42994218 | 4220+ 1.37
ﬁ Ll4x Uﬂéiéiﬂ-“‘* 1-2%005;3*“-0“ 1.20iﬂoéggin.n4 o 1054008 1224007 1014010 1084010 | 109+0.05
X?;;ldf 3.4/8 5.6/8 9.9/18 Correlation 0.81 0.77 0.8 0.84 0.69
Sional Vield T T . new|Val[1079] 40044186 4315189 39694205 078200 | 40.12+1.34
S0) @ mey| (199£0.02) x 1074 (109 £0.02) x 10~ - X fnas 2.19/8 2.71/8 9.65/8 4.36/8 1"
(2,314 0.08 £ 0.09)% (2.23+ 011 £ 0.11)% | (2.17+ 0.06 £ 0.09)%  Prob. 097 095 0.29 0.82 0

Q(1)1+C)(

mpp —MmMp AQCD

600

e

w
=1
2
&
a
=
w

200

L B Y IR |

mp+mp Me

) = 1.054 £0.004 £ 0.008

FNAL Lattice & MILC Coll.
PhysRevD92, 034506 (2015)

s 40 Bell e

%ss i 12 R Belle

5% TN Babar :
2 . FNAL/MILC |
2 ' HPQCD :

-

08+

07+

{:o rm factors

[PRTRETEN VRSN ANASTATI AVRTAArS AVATATAE AT A 0.6

0.00 001

0.02 0.

03 004 005

w form factors f,(z) (upper plot) and f(z) (lower plot)
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|V | from B— DTV :results

B® = D%y, B* D%y, B'aDewv, B'oDy'y,

B — D% iy B' = D' B - DI B = Dy,
gz(lllVabl 10° 41.7£21 £13 45.6+ 33216 430+ 19414 newG(1)|Vi [[107%) 42314194 45484196  A184+214 42994218 | 4220+ 1.37
ﬁ Ll4x Uﬂéiéiﬂ-“‘* 1-2%005;3*“-0“ 1.20iﬂoéggin.n4 o 1054008 1224007 1014010 1084010 | 109+0.05
X?;;ldf 3.4/8 5.6/8 9.9/18 Correlation 0.81 0.77 0.8 0.84 0.69
Sional Vield T T . new|Val[1079] 40044186 4315189 39694205 078200 | 40.12+1.34
S0) @ mey| (199£0.02) x 1074 (109 £0.02) x 10~ - X fnas 2.19/8 2.71/8 9.65/8 4.36/8 1"
(2,314 0.08 £ 0.09)% (2.23+ 011 £ 0.11)% | (2.17+ 0.06 £ 0.09)%  Prob. 097 095 0.29 0.82 0

Q(1)1+C)(

mpp —MmMp AQCD

mp+mp Me

) = 1.054 £0.004 £ 0.008

Vep| = (39.18 £ 0.94 +0.36) x 1077

600
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w
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w
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L B Y IR |

FNAL Lattice & MILC Coll.
PhysRevD92, 034506 (2015)

s 40 Bell e
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@ Pabar, Pelle select B » I v,D'(n" D)

® | iton Projections, accounting for correlations

Events/0.05

Events/0.2

D°»>Kn',Kn'n',K3n,K,nn'

51fb~", 53000signal events

2

Events/0

-0.6

0.2

0.2

cosb,,

0.6

Events/36°

1.0

12000 -
10000 [
8000 [
6000 [

4000

2000

0
40 -08 02 02 06 1.0
cosﬁf

f
8000 - (d)

| A ]
6000 n

4000 - =

2000 g 3

0 180
X(degrees)

D°»>K n” only

711fb~', 120000signal events

Events / 0.05
HEEEE

1 105 1.1 115 12 125 1.3 135 14 145 15

w

[y
(=3
=2
=
=3

-1 -0 -0.6 -0.4

£2 0 02 04 06 08 1

cosBl

(4] (1]
ﬂl g G000
- 8000
ﬂ- % 5000
5 o
= 6000 o] 4000
w -
~ 3000
4000 2
c
g 2000
2000 w 1000

1 08 06 04 02 0 02 04 06 08 1
cos 0,

Franco Simonetto -INFN & Universita’ di Padova

=7

80 100 120 140 160 180

1 [degrees]

18



D°»>Kn',Kn'n',K3n,K,nn'

D°»>K n” only
51fb~", 53000signal events

711fb~', 120000signal events

i 12000 |- 3 0
ué: 5000 4 N‘IUDGD - "Q“ 6000
g; 6000 - E 8000 |- ‘E 5000
5 1§ oo >, a0
Subsample R()  R(l)  FO)Va/x10° y/doil§f _ 3
e 00710163 11660182 0.077 £0.107 34.76 £ 0.61 £ 061 23.0/24 leﬂﬂ = (346£02£1.0)x 10
Krp 101340175 1193 £0.206 0.922+0.123 34.55 +0.66 £ 0.65 37.0/24 p- = 1.214+0.034 £ 0.009,
Krrre 15810151 2,043 £0.384 0405 £0.232 33,30 £ 127 £0.96 15.6/24 ) = 1.401+0.034 4 0.018,
Krrrp 114620258 1156 £0.351 0.046 +0.197 34.14 £ 110 £0.98 28.0/24 Ro(1) = 0.864 4 0.024 4 0.008
Knr'e  1.04240.165 1217 £0.206 0.926+0.118 34.86 £0.64 +146 26.9/24 0 e ' ' o
Karlp 117040185 1430 +0.228 0838+ 0131 3438 +074+146 28/ B(B" = D™ {7vy) = (4.58+0.03+0.26)%.

0
1.0 06 -02 02 06 1.0 0 180 360 GOSB,',

[x| [degrees]
cos8,, Y(degrees)
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|V | from B— D*fv: summary

b~1cactories + LEF + CLEO average : ‘g | ap-1 CLEO b)
mewF()|[Va| = (35.614£0.43) x 1072, >%
P = 1.205+0.026 = /) x:
Ry(1) = 1.40440.032, B // DELFHL,)
Ry(1) = 0.85440.020 351 BAR Globa
Wltl’] : AB:E &?))
BELLE
ew = 1.0066 + 0.0050
Bailey et al., FNAL+MILC coll. 301~ HFAG
F(1) =0.906 £ 0.013, phys Rev.D89,114504(2014)
0 | [)l_S | I1 | 1|_5 | |2
HFLAV quotes : p?

|Ve| = (38.71 £ 0.47 o, £ 0.59,) X 102 B — D*tv
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|V | from B— D*fv: summary

b~1cactories + LEF + CLEO average : D | ap=1 CLEO b)
mewF()|[Va| = (35.614£0.43) x 1072, >%
P = 1.20540.026 = [/) ox:
Ri(1) = 1.404+0.032, B // DELPHL,)
| Ry(l) = 0854 0,020, s
W]th N BELLEABAR (excl.)
Hew = 1.0066 + 0.0050
Bailey et al., FNAL+MILC coll. 301~ HFAG
F(1) = 0.906 £ 0.013, Plj?;r:.yRiv.?)89,114504(20102)
0 | {)l_S | |1 | 1|_5 | |2
HFLAV quotes : p*
|Ve| = (38.71 £ 0.47 o, £ 0.59,) X 1072 B — D*Cv
T ‘ YA — -'//;- \;
Vil = (39.18 £ 0.94 + 0.36) x 107 BoDtv (2 ey
e 4
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PB-factories + I TP+l IO average :

mewF(1)|[Va| = (35.6140.43) x 1072,
p? = 1.205+0.026 ,
Ry(1) = 1.404+0.032
Ry(1) = 0.854£0.020

\With :

New = 1.0066 £ 0.0050

Bailey et al., FNAL+MILC coll.
F(1) =0.906 £ 0.013, phys Rev.D89,114504(2014)

HFLAV quotes :

V| = (38.71 £ 0.47p & 0.59,) x 1072

Vip| = (42.19+0.78) x 1073
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I
=]

(1) IV 1107

DELPHI
(part. reco.)

RAGE

T]EW
[
h

BABAR (excl.)

y2/dof = 30.2/23

HFAG

B — D*fv

B — Dtv

,"‘7- -
[ Q /
\‘ p—

‘

Vol = (39.18 = 0.94 4+ 0.36) x 1073

4
y
[

B —» X_fv

2
p>




|V_ | tension ?

® New Be”e D tagged analgsis, with

Lout 2000 s | . Parameter|folded result unfolded result World Average
abou slghat events V| x 103 374413 382415 392407
2
, , . R : . . . 1.21 £ 0.03
o Con&stent with (faut less precise than) D 1042013 L7015
Ri(1) 1384007 1394009  1.40+0.03
untagged results Ry(1) 086+0.10 091+0.08  0.85+0.02

® [rovide UNFOLDED data
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|V_ | tension ?

® New Be”c D tagged analgsis, with

Parameter|folded result unfolded result World Average
V| x 103 374+13  382+15 39.24+0.7

2
, , , . : : : : 1.21+0.03
o Con&stent with (but less precise than) D 1042013 L7015
Ri(1) 1.384+0.07 1.39£0.09 1.40 £0.03

untagged results Ry(1) | 086+0.10 091+008  0.85+0.02

about 2000 signal events

® [rovide UNFOLDED data

e | itunfolded Pelle data, relaxing
w6l T ] ConstraintsgromHQS:

Bigi, Gambino, Schacht
1.4f Phys.Lett B 769 (2017) 441: -

V,,|x10° = 38.2+1.5 CLN param.
V,,|x10" = 41.7+2.0 BGL param.

@ “Strong Possibilitg that the tension

10% ey | Vep |2 F2

between inclusive & exclusive \V, ... is

dueto (| N Parameterization”

Grinstein, Kobach
PLB771 (2017) 359-364
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|V_ | tension ?

® New Be”c D tagged analgsis, with

Parameter|folded result unfolded result World Average
V| x 103 374+13  382+15 39.24+0.7

2
@ (_onsistent with (butless precise than) PP 042013 L1T20.15 1212003
Ri(1) 1.384+0.07 1.3940.09 1.40 £ 0.03
Ry(1) 0.86+0.10 0.91+0.08 0.85 £0.02

about 2000 signal events

untagge& results

® [rovide UNFOLDED data

e | itunfolded Pelle data, relaxing
w6l T ] ConstraintsgromHQS:

Bigi, Gambino, Schacht
1.4f Phys.Lett B 769 (2017) 441: -

V,,/x10° = 38.2+1.5 CLN param.
V,,|x10" = 41.7+2.0 BGL param.

® - The central values of the BGL,,
suggest Possiblg ]arge deviations from

10% ey | Vep |2 F2

heavg quark sgmmctrg. ”

Bernlochner et al.
PhysRevD.96.091503
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| V__ |{rom inclusive decays

['b — clv)
['(b— ulv)
o Neecl hard cuts to reduce charm Eackground

~ 50

@ Sclect tiny fraction of the space Phase) described }:)9 a”skape function”

AB(B — X, tv)
B AI‘theor}'

0 Lar e uncertainties from extrapolation to full space phase : |[Vyy| =
g P pacep

b—c
| b—c
— U ‘ b—u ‘
E ’ m
Charged Lepton™ { Virtual W q Hadronic X
Energy Mass Squared Mass
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White : B—X, (v signal

Grey : B-oX_ (v + fakes + cascade

Cyan : signal feed down

3000

o
-
-
o

Entries/bin

Entries/0.31 GeV

(@)

Q)
-
o

Entries/bin
Y
(-
o

Mo
-
-

I
- M<1.7GeV ()

Entries/2 GeV?

10 20

q*(GeV?)

Phys.Rev. D86 (2012) 03200$

Entries/0.1 GeV Entries/0.1 GeV

1000
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Inclusive V . status

® Secveral different measurements :
CLEO (E,) i

Cl C} 423+049+022-031 i

— agge untaggoe BELLE sim_ann_ (m_, ¢°) a.)

T &5 / gg 452iD.4?+D25—Dn_;é = &

BELLE (E) |

— Different variables 495046 +0.16- 021 i

BABAR (E,)

452+4026+017-024 A

— Different Portions of Phase space BELLE multivariate (p*) |
| Framework |Vaup|[1077] |

) BLNP 4.44 +0.157533 ——

1? |

GGOU 452 & 0-15E§f14 w——u |

. 0.18 | i
— [ordifferent measurer| ADFR 4.08 £0.13%575 .|
BLL (myx/q® only) 4.6240.20+0.29 |

Ars aass zav fa R

/ i —tmy
~ [ordifferent models Efﬁ;ﬂ;:ifﬂ 1?[?;*:}1(31;%?) i

4444024 +009-010 ——

"y BABAR (p*>1.3GeV) |
@ Correiated uncertainties 4434097 £000-011 ——

Average +/- exp + theory - theory
- H QE parameters (from Vi fits) 4:;?3;;{;]&:230 o

ﬁ Gambino G. Ossola, N. Uraltsev

) f m
— (Common tools (Jetset, backgrourzd) | | | | | | | Summe;2016

JHEPo?m:bE'B,Qnm (GGOU) |
2 4 6

IV | [x107]

ub
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Inclusive V . status

Severa] different measurements

— Taggec!/ untaggeci
— Different variables

— Ditferent portions of Phase space

(_onsistent results

- [or different measurer

CLEO (E)
423+049+022-031
BELLE sim. ann. (m_, a?
452+047+025-028

BELLE (E)
495+046+0.16-021
BABAR (E)
452+026+017-024
BELLE multivariate (p*)
| Framework |Vup|[1077] |
BLNP 4.44 +0.157533
DGE 4.52 + 0.1ﬁi§;i§
GGOU 452 +0.15%5 1,
ADFR 4.08 +£0.133015 |

BLL (mx/q? only)

4.62 £+ 0.20 = 0.29

| Ars aass zav fa R

.y o o F

— ]:orcligerentm =
|Vub

Correlatec} unce

x10°=4.52%0.15,,,

+0.11
_0‘14theory

- QE parameters (From \/cb Fits)
— Common tools (Jetset, backgroumd)

Average +/- exp + theory - theory
452+015+0.11-0.14

fmuf:__ta_z.rm CL=51.00%) 5
. Gambino, P. Giordano, G. Ossola, N. Uraltsev .
THEP 0710:058 2007 (GGOU) |
| | | | | | Summe;2016
2 6
IV | [x107]
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|from B —» fvw

® Untaggccl analysis: 1_5\/: _ﬁmiss @ Taggecl analysis: use kinematic

constraints

4"-» -
2 2 2 I o N
| 0<q'<16GeV 16 < ¢’ < 26.4 GeV? | T 100 | * P
) | @ B"—mlv signal =t o - . B %y
S | I b—sulv both B o 0] -
o | EE buly same B A o 80 (IB-X)v
g ~C=—1 other BB both B - B
s - Il other BE same > o - DBE
- -] continuum = 60
3 [ = data m E - D'ﬂ
£ 500 N\ £ 40
o -
2 5 wF
N e N e, ) =
5.22 524 526 528 | @ 1
< 05
3 ;_*25{]
m T
7 % 200
v 8
o
E.ﬂ . 180
N o
S 3
g £ 100
0.5 10 @ t
AE (GeV) | < w 50

*2 *2
mpges = \/Ebea,m T JTEV AE — E:'fv _ El;keﬂm
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|V |from B — ¢ v 7 : results

Measurements Perfzorme& 13 q? bins

Results from different measurements

combined in a singlc distribution

Theorg constraints:

— LQCD at high ciz
- LCORatgr=0

FNAL/MILC
EurPhysd C77(2017)2,112

Bharucha
JHEP 1205(2012)092

T Parameterization as in:

Bourrely, Caprini, Lellouch,

PRD79, 013008 (2009)

1

Fo(@,8) = Tz D bulto) 2(¢")*
B k=0

— Fitprob.: 61%

10— IV, I=[3.65 + 0.09 (exp) £ 0.11 (theo) 1x 10°

—4&— Average Belle + BaBar
—$— LCSR (Bharucha)

c};'
mg = BCLfit(3+1 eter)
N%.- 8 :_ Data & LQCD (FLAG) & LCSR
2
T of f
g ]
el HFLAV .
- \:
0(‘}‘ 5‘1|0 1% ‘2|0 25
q° [GeV?]
Parameter Value
Vi (3.65+0.14) x 1073
by 0.421 4+ 0.017
by —0.390 + 0.033
by —0.650 + 0.126
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|V |from B — ¢ v 7 : results

® Mecasurements Perfzormeé 13 q? bins
3 ‘% 10;‘ |\.: |=It;.aslila‘.nsl(ex;:);n.;i(lthe;)llxﬂlﬁI ‘HIF‘ A:'e';gelﬂ‘;"e;ﬂ;a;' | .
@ Results from different measurements o [ eepon: o B ot m s T et
N': 8 ; Data & LQCD (FLAG) & LCSF:
combined in a singlc distribution g [ —— ]
£ 8 -
) Theorg constraints: %E 43
— LQCD at \__
3 L vy TN
— —+ =+ |
 LCSRatq |V ,[X10°=3.65+0.09,,, +0.11, B
® [ | parameteriz 4__
parameten Br(B2nlv)x10"=1.47%0.02,,, £0.06,| vaie
PRD79, 013008 (é| +0.14) x 10=3
B N | 0.421 & 0.017
7 1 by —0.390 4+ 0.033
f-(g*,b) = bi(to) 2(g%)" 2 .
@0 = 1= g, % o) 4T) bt —0.650 «+ 0.126
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V. / V _inclusive vs exclusive
ub cb

l‘“"r'i_1 5 . ! | ! | ! || il | 1
t.} B B—-D*1v —
— = B—>Dlv —
2 asf P ® :

SH b 2P UV : —]
Z _ [ ] Average 68% CL. Inclusrv ]
- I Average Ax’=l IV |- GGOU |
4 — IV, ): global fit in KS —
- ‘ Uit}
351 -
3 —

B Summer 2016
- P(%?) =7 4%_|

2'5 | | | | | | | | | | | | | | | (?{' ) | | ) |
34 36 38 40 42 4%4
V{10
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@ Hcavy |ePton :

One more f:orm f:actor (no exXp. constraint, use LQCD)
Reduced Fhase space

Focus on semileptonic T &ecags

Lower event rate :

['(B2X_tv)XB(t=>Ivv,) 1

— ~ =x0.34
(B> X_IV) 5
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@ Hcavy |ePton :

— One more f:orm f:actor (no exXp. constraint, use LQCD)
— Reduced Fhase space

— Focus on semileptonic T &ecags

— Lower event rate :

['(B2X_tv)XB(t=>Ivv,) 1

@ Theremcore:

— Onlg exclusive clecags

— Onlg taggcd events

— ~ =x0.34
(B> X_IV) 5

- Pelle:use also semilcptonic tag

Franco Simonetto -INFN & Universita’ di Padova
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@ Hcavy |ePton :
_ One more f:orm f:actor (no exXp. constraint, use LQCD>

— Reduced Fhase space
- [ocus on semileptonic T clccags
— Lower event rate : F(B_)XCTV)XB(_I_)IVV’) ~ lx0.34 ~ 704
I'(B>X_1v)
® | herefore: ® Tag variables :
— Onlg exclusive clecags — Large missing mass (thrce neutrinos)
— Onlg taggcd events - Sopccr lcpton momentum
— Bc”c . use also semilcptonic tag — Residual energy (aPar’c BTAG Do 1)
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@ Hcavy |ePton :

— One more r:orm Factor (no exXp. constraint, use LQCD)
— Reduced Fhase space

— Focus on semileptonic T &ccags

— Lower event rate : F(B_)XCTV)XB(:C_)IVV’) ~ lx0.34 ~ 79
I'(B>X_1v)

® | herefore: ® Tag variables :

— On]g exclusive clecags — Large missing mass (three neutrinos)

— Onlg taggcd events - sopccr lcpton momentum

— Bc”c . use also semilcptonic tag — Residual energy (aPar’c BTAG Do 1)
[ Measure ratios : R(D(*)) — F<B_)XCT\_/>XB(T_)IV\_/1>

I'(B>X_1v,)
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Events/(0.25 GeV?)

150

100

50

80
60

20

80

60

20

2o

Events/(100 MeV)

it

St
it m%.. it

B D**(¢/7)v
[1Bkg.

2 4
=22 (GeV?)

Normalize bck. (m?_

Fit MVA for (m®__

6

2d fit to m?

200 —

&o
I

gl
.H_

1Pz | (GeV)

miss plep

<0.8)

1SS

>0.8)

D*%¢

D¢

W B— D*tv
B Dtv
B— D*lv
B B— DIv
W other BG
B B— D**lv

i
.

0.2 0.4 0.6 0.8
Mes (GeVPie™)

4
SRR
++:P+++++ %ﬁ
+
e

0.4 0.6 0.8

M2 oo (GeVPic*)
@ ]
5 + B Dy & 25-
5300 + B Dy | O
250 E [ other BG 20
F 4 M- D=1y
200- &
150F
o
100F n
Eo#
5014 °
g it
ERSE L S T SN I
-0.2 0 0.2 0.4 0.6 0.8
My (GeVie?)
0.6 0.8
M2, (GeV?/c®)

Franco Simonetto -INFN & Universita’ di Padova




— B I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I ]
% (.5~ ——— BaBar, PRL109,101802(2012) s .
a) ~  ——— Belle, PRD92,072014(2015) Ay” = 1.0 contours .
& - LHCb, PRL115,111803(2015) . ]
0.45 - — Belle, PRD94,072007(2016) e=== SM Predictions ]
""" E == Belle, PRL118,211801(2017) R(D)=0.300(8) HPQCD (2015) -
[ ———— LHCb, FPCP2017 R(D)=0.299(11) FNAL/MILC (2015) -
0.4 | B Average R(D*)=0.252(3) S. Fajfer et al. (2012) _]
0.35 4o —
0.3 F "0 i
0.25 @ —
- ‘ FPCP 2017 ':
02— P(x?) = 71.6% —]
B I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 1 1 1 1 I H

0.2 0.3 0.4 0.5 0.6
R(D)

@ Combineé measurement of R(D) and R(D*) ~4 0 away from SM !

Franco Simonetto -INFN & Universita’ di Padova 390




Conclusions (1)

) Semiieptonic B c]ecags are studied since more than 30 years

® Despite noticeable progressess

— Soﬁsticatec’ detectors, huge event size, taggecl analgsis, MV A discriminators

— Frecise LQCD) HQE) HQET, LCSR calculations

® . still many inconsistencies around i
UT fits prefer :

— ]nc]usive vs exclusive \/cb - Inclusive V

- Exclusive V
/ , ub
— ]ﬂClUSlVC vS CXCIUS!VC \/u}j

- RO
- YipBvD) < BEVX)) (hot discussed here)

(that’s not the way we want to play it)
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Conclusions (2)

@ | xclusive Vo

— Reanalgsis of high statistics data set with alternative Parameterizations of I'T
— Complete angular analgsis on 4d space instead of fit to Projections

@ |nclusive Vo
— ]mprove control of B-oX_ v background

— (_onsistent use of signa] and backgroun& models in extracting results

o R(DO).
— ]mProve uncierstanding of B—> tv D** <—> Dnh) backgrouncl

— ... hints of new thsics ?
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THE ELEVENTH C(OMMANDMENT
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| V_ | tension ? (Backup)

(D*|év*b |B) = i/mBmp- hy e*7*P EpUA U8
(D*| EyH b |B) = \/mpmp- [hAl(’w + 1)
—ha,(e" -v)vH —ha, (e ’U)’Um}

® | xact Heavg Quark 59mmetr9 :hy=hy; = Z(w) (lsgur Wise function)

o HQS bounds :
h ha, +rp-ha,
Ri(w) = — Ry(w) = =2 P4 — 9 4 O(Agep/mep, as)
hAl hAl 1 i

ha, (w) = ha,(1)[1 —8p}.z + (53.¢p~ — 15.)2%] €D+ = pb-

CLN CLNnoR  noHQS BGL e

Vip|x10%| 382415 41.5+19 41.8+19 415+18 I e

phe | 117015 16402 18+£04 1544006 o retrmcor

cp* i i 24+1.6 fixed: 15./53. e e

Ri(1) |1.39+009 036+0.35 048+048 0.45+0.28

Ra(1) | 091+0.08 1.10£0.19 0.79+0.36 1.00+0.18 O ]

Ri(1) |fixed: —0.12 51+18 43+26 4.2+1.2 W

RL(1) | fixed: 0.11 —0.89+061 025+1.3 —0.53+0.42

X*/ndf | 352/36 279/34 276 /33 277 /34 Bernlochner et al.
PhysRevD.96.091503
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| V_ | tension ? (Backup)

(D*|ey"b |B) = iy/mpmp- hy ghvab €xUa V3
(D*| cyHyob |B) = \/mpmp- [hAl(w + 1)
—ha, (e -v)vH — ha, (" - ’U)’Um}

® | xact Hcavy Qpark 59mmctr9 :hy= hy; = Z(w) (lsgur Wise function)

o HQﬁboun&s:
h ha, +7rp+ha,
Ri(w)=—L, Ro(w)=—-2""D"% _ 11 O(Aqep/mes, as)
hAl hAl 1 !

ha, (w) = ha, (1)[1 —8ph.z + (53.¢p- — 15.)27]
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