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B— Dlv
decay rate:

Caprini, Lelouch,
Neubert:

B— D’lv
decay rate:

A. J. Schwartz

V.| from B— Dlvy

w = ’UB"UD

+
E Define kinematics in terms of w, rather than q2:
W
Veb f V[

M2 + M2 — g2
2M M,

dr G3.

q?=(Pg-Pp)? = (P+P,)?
qg°=0—> w,, =1.6

2 —_—
qmax _>W_1

—— = —Famy, (Mg + mp)*(w? — 1)*2 |V Py, G (w)

dw 487

form factor

G(w—z) = G(1) |1 —8p’z + (51p* — 10)2> — (252p* — 84)2°

ar  G%
dw 4873
1—2 2
hi @y 2 wr +r
1 (1 _ ,r)2

form factors

M3} . (Mg—mp.) VP nawyw? — L(w + 1)% x

R o )]+ 1+ 0 @) ;]|

1—1r

h, (w) = h, (1) [1—8p*z + (53p* — 15)z® — (231p* — 91)2?]
R (w) = R,(1) — 0.12(w — 1) + 0.05(w — 1)
R,(w) = R,(1) — 0.11(w — 1) + 0.06(w — 1)?
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ol =4 - Glatt tal. (Belle),
\V_,| from B— Dlv T A 006 2016)

B—D¢v Reconstruction: Tgside 4 Signal side
Divide event into 2 hemispheres: “signal” side and
“flavor tag” side. Tag side is fully reconstructed (using
neural net)

charged tags neutral tags charged signals neutral signals
Dt K rntrnt D°— K-m™*
Dt K ntntzn® D’ K—ntna0
Dt K rntrntata— D°— K- mntmtn=
Dt —SK-K*tnt D’ - K—rntntn—=n°
Dt - K nt D°—> K ntn~
D+ — K ntn® D°— K ntn—n°
Dt — K K+

D°—-K-K*

Dt > ata® D’ —mtm™
Dt sgatata— D’ — KgKg

DO — 70570
D°—> K S 70r0

D gataptg0

Note: over 1000 decay topologies considered.
[This is straightforward at an e*e machine but very difficult
at a hadron machine]
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Events / ( 0.09 GeV?)

\V_,| from B— Dlv

Glattauer at al. (Belle),

D
> -1
711 1b PRD 93, 032006 (2016)

B—D¢{v Reconstruction:

After tag side reconstructed, tracks are ‘removed” and signal side D reconstructed. After D
reconstructed, e or u is added to decay and missing mass calculated:

2
Mr2niss — (Pbeam _ PD _ PE)
Missing mass spectrum (in bins of w) is fit for signal yield; from signal = data
yield one calculates AI/Aw. [ B — Div
I B - D*lv
B’ — DYe vy I other background
- % 140/
30 1.00 <w <1.06 8 [ 1.36 <w<1.42 1.54 <w <1.60
C §12
80
60
40
20
15 2 15 2 : Tt C—
M., (GeV?) M2 . (GeV?) M2 (GeV?)
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2R D 4 Glatt t al. (Belle),
&N |V.,| from B— Dlv 711 fp1  Glalieueratal (Sele).

A
— 'E

IS

A

/

Results: CLN (2 params, heavy quark symmetry) BGL (more params, less constraints)
. 4010 3 lattice QCD calculated points are also fitted:
> —v— Belle
% 3" =40 xﬁ Belle
~ % 5| —— HPQCD
© 30 5 — N!lLC

N
1

251

- - N
o (&) (=]
.I|||||||||||||||||||||||||||||||||||

(&)

o

v by by s by b e ey b 1 1 P IR
1 11 1.2 1.3 1.4 1.5 1.6 1 1.1 12 13 1.4 1.5 1.6

MILC data from PRD 92, 034506, (2015)
HPQCD data from PRD 92, 054510, (2015)

Vel New = (41.10 £1.14) x 103

B(B°— D ¢tv) (2.35 £ 0.04 £ 0.11)%
B(BT—D%*"v) (2.67 £ 0.04 £ 0.12)%
B(B— Df¢tv) = (2.43 £0.03 £0.10)%

Vel New = (40.12 £1.34) x 10-3

Using G(1) = 1.0541 % 0.0083 [MILC, PRD 92, 034506, (2015)]
new = 1.0066 =+ 0.0050 [Sirlin, Nucl. Phy. B196, 83 (1982)]
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Heavy Flavor Averaging Group (HFLAV)
arXiv: 1612.07233 (to appearin EPJC)

2_
Ax =1 CLEO
ALEPH
36.67 + 10.05 = 7.33

m]

W
=)
I

cb

CLEO :
4418 = 5.70 = 3.47 T

G(1) IV 1107

—> |BELLE

4194 £0.60 = 121 B

N
)
I

BABAR global fit !
4223+0.74+2.14 '—?'."_'

1,]EW

BABAR tagged :
4260+ 1.71%1.26 Ty

30

Average ;
41.57 =045+ 0.89 B

HFLAV HELAYV
ALEPH

x2/dof = 4.7/ 8 (CL = 79.30 %)
20— ldof = 4.7/ 8

| | | | | 1 | 1 | 1 | 1 | 1
0 1 3 10 20 30 40 50

M., GV I [107]

p2

Using G(1) = 1.0541 # 0.0083 [MILC, PRD 92, 034506, (2015)]
new = 1.0066 =+ 0.0050 [Sirlin, Nucl. Phy. B196, 83 (1982)]

= Ve =(39.18 & 0.944,, =+ 0.364,) x 10-3

A. J. Schwart;  Physics in Collision 2017 B Decays with Missing Energy 8



cb

F() IV 1[107]

TIEW

N
)
[

DELPHI
part. reco.)

0
)
I
>
=
Q
=)
j=u
a
=
g

301 HFLAV

/dof = 30.2/23
. I . I . I . I

0 0.5 1 1.5 2
0>

Heavy Flavor Averaging Group (HFLAV)
arXiv: 1612.07233 (to appearin EPJC)

ALEPH

310+ 1.8+ 1.3 U
CLEO

397+ 12+ 16
OPAL excl

358+ 16+ 1.6
OPAL partial reco
370+ 12+ 23
DELPHI partial reco
352+ 14+ 23
DELPHI excl

358+ 1.7+ 20
BELLE :
344x 02 10 —
BABAR excl
336+ 03« 10 R
BABAR D*0 ;
350+ 0.6+ 1.3 g
BABAR global fit

355+ 02+ 1.1 —'H
Average :
356+ 0.1+ 04 ]

HFLAV
I I I

¥*dof = 30.2/23 (CL = 14.40 %)

25 30 35 40
M., FIV | [107]

Using ngw F(1) = 0.912 =+ 0.014 [FNAL-MILC, PRD 89, 114504, (2014)]
— |Vl =(39.05 = 0.47,, = 0.58) x 10-3
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HFLAV arXiv: 1612.07233

| Vcbl f rom inclusive B— Xc lv (to appearin EP.JC)

Global Use OPE to describe b— c transitions. Two renormalization schemes used to describe non-perturbative
fit: parameters: “kinetic scheme” and “1S” scheme. Observables fit are recoil mass moments <M,/ (n=2,4,6)
and charged lepton moments <E;"» (n=0,1,2,3). Moments are calculated + fit for different E,™" values:

:\T\ ﬁ’,‘ 6\ 8
)Y A A6 § .
v oI oL \
4 = s
F Y \./ A
o (\LE/X C\LE,X - ~
N HFLAY v v
i -Summer2016 2 HFLAV 1
4} ] Summmer 2016
0 05 | Is 1 ! L
£,y (GeV) e 8
'330.1; ‘\‘5\7 3 1 ‘ ] < T
I :X ] % ol HrLAv ] @ o /,;;;‘;:;1:3
008k \ I E (R N\ ] c.% g //
f f 7 7 : \ L W o / 7
0.06- \ 1 oL y e \ ] E_,V: / 1
B HFAY \ ] I J ] o \ g HrLav |
0.04+ s o \ | /' | 005? \\\ 7 r Summmer 2016 ]
i 016 \ 1'4?7:)/ A | i \\ R —-0.03= 7]
1 E— S Q- o5 ‘ ‘ L L L L
0.3 ! E,. (éfa V) E.t (GeV) ’ " 1 Eout (ClafaV) ’ o l Eout ((ljsev)
Kinetic scheme: Gambino, JHEP 09, 055, (2011); Alberti, Gambino, Healey, and Nandi, _ + i
PRL 114, 061802, (2015) V| =(42.19£0.78) x 10
1S scheme: Bauer, Ligeti, Luke, Manohar, and Trott, PRD 70, 094017, (2004); Belle, PRD 'Va| =(41.98 £0.45)x 1073

78,032016, (2008)
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/

(1) five B(*9— z(0) ly analyses: hadronic tagged,
untagged. Fit for averaged q? spectrum

C\'J_| T T T T I T T T T I T T T T I T T T T T T T T I ]
> : Input Measurements: : &
8 1 2 | o B Belle untagged , Phys. Rev. D83, 071101 (2011) L] B°& B* BaBar untagged, Phys. Rev. D86, 092004 (2012) ___| l>
© I~ Y B Belle had. tag, Phys. Rev. D88, 032005 (2013) Od B°& B* BaBar untagged, Phys. Rev. D83, 032007 (2011) 8
o : A B’ Belle had. Tag, Phys. Rev. D88, 032005 (2013) @ Likelihood fit average : ©
Nc- _—U—< | :
RS B B o
~ = —— - (o
== ] L 3 o
> 8 — <
- — ] —
g - [ =t i S
e L —t o - _ o
;o i - ] 5
B — st n
o - I —— 7] t
m = 1 a o
o 4 — Q
© B — i at
2 . o
Pigll HFLAV =
| LSummer 2016 ——
0 C L Ll L | L L L L | L L L L | L L Ll | L L L L | |_
2
q* [GeV]

2 __ ( $LCSR
XLCSR — < +

x* = (B—AT7) ¢ (B - AF7) + Xiqep + Xicsn

XiQCD = (E - ELQCD>T Cfécn <E_ gLQCD)

— \ 2
— f+(¢* = 0; b)) /O frosn
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HFLAV arXiv: 1612.07233

\V.,,| via exclusive B— m lv (o appoarin EPIC)

(2) Use BCL parametrization of form factor, fit
averaged q? spectrum for BCL parameters and |V |

[Bourrely, Caprini, Lellouch, PRD 79, 013008 (2009)]

I T T T T I T T T T I T T T T I T T T T I T T T T I T
10— v 1=13.67 = 0.09 (exp) = 0.12 (theo) ] x 10 Average Belle + BaBar |
- ub —A— LCSR (Bharucha) —
~ Fitprob.: 47% = BCL fit (3 + 1 parameter) 7]
- Data & LQCD (FLAG) & LCSR—
8 | ]
A3 .. -
4 - —
il HFLAV —
B .
O L I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I I_

0 5 10 15 20 25

92 [GeV?]

Lattice: Aokietal., (FLAG), EPJC 77, 112, (2017)
LCSR: Bharucha, JHEP 05, 092, (2012)

Vol = (3.67 £ 0.09,, = 0.124) x 10-3
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HFLAV arXiv: 1612.07233
(to appearin EPJC)

\ |V,5| via inclusive B— X, lv

To reduce large backgrounds from B— X_.Iv , one must make cuts that severely restrict the acceptance.
To extrapolate partial rates for measured regions into unmeasured regions requires “shape functions”
calculated from theory. Five theory models are used.

BLNP:
DGE:
GGOU:
ADFR:
BLL:

Bosch, Lange, Neubert, Paz, Nucl. Phys. B699, 335, (2004)
Andersen, Gardi, JHEP 0601:097 (2006)

Gambino, Giordano, Ossola, Uraltsev, JHEP 0710:058 (2007)
Aglietti, Di Lodovico, Ferrera, Ricciardi, EPJC 59, 831 (2009)
Bauer, Ligeti Luke, PRD 64:113004 (2001)

BLNP ADFR

A. J. Schwartz

Physics in Collision 2017

CLEO (E) CLEO (E) 3

422049 +0.29 - 0.34 N 3422040017 —

BELLE sim. ann. (m_, ¢?) : BELLE sim. ann. (m,, ¢%) :

451047 +027-029 A 393x041+0.18-0.17 A

BELLE (E ) 3 BELLE (E) :

493+046+0.26-0.29 T 448 +042+020 T a—

BABAR (E) : BABAR (E) :

4.52+0.26 +0.26 - 0.30 . 3.93+022+020 — e

BABAR (EC, s:mx) : BABAR (E_. S:"“) :

471+032+033-038 — 381+0.19+0.19-0.18 ——e—

BELLE multivariate (p*) BELLE multivariate (p*)

450 0.27 +0.20 - 0.22 - 4.50 0.30 = 0.20 1

BABAR (m,<1.55) ; BABAR (m,<1.55) 3

424£0.1920.25 — = 383+0.18+020-0.19 ———

BABAR (m,<1.7) | BABAR (m, <1.7) :

403022022 e 37520212018 e

BABAR (m <1.7,q*>8) : BABAR (m,<1.7,g>8) :

432£023+0.26-028 T 375020 =0.17 .

BABAR (P*<0.66) 1 BABAR (P*<0.66) 3

409+025+025 ——— 357022+0.19-0.18 e

BABAR (p*>1GeV) 3 BABAR ((m_-g?) fit, p*>1) ;

433+024+0.19-0.21 - 4332024019 o

BABAR (p*>1.3GeV) i BABAR (p*>1.3) ;

4.34£0.27+020-021 - 428%0.27=0.19 ==

Average +/- exp + th. - th. Average +/- exp + theory - theory 0

444£0.15+021-022 BRan 408 0.13+0.18-0.12 [

B0 IO 80 o | M ot =28.4/11 CL=030 %) \ M

Phys. Kev glj :073006,2005 ' U.Aglietti, F.Di Lodovnco G Ferrera , G Ricciardi (ADFR)

| | | | | | ' Summer2016 Eur.Phys.J.C59:431.2009 and refere'nces therein | | Summer2016
2 4 6 2 4 6
IV 1 [x 107 IV I [x107]

ub ub
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425 fb! Leesetal., PRD 95, 072001 (2017)

measure branching fraction for inclusive B— X, e*v , from
this extract |V )|

spectrum is well-dominated by B— X_. e*v, except near
endpoint region 2.3-2.6 GeV/c. Thus measurement relies
on good understanding of shapes of all signal and
background contributions. Input shape of B— X, e*v
spectrum is taken from 4 QCD theory calculations:

» De Fazio, Neubert, JHEP 06 (1999) 017
» Bosch, Lange, Neubert, Paz, Nucl. Phys. B699, 335 (2004)
Bosch, Neubert, Paz, JHEP 11 (2004) 07 3;

» Gambino, Biordano, Ossola, Uraltsev, JHEP 10 (2007) 058
Gambino, JHEP 09 (2011) 055;

* Andersen, Gardi, JHEP 01 (2006) 097, JHEP 01 (2007) 029
Gardi, arXiv:0806.4524

Analysis uses NN to reduce continuum background, but
then must subtract remaining continuum background
using off-resonance data) to see BB spectrum

Binned fit is performed over range 0.8-3.5 Ge V/c, floated
parameters are B— D™ ¢*v background normalizations
and B— X, e*v signal. Events in region 2.1-2.7 GeV/c are
combined into one bin.

A. J. Schwart;  Physics in Collision 2017

\V.,,5| via B— X, lv: final BaBar result

Electron Momentum (GeV/c)

-

2 05
O L
Z|2 04f
-1z o3F

0.5

T TTHTIT
v

.
.
:
H
j
H

3
\HIW \HH \HH \HH \HH HHIW T w T
IS
o
GCJ

(b)

1 15 2 25 3
Electron Momentum (GeV/c)
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B— Xk ey

B—mev
B—pev
B— wev
B—nev
B—n'ev

x5

B— D’ev

B— D ev

B— D" ev +
DY) yrev



Total Branching(10®)

2.8
2.6
2.4
2.2

1.8
1.6
1.4
1.2

\V.,,5| via B— X, lv: final BaBar result

DN DGE BLNP GGOU DN

A. J. Schwart;  Physics in Collision 2017

DGE

B Decays with Missing Energy

BLNP

GGOU

425 fb-7 Leesetal., PRD 95, 072001 (2017)
Fit results:
BLNP, _50 Gev GGOU
DN m, constraint m, constraint DGE
X, ev 0.149 £+ 0.005 0.240 + 0.008 0.166 £ 0.006 0.153 £ 0.005
Dev 2.233 +£0.090 2.197 £+ 0.088 2.226 + 0.089 2.230 + 0.089
D*ev 5.612 +0.049 5.424 + 0.049 5.579 £+ 0.048 5.611 +0.048
D™ rev <0.052 <0.025 <0.050 <0.075
D*ev 2.285 +£0.071 2.540 £ 0.075 2.331 £0.070 2.287 £+ 0.070
D'® ey 0.046 £0.011 0.023 £0.011 0.041 £0.011 0.045 £0.011
D—e 0.982 £+ 0.005 0.968 + 0.005 0.980 £ 0.005 0.982 + 0.005
r/ r(LO) 1.0002 + 0.0007 1.0002 + 0.0007 1.0002 4+ 0.0007 1.0002 4+ 0.0007
ION F 228 + X onstaints 27.4469.7+0.1 31.94+70.9 +0.2 27.8+69.9 4 0.1 26.8 +69.7 +0.1
2*/Ngor. 97.2/85 102.9/85 97.8/85 96.6/85
- 5¢
3 (@) sk (b) HFLAV WA: (arXiv: 1612.07233)
3 46 Framework V., [1073]
= + o~ 44F BLNP 4.44 £+ 0.1545:21
=3 % 2 a2f DGE 4.52 4 0.16101%
:_ < Z_ 0.11
: 'H > 4f ]l GGOU 4.52 £ 0.151%-11
3 + . 3.8 ADFR 4.08 £ 0.131918
= 3.6 BLL
- - , 4.62 £ 0.20 £ 0.29
E | I I 3.4 | | (mX/q Only)




Puzzle: Inclusive vs. Exclusive |V, |, |V, |

— —

IV ,J: global fit in KS

Latest lattice results:
Bailey (MILC), PRD 89, 114504 (2014)
Bailey (FNAL/MILC), PRD 92, 034506 (2015)

Aoki (FLAG), EPJC 77, 112 (2017)

S B —>D*lv
B B—Dlv
B B—-nlv
4 - IR Inclusive
| |:| Average 68% C.L.
- [ Average Ay’=1 IV, l: GGOU
4 |
35
3
2.5 | | | ‘ ! I |

Detmold et.al., PRD 92, 034503 (2015)

‘ Summer 2016 ‘

| P(y?) = 7.4%|_

Exclusive (%)

42 44

IV, [107]

Inclusive (%) Diffference

Vsl | 3.905 +0.047 = 0.058 (D*tv)  4.219 = 0.078 (“kinetic scheme™) (2.4 3.4)c
3.918 £ 0.094 =0.031 (D&v)  4.198 +0.045 (“1S scheme™)
Vsl 0.368 0.010 =0.012 (mtv) | 0.452 0.015 = 0.014 (X,tv) 330
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18,000

15,000

12,000

9,000

6,000

Candidates/ (50 MeV/c?)

3,000

LHCb:

B(A,—puv) q2>15 GeV?
B(A,—A_p" D)

g2>7 GeV?

corr \/pJ_—|_‘Z\42 +pJ_

Abepé'v

I Combinatorial LHCb

I Mis-identified

I Dopuv
ATV

B Al
N*uv

B oy

IIIIIIIIIIII]IIIIIIITIIIIII

0
3,000 4,000 5,000

Corrected pu~ mass (MeV/c?)
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Aaij (LHCb)

Vubl from Ab _’Pf \4 decays Nature Phys. 11, 743, (2015)

Npu-o [ Eau-5 |Vb|2R

e | |2 lattice
% % cb

Ab_>Ace-V

4,000

LHCb
| R
AT UV
B Combinatorial

3,000

T T T I T T T

l

2,000

Candidates/ (40 MeV/c?)

1,000

T 1 T T I L L

0
4,000 4,500 5,000 5,500
Corrected pK-7tu~ mass (MeV/c?)
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LHCb:

 (LHCD).
Vub|from Ab_’Pf‘VdeC‘ayS /IL\\IZI;U(rLeHPhﬁ/)s. 11, 743, (2015)

B(Ab_)pl"l'_p)q2>15 GeV? — Npu—D 8Acu,—D _ |Vub|2
B(Ab - chI‘l’_D)q2 >7 GeV? NACM_D Epp,—D |Vcb|2 fattice
—2 |Vub|2 .
= (0.95+£0.04£0.07) X 107% = —*— (1.471 £ 0.095 + 0.109) Detmold, Lehner, Meinel,
V|2 PRD 92, 034503, (2015)
\ 74
= Wl _5.080 + 0.004,_ + 0.004, .
|"/Cb| exp orm Iractors
Can constrain right-handed Lefr = _% Vo (@7, PLb + €r T, PrD)(Y*PLI) + h.c.
currents (NP): 8
B nclusive
7 B 5> v
B A, — puv (LHCb)
6 5] Combined

-0.4 -0.2 0.0 0.2 0.4
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u

Ly =)
o

Aubertet al., PRD 81, 051101 (2010) 418 fb"' D°/tag
Leesetal.,, PRD 88,031102 (2013) 426 fb-" hadr.tag

Hara et al., PRD 82, 071101 (2010) 605 fb-' semi.tag
Hara et al., PRL 110, 131801 (2013) 711 fb' had.tag
Kronenbitter et al., PRD 92, 051102 (2015) 711 fb-' semi.tag

ST

G f; mp

m2\ >

5 : 9 9

m? (1 — ;) fé“/ub‘ B
m%

BELLE

B*— D(0/*y, D*0 —DOy D070 - DO—Kgr, Kna®, Kam...

PRD 92, 0561102 (20195):

T— uvv, ev, 1 v, pv (1 charged track)

large backgrounds from b— ¢ (BB) and continuum
signal is obtained by fitting the ECL (electromagnetic 38
calorimeter energy) distribution: peak new zero 00

indicates t— ¢vv, v decay.

ECL simulation is validated with identically tagged

B*— D(0/*y control sample

A. J. Schwartz

Physics in Collision 2017

(all chan.)

8o o o
Excess calorimeter energy (GeV)
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V.| via Bt = t*v

Kronenbitter et al., PRD 92, 0561102 (2015):

BB T—tv)=(1.25£0.28 = 0.27) x 104
World average:
B(BT— t"v)=(1.06 £ 0.19) x 104

= using fs = (190.5 + 4.2) MeV (PDG14)

V., = (428702 x 102

There is tension coming from |V,,| measured in

0_po Iv/ . p _
B _B mIXIng’ ¢1 (ﬁ) and ¢2 (a). 0-20 ><.II(I):;I T I T TT T TT T TT T 1T T 71T T 71T L Ip Value‘l -0
L — 0.9

| T T T | T T T | T T T | T T ] — —
€ E@%! . - - 0.8

AmAmd&Ams i fitter 0.15 — ]

d Summer 14 —
) - - 4 107
— _—

7 & i }
// 7 sol.\w/'cos 2 <0 _] N _ 0.6

V2, (exclatCL>095) ] T B ]
, — 0.10 — — 0.5

7 75 2 o 4 _] e B N
. 0 ), (I)2 3 o - i 0.4

: Wz ,,/,/,”/”/ //,/"””'//,, V ] m L _
: ¢2 ”/,,/,,,,,,,:Z:’I"o,,, I ub I17 v - » _ 0.3

% — 0.05 — |
: : ~ . 0.2
! ¢3 ¢1 E : ICHEP 16 : o1
1 1 l 1 1 l 1 1 1 l ~) 0.00 111 | [ | 111 | [ | [ | 111 | 111 | 111 0.0

0.0 0.2 0.4 0.6 0.8 1. 050 055 060 065 070 075 0.80 0.85 0.90
P sin 23
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Constraint on Type II charged Higgs: B*— t'v

2-Higgs doublet model:

\‘H\\‘\H\‘\\\\‘\H\ \H\\\”\”\’/\’/;’}/y/

_ 2
B tan? 3
B(BT—71tv) = Bgy - ([1—mi—=
my
Taking f3 = (190.5 + 4.2) MeV and |V | = (4.13 = 0.49) x 103 (PDG14) gives
Bsuy = (1.09 027 _ 54) x 10°*
= WA B =(1.06 = 0.19) x 10 gives a constraint in the tanB-my plane:
100 L~ 1 current measured value of Compatre to direct search at LHC
1 Bb—sy) excludes my<400 (Jochen Meyer, PIC 2017):
4 GeV/c? for all tanp. B0 =
— et
J/ 7 Theory: Hermann, Misiak,& 8 ]
, allowed |1 Steinhauser, JHEP 1211 50 =
_| (2012) 036; Misiaket al., 45 E
- . 1 PRL98,022002 (2007) .
= " ATLAS : 40 E
. B 35 ATLAS Preliminary -

1
1
: 30 s=13TeV, 14.7f6"
: H" — tv; hMSSM scenario]
: 25 Observed exclusion 1
X 20 2015result - Expected exclusion -
! — - Observed e 3
X 151 ... Expected [ 1+2c E
]

1 :IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII%

1 1 I 1 1 1 I 1 1 1 0
400 600 800 200 250 300 350 400 450 500 550 600

H* Mass (GeV/cz)
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A. J. Schwartz

R(D) and R(D’)
(tests of lepton universality)

Physics in Collision 2017
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' B— D™ tvcan also receive contribution from a

H W charged Higgs, changing the rate, g2 distribution, etc.
b ,__,'h"" Vr
' c Define ratios:
B
O - D'*) R = B(B— D*T1v) R = B(B— Dtv)
d d D™ B(B— D*tv) D™ B(B— D)

Uncertainties from form factors and V., drop out = ratios test lepton universality.
Measured values of have traditionally been above SM prediction:

: BaBar had. tag : :
BaBar had. tag : : 033200240018 —

0440 0058 £0042 | ! Belle had. tag ; ;
02930038 x0015 ¢

Belle had. tag
0.375 £ 0.064 = 0.026

Belle sl.tag : :
03020030 0011 | *— &

m ; Belle (hadronic tau)
VSRR § ; 0270 = 0.035 + 0.0Z
0407 = 0.039 = 0.024 :

LHCb

0336 0027 0030 | —
FNAL/MILC (2015) ! : j j
-+ 3 LHCDb (hadronic tau) ; 3
0-299 = 0011 § ‘ 0285£0019£0029 NEW. FPCP 2017
HPQCD (2015) : : Average : :
A : 0.304 = 0.013 0007 | 1
0.300 = 0.008 ; : :
; S.Fajferetal. (2012) !
1 1 0.252 +0.003 o
HFLAV HFLAV
| :
| | | J | | 3 | | | | | | | | 3 | | [P | | |
02 0.4 0.6 0.2 0.3 04

R(D) R(D*)'
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Fully reconstruct hadronic decay
on tag side (1680 possible final
states)

Reconstruct Du or De on signal
side.

Perform 2-d fit to lepton
momentum spectrum and
missing mass:

leiss = (Pbeam - PD - P£>2

sk sk

To control poorly known B—D
(t/t)v backgrounds that enter
signal sample via D**— D a0
decays, require Da’u, Dii’e on
signal side, simultaneously fit
those samples (8 samples
simultaneously fit)

[ Dtau
[]Dstac

&br

N Dsl
B Dssl
[]Bkg

Events/(100 MeV)

100

100

W
o

=)

100

50

—_ N W BN
(= = N = N )
T T T T

=

B— D)zv: first discrepancy

426 fb' Leeset al., PRD 88, 072012 (2013); PRL 109, 101802 (2012)

RM

Rp. = 0.332£0.024 £ 0.018
R, = 0.440 £ 0.058 £ 0.042

RIM = 0.252 £ 0.003
RM = 0.297 £ 0.017

Updated from Fajfer, Kamenik, & Nisandzic,
PRD 85, 094025 (2012); Kamenik and
Mescia, PRD 78, 014003 (2008)
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B— DO)tv: results confirmed by Belle

_ B(B—D*tv) B(B — DTv)

711 fb-7 Huschle, PRD 92, 072014 (2015)

* — R
D" ™ B(B— D*tv) D™ B(B— D)

®  Use hadronically tagged events (as done for B—D{v analysis, 1149 possible states)
" On signal side consider only t— evv, T— uvv, select D u and D e on signal side
" calculate missing mass squared: ~ M?2. = (Pbeam - P, — PE)2

" forM? .. <0.85(B—D™tv dominated), fit M?, .. spectrum directly for B—D¢v yield

" for M2, .. > 0.85(B—D™1v dominated), fita NN spectrum to obtain B—D1v yield, because M2,
cannot discriminate between D™ v signal and D**tv background. NN has 8 inputs, but most
discrimination power comes from Er, (unassociated energy in calorimeter) and p,” (lepton
momentum in CM frame)

SM
B BaBar
® Belle —4

R(D*)

Rp. = 0.293 £+ 0.038 + 0.015
Rp, = 0.375 =+ 0.064 = 0.026

o
)

o
&)

o
S

_ . R = 0.252 £ 0.003
Also higherthan SM.: RSM _ 0.997 4+ 0.017

D =

o
w

o
[

o H\‘HH‘HH‘\H\‘\H\‘H\\‘HH'\\

©
=

o
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% = -1 Huschle et al. (Belle),
B— D( )"L"V (cont’d) 711 1o PRD 92, 072014 (2015)

[%2] [2]
2 f W B— Dty 2
M2 S160- D" mB-pw Nl;’ S
miss W | B— D*lv (M iss > 0.85) W
140" B B— Dlv
C [ other BG
1200 B B— D**ly

-0.2 0 0.2 0.4 0.6 0.8

M . (GeVZ/c?)

[2]
€
g i
{w500r
400F
300F
200F
100f

02 0 02 04 06 08 -8

MZ .. (GeVZ/c?)
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% = -1 Huschle et al. (Belle),
B— D( )"L"V (cont’d) 711 1o PRD 92, 072014 (2015)

2 F 2
S D** I B— D*tv NN S o5 D**
M2 . > . + 2 >
miss @300 + B— D#lv (M- ss > 0.85) 1
250i .otherBG
- it B 5 DIy
200~ 4
1500
I
1001 "
- F
50F+. 5
+ Bt
- bt B
02 0 02 04 06 08 8 6 -4 2 0 2 4 6
M2 _ (GeVZ/c?) Ong'
(2] L
€500 s
£ D™
400+ ++
3001
e t
200 . 4+
3 g
100_— -
ﬁ%@%
-0.2 0 0.2 0.4 0.6 0.8 -8 6 -4 =2 0 2 4 6
M2 (GeVZic?) Ong

A. J. Schwart;  Physics in Collision 2017 B Decays with mMissing Energy 30



| D* D
2 4
R2HDM _ pSM 4 4 tan 3 + B tan 0 RSM | 0.252 £0.003 0.297 £ 0.017
D(x) D(x) (%) m,, () . A | —0.23040.029 —3.25+0.32
B | 0.643 4 0.085

For a Type Il charged Higgs doublet model (2HDM), the kinematic distribution of the Tv changes, and thus the
PDFs used to fit the data changes — must refit = results depend on tanf/M,.

1

0.8F é ;
B Ly &) 0:0.9;*
0.6 - ogb |Ttheon RO) | N
~ L favored: e d R(D \
a L 0.44 +0.02 Huschle et al., - ’measure ®)
Leesetal., ¥ 04F AT 2U. PRD 92 0.7 %%
PRD 88, : 072014 o5k
072012 . (2015) -
(2013); - | | | | E
PRL 109, C E
101802 o
(2012 "%
*Q L
E’ 0.3_—
n favored:
0_2__ 0.75 £0.04
. 00 04 06 o0s \\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
0 02 , 0'4/ 8'6\/_1 08 1 % 01 02 03 04 05 06 07 08
anf/ my (GeV”) SM tanﬁ/mH+(c2/GeV)
Results inconsistent with 2HDM at 3.1o level Results consistent with 2HDM
R4 = 0.301 £ 0.039 + 0.015
REAPM) — 0,329 + 0.060 + 0.022
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B— D®)t*v : two more Belle analyses

=4 711 fb-? Sato etal., PRD 94, 072007 (2016)
" Use semileptonically tagged events: B,,, — D**{v
" On signal side consider only t— evv, T— uvv, select D u and D e on signal side

®  most discrimination power comes from Ec, (unassociated energy in calorimeter)

—_
o
[

—_
o
(]

o
N
o

R, = 0.302 £ 0.030 & 0.011

Events/(0.05 GeV)
Events/ (0.05 GeV)
N
o

Events / (0.0666667 )

-1.0 . . : : 8.0 02 04 06 08 10 12 8.0 02 04 06 08 1.0 1.2
Ere, [GeV] Eee, [GeV

D

aed /11 07" Hirose et al, PRL 118, 211801 (2017); arXiv:1709.00129

® Use hadronically tagged events (1104 possible states); On signal
side: T—=mv, T—=pV
| R

rt+1-

" Measure tpolarization via helicity angle: P,

dar

dcos 0,

T rest-frame

x 1+ aP_cos6,

( T—=nv: o=1
T pv: a=0.45

of, —

0.028
o = 0.270 4 0.035 10058
P (D*) = —0.38 £0.51 702, SM:-0.497 02 04 06 0.8
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B— D ttv: LHCbD results

-1 Aaijetal, PRL 115, 111803 (2015 %o 20000 1040 <q? <285 GeV/c* LHCb 2
3.0 : : 2 3
. K 12
. Data g 15000 — 2
I B — D*tv < 10000 q ¢
B B — D*H,(— MX)X 7 ] 2
I B — D™l £ 5000 E 3
_ _ I B — D"y z ]
® select Slgna/ via Cgrpbingtprial ” f;% iSRSt = :
D*—s DO T, DV —s K- T T — wv, Misidentified n 2 0 2 4 ”‘62miss (GSeVZ/c 41)0 500 1000 1500 %)fg(Me%s)oo
normalization is B— D*+M_V 285<q’ <6.10 GeV/c* LHCb ] 285<q’ <6.10GeV¥c* _  LHCb
°

require K-*n*u- be isolated from other tracks to reject:
B—= D" [—=D*n(x)] uv
B—D"H.[H—uvX]X
Bs a[D91(2536)’ Dv2(2573)] M+V

Candidates / (75 MeV)

Candidates / (0.3 GeV*/c*)

70
m2._ (GeV*/c*)

miss

6.10 <q? < 935 GeVi/e' | LHCb 7

E *

6.10 <> <935 GeV2/c*

® reverse isolation cutand use B— D" um, D* 'y nm,
B— D*"u K control samples to study these backgrounds

® dominant systematic comes from hadrons misidentified
as muons (use B— D**h-control sample to study this)

Candidates / (75 MeV)
S
S
S
S
IIIIIIIIIIIIIIII

Candidates / (0.3 GeV/c*)

= Z 2
& 2 g 2
[ ] / — — B
define m2,,s, = (P - Pp: - P,)? and 2= (Pa-Pp)?, count L 3001000 0
signal via binned ML fit to m? s, q°, and E’, ERRATT T ey T R ECP T o T
3000

® Fitfinds 363000 B— D" uv, 16500B—D""Tv

Candidates / (75 MeV)

Candidates / (0.3 GeV*/c*)

Rp = 0.336 = 0.027 £ 0.030

0
(GeV*c*)

miss
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% 3.0 b7 Aaij et al., arXiv:1708.08856 (first presented at FPCP2017)

2200

select signal via D*+— Dz*, D°— K-nrt, T — nntn~(n0) v,
= normalization is B— D" 'r-m*m-
B(B’—- D*"r s atrn D)
B(B°— D*tntn—n7)
B(B°—D*"ntn—w7)
B(B° — D**u~ )

Ky =

= Rp. X

require w*r*m vertex be downstream (separated) from D*
decay vertex to reject B— D*n"n*nX. This rejects
background by ~1000, but &5, = 0.35

still have backgrounds from B— D" D, [ m'n*m X ] X.
Use BDT to reject these. Take admixture (=shapes) of the
remaining background from fitting a D, — ' 7" m-selected

control sample

dominant systematic comes from B— D" D, [— n'm*'w X |
X decays and ¢,,;,. Also notable systematic from residual
B—=D'n'nmX

count signal via binned ML fitto t_, g4, and BDT output.

Fitfinds 17660 B— D" ‘nntn-, 1273B—D"'tv

B— D ttv: LHCbD results

2 2000
21800
S 1600
Z 1400
3 1200
5 1000

o

Q

< 800

© 600
400
200
1400

——

1200
1000
800
600
400
200
500
400
300
200
100

50

40

30

20

10

0

0.5 1.0

' BB — D" t"v,

.
B — D""D!(X)

[ EEB— DD'X)
B — D"3xX

F mmB— D DX

low
BDT

v
high
BDT

6 8 10
¢ [GeV¥ ¢4

K
R, =

1:)*

1:)*

1.93 £0.13 £ 0.17
0.285 4 0.019 £ 0.025 4 0.0

Overall LHCb average: Rp.

= 0.306 £ 0.016 £ 0.022
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VN 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
* 05F I— BaBar, PRL109,101802(2012) 5 ! ! .
a) ~  ——— Belle, PRD92.072014(2015) Ay~ = 1.0 contours .
Y [ LHCb, PRL115,111803(2015) . 4
0.45F- — Belle,PRD94,072007(2016) e=== S5M Predictions .
""" ——— Belle, PRL118211801(2017) R(D)=0.300(8) HPQCD (2015) . - -
.~ ——— LHCb, FPCP2017 R(D)=0.299(11) FNAL/MILC (2015) - Data is 3.90 above theory,
04 [ Average R(D*)=0.252(3) S. Fajfer et al. (2012) _T]
- . a x?=18.8for 2 d.o.f;
0.35 - I B p-value = 8.3 x 105
03 [] ) -] LHCb run Il data, Belle Il
C h ] should resolve this
= |1 = v E
[ EPCP 2017 |
02 | | | | P(x%) =71.6|%—_
0.2 0.3 04 0.5 0.6
R(D)
SM Predictions:

R(D) =0.297 +- 0.017 [Kamenik & Mescia, PRD 78, 014003 (2008)]
R(D*=0.252 +- 0.003 [Fajfer et al., PRD 85, 094025 (2012)]

More Recent SM Predictions (Lattice):

R(D) =0.299 +- 0.011 [Bailey et al. (FNAL/MILC), arXiv:1503.07237]
R(D) =0.300 +- 0.008 [Na et al. (HPQCD), arXiv:1505.03925]
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“Forefront” decays

(hard)

Physics in Collision 2017
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B—>hVV (h=.777+, JEO,p+,p0,K+,KS9K*0)K*+)

711 fb1 Grygieretal. (Belle), arXiv:1702.05224 (2017), to appear in PRD

A. J. Schwartz

Semileptonic tag: use Neural Network (NN) to identify B — D®lv decay on tagging side. Including
D° and D* modes, there are 108 different decay channels considered.

Require only relevant tracks on signal side: no extra tracks, extra n°’s, or K;’s.
Suppress continuum background (uu, dd, ss, cc) with a second NN based on Fox-Wolfram moments,

event topology

Reject backgrounds with a third NN based on 17-31 kinematic variables
Fit Ecc, (unassociated energy in the calorimeter) distribution for signal

Events / (0.1 GeV)

Events /(0.1 GeV)

7

0.6 0.8 1
EccL (GeV)

Physics in Collision 2017

Events /(0.1 GeV)

Events /(0.1 GeV)

1 1.2
EccL (GeV)

0.2

Il signal
b— ¢
I continuum

b— u,d,s

04 06 0.8 1 1.2
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B—>hVV (h=.777+, JEO,p+,p0,K+,KS9K*0)K*+)

Ty \
Y,

D
_1 . .
711 b7 Grygieretal. (Belle), arXiv:1702.05224 (2017) ®  BaBar hadronic — M prediction
®  Belle hadronic A Belle semileptonic
K+ A BaBar semileptonic

> > ¢« o
& s °
g g B 104 ‘ o o
g = O .
2 2 X ¢ S e
o o = Y ® A
i w A

< A

A
QE L A A : A
02 04 06 08 1 12 S107¢ C— A
o (GOV) 2 : : : ; ;
£
K* B -
> > 7 —
) )
O] O] 6 1076 ‘ : ‘ : ‘ : ‘ : ‘ : ‘ : ‘ : ‘
S S 5 Ktvo Ko K*'vo K% ntvr 7Ovp v ptuw
E E 4 B decay channel
[ [
2 e 3
L L 5
1 ® no signals observed
% ® most limits are the world’s best
EECL (GeV) o

limits are a factor of 2.7 (K') —
3.9 (K) above SM prediction
= Belle Il should get to SM level
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% 3.0 b7  Aaijetal., PRL 118, 251802 (2017)

LHCb simulation

' r I - 25 w»n

° . . = 12001 L ?? : ﬁ z

reconstruct T — mta- v, requiring good 3-track vertices CR . g
® normalize sensitivity to B— D-D,* , with D-— K" w -, D;*— K"K~ 10001
® As vt— ata v proceeds mainly via v — a,;(1260)v— p°x*v, divide g o F 15

B°— vt~ candidates into 9 bins based on &*7~ mass; require both t ; 0

candidates to be in bin 5; background is modeled from (4,5,8)x(4,8) i
® require isolation cuts based on tracks, calorimeter energy 00l 5
® impose cuton 7-input NN1 }
® signal yield is determined from binned ML fit to 29-input NN2 output 200 300 600 800 1000 1200

m_._ [MeV/c?]
-CR 2 10° o~ 1800f
NG = N3, (AR - oS sl LHCO | 2 o H LHCh
S ; é’ 1400F —+ Data
< [ 4 Data 12005 0 N~
» 0.16 w  1f © e e — Total g F — B D*_DS
= o1l Lg{Cb+simulation g LHCb . I = -1 x Signal 7 100t B’— D D}
L Lrada s =2 Control region 10 f — Background = 80 1| B’— DD;*
b 0']2:;%+ i + g —— i = F s
FRISE s S L e N R A AT A Comb. bkg.
5 0.08F ] o —— TN P NN TN P T T T S 400
s r g —— . 5 @)
K 0.06]- s - =0 200
0045 S107°F - A s Eol S I O, o ‘
E —+ Signal region - - 0 0.1 02 0304050607 0809 1 5((\300 5100 5200 5300 5400 5500 5600 5700
%027 4 Control region Neural network output My [MeV/e?]
0102703040506 0708 09 1 ot

Neural network output

A. J. Schwartz

10°

X} I I I W W N N EE SR
0 010203040506 070809 1
Neural network output

Results:

Physics in Collision 2017

B+t s

B — 7t

B<1.6x 1073

T . 8

80
—15 130

+75
—23 "6

B<5.2x1073

(90% C.L.)
(90% C.L.)
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m2\?
B(B—putv) = Fimi <1—m—“> f§3|Vub|2TB

2
B

® require well-identified muon in momentum range 2.2-4.0

GeV/c (“monochomatic”’range: 2.4776-2.812) M = JE 5
® opposite side B is not reconstructed; require this side to be = beam — PB
satisfy M,.> 5.1 GeV/c? and AE € (-3, 2) GeV AE = Eg— By
® to reduce remaining 3-orders of magnitude background, use
14-input Neural Network (NN) =
® signalis counted via 2-D binned ML fit to Oyy and p,;” . Fit 3% Owy > 0.84 A
parameter is the ratio N(B — u~v)/ N(B —=auv) g o0 =§Z§K
DB
= 400 []q@+QED
{7 1B—uv x 10
PRELIMINARY 2°°7 s
03735 26 27 28 20 3 31
B(BT —putv) = (6.46 +2.22 £ 1.55) x 1077 < r hadies
i + +
(2.40significance) & B +4
100~

P € (2.6,2.85)GelV/e

0 0.1 02 03 04 05 06 07 08 09 1

OI"II"I

(=]
TTT
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® Decays with neutrinos (semileptonic and leptonic decays) provide an important way to
constrain the CKM unitarity triangle (measuring sides) and search for new physics (e.g.,
charged Higgs). This is complementary to measuring the internal angles.

® The current data shows notable discrepancies:
Inclusive |V | is higher than exclusive |V, by 2.4-3.40
Inclusive |V | is higher than exclusive |V ;| by 3.30

R(D) and R(D*) are both higher than the SM prediction, which has little uncertainty.
The difference is 3.90

The B*— t*v branching fraction is ~2o higher than the SM prediction
Data not consistent with a 2-Higgs doublet model
® Two major upgrades in progress:

at KEK in 2010-18 = Super B factory: L x 40 = 50 ab™'!. Essentially a new

experiment, most detector components and electronics are replaced. First data in
2019

at LHCbh: Phase 1 upgrade during Long Shutdown #2 (2019-20) to take data for
Runs 3 (2021-23) and 4 (2027-29)

These will allowed greatly improved sensitivity to new physics, should notably over-
constrain the Unitarity triangle, and should resolve the above puzzles
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% 3.0 fb " Aaij et al., arXiv:1708.08856 (first presented at FPCP2017)

Backgrounds from

B—D" D, [— n'ntm X ] X:
Use BDT to reject these. Take admixture
(=shapes) of the remaining background
from fitting a D, — m*n* m-selected control
sample:

Tuning D, decay model using another data
control sample:

A. J. Schwartz

Physics in Collision 2017

2 180 e Data

% 160 —— Total model
= B B° - DD}
S 140 BB - DD

B — D'D,"(2317)

B' — D*~D*(2460)
B 3% - D™Dt X

B! — DDI X
I Comb. bkg.

4500 5000 5500
m(D“mw*m w*) [MeV/c?]

2000 - —|— data
C ot = o 0o
1500 - Mo -

I:I Other D} decays
. Non-D? background

—_
=)
=1
S
!

Candidates/(40 MeV/c?)
=
T

00 300 400 500 600 700 800 900 1000 1100 1200
min[m(z*x’)] [MeV/c?]

w3
S o 9
S oS O

(=
[=}

Candidates /(40 MeV/c?)
B g 35
(=] [=]

—_
(=]
S

800 400 600 800 1000 1200 1400 1600 1800
m(z*tr*) [MeV/c?]
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D o0
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Missing Energy decays in Belle 11

€rrours.

Observables Belle Belle 11
(2014) 5ab~! 50 ab~!
arXiv:1002.5012 UT angles sin 23 0.667 & 0.023 + 0.012 [64] 0.012 0.008
(Belle 11) a [°] 85 + 4 (Belle+BaBar) [24] 2 1
v [°] 68+ 14 [13] 6 1.5
arXiv:1008.1541
(SuperB) Gluonic penguins S(B — ¢KO) 0.90709% [19] 0.053 0.018
S(B — n'K°) 0.68 4 0.07 & 0.03 [65] 0.028 0.011
S(B — KYKAKY) 0.30 4 0.32 & 0.08 [17] 0.100 0.033
A(B — K%70) —0.05 £ 0.14 £ 0.05 [66] 0.07 0.04
UT sides |Vep| incl. 41.6 - 1073(1 £+ 1.8%) [8] 1.2%
V| excl. 37.5-1073(1 £ 3.0%cx. & 2.7%¢1.) [10] 1.8% 1.4%
|Vaup| incl. 447 -1073(1 4 6.0%ex. + 2.5%m.) [5]  3.4% 3.0%
|Vis| excl. (had. tag.) 3.52-1073(1 £ 8.2%) [7] 4.7% 2.4%
Missing E decays B(B — 1v) [1079] 96(1 £+ 27%) [26] 10% 3%
B(B — uv) [107°] < 1.7 [67] 20% %
R(B — D1v) 0.440(1 + 16.5%) [29] 5.2% 2.5%
R(B — D*rv)t 0.332(1 + 9.0%) [29]* 2.9% 1.6%
B(B — K*tuvv) [1075] <40 [30] <15 30%
B(B — K*vw) [1079] < 55 [30] <21 30%
Rad. & EW penguins B(B — X,v) 3.45-1074(1 £ 4.3% + 11.6%) % 6%
Acp(B — Xgq7) [1072]  2.24+4.04 0.8 [68] 1 0.5
S(B — K27%) —0.10 4 0.31 4 0.07 [20] 0.11 0.035
S(B — py) —0.83 £ 0.65 £ 0.18 [21] 0.23 0.07
C7/Cy (B — X00) ~20% [36] 10% 5%
B(Bs — v7) [1079] < 8.7 [42] 0.3 -
B(Bs — 77) [1073] — <244t -
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