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- Other excited D** states not measured? Missing modes with multipions or other
mesons (1)?

1/2 < 3/2: OPE predicts B— D(1/2) £ v << B — D(3/2) £ v

- Direct measurements observe an enhancement of the B — D(1/2) £ v

 Inconsistences between BaBar and Belle!
R(D)-R(D*) discrepancy with SM prediction at 4o level

- Combined measurements from BaBar, Belle and LHCDb



Semileptonic B, decays

« Much less is know on semileptonic B, decays

« Only difference with B%* is the spectator quark

e Expected corrections due to SU(3) breaking effects
R

* Inclusive decays
« Bigi et al. JHEP09(2011) 012, solid prediction

_ T(B,)/T(B,) ~ 0.99
%

« Exclusive Form Factors for B, — D (*){'v expected similar to B — D(*){v

« P-QCD: differences < 10%, Xiao et al Chin.Sci.Bull (2014)
 LatticeQCD in B, — D.fv: very small SU(3) breaking

» Steeper slope and larger curvature FNAL/MILC PRD85, 114502(2012)
 Similarly HPQCD, arXiv:1611.09667v2; Atou at al. EPJC (2014) 74:2861
 Not yet L-QCD calculations for B, — D *fv

/

Lattice calculation possible only at large recoil, it would be crucial to test
experimentally the SU(3) brwaking in the full kinematic range



Why semileptonic B, decays

e Cross-check of the B SL decay: everything done on B semileptonic can
be repeated on B,

* Important to measure magnitude of the SU(3) breaking

« Measurements of the FF are crucial for predictions of hadronic B, decays
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Why semileptonic B, decays"

e Cross-check of the B SL decay: everything done on B semileptonic can
be repeated on B,

* Important to measure magnitude of the SU(3) breaking
« Measurements of the FF are crucial for predictions of hadronic B, decays
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_f_h mmm chiral-continuum extrapolation
mm lattice-scale uncertainty
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mm HQ discretization errors

LQ and gluon discretization errors
other systematics

BT

« Lattice more precise: calculations can be
done at the s-quark physical mass
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e True forbothb —candb —u

" Golden modes for V| and |V |
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B.— Kuv@ LHCb

- Comparison with A, = p v S. Stefkova @ ICHEP
Decay A, — pp~ v B - K utv
Production fraction 20% 14%
Branching fraction 4 x 10™* 1x10~%
Source of backgrounds AF Ar, D° DT, Ds
B(X.) error HFAG16 | +3.7%(biggest systematic!) +3.9%
Theory error FF 5% < 5%
Normalization channel A — ANfpv B - D_putv

Backgrounds in the normalization channel for the B_: more difficult to fight

B(Ap = Acpv)

6.2% First excited D, decays mainly in neutrals:

B(Ap = Aepv X)) 10.27% - standard isolation tools does not work

B(Bs — Dgspv)

2.4% - rely on kinematics and the ECL

B(B, = D,uvX) ~ 81%

« Same trick used for A, — p p v (both g2

solutions > 15 GeV?) or a differential
measurement?
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J¥ Mass (MeV) Width (MeV) Observed decays J¥ Mass (MeV) Width (MeéV)  Observed decays
Di 0F 2352450  261+50 Dr 07 23178406 <38 D7
Di 1t 2427436 38471 D*r D\, 1T 24595406 <35 D1’ D7y, DinTn"
D 17 4213406 271427 D'z, Dl7rtr D 17 2535284020 <25 D**K" D*K*
D; 2F 24626+07 490+14 D'z Dr Dy 2t 25726409 2045 DK
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Why semileptonic B, decz

- The excited D,** states have huge differences with corresponding D**

~

« J=1/2 states D,* and D,' are narrow

 Decay into D through neutrals (y and x%),

- Have to rely on kinematics and the ECL (neutral reconstruction/veto)
- Only D,' feed-down into D *

« The j=3/2 states D, and D_,* decay in DK and D*K

« Those do not contribute to feed-down into D or D*

/

J¥ Mass (MeV) Width (MeV) Observed decays J¥ Mass (MeéV) Width (MeV)  Observed decays

Di 0F 2352450  261+50 Dr DY 0% 23178406 <38 D7

Di 1t 2427436 38471 D*r 1T M595406 <35 DT Dfy,Dintan
Dy 1t 4213406 271427 D'r,D’rtr~  Da 17 2535284020 <25 D**K’ DK™
D; 25 24626+07 49.0+14 D'r,Dr Dl 27 25726409 2045 D°K*




B — D**¢v .30 B, SN

« B — D*fv Decay into narrow resonances consistent with prediction

BELLE had.tag B+ DELPHI
0.25+ 0.04 %+ 0.06 2= 0.83+0.17+0.18 =
_ Deca i nto BELLE had.tag BO BELLE had.tag
y 0.23+ 0.08+ 0.06 E— 003+ 006+ 007 A
wide 72
BABAR had.tag : BABAR had.tag i
States Nn Ot 0.3140.04 + 0.05 = 0.26 %+ 0.04 %+ 0.04 B
Clea r Average Average
0.28 + 0.03 + 0.04 = 0.13% 0.03 £ 0.02 By
HFAG HFAG
:
Kdof = 13.2/ 2 (CL = 66.00 %) : ®/dof = 18.0/ 2 (CL = 0.00 %) :
| | | | | | | | | i | 1 | | | L | | | | | | | | |
0.2 0 0.2 0.4 -0.5 0 0.5 1

B(B — Dy’1 v) B(D." —» D" ) [%]

B(B — DY I'v) B(D] — D"' 1) [%)]

« D, excited states are all narrow, so they offer a new Becirevich et al. PRD87(2013) 054007
path to understand these puzzle

Navarra et. al. PRD92(2015) 014031
Zhao et. al. EPJC51 (20017) 601-606

« Moreover SL decays into D(2317) and D, (2460) can
shed light on the nature of these states

PLB 698 (2011) 14-20 ﬁ%%

- SL BF into 3/2 states have been measured by DO B(B. = Dz Xuv) _ — (3.3+1.0+04)%

and LHCb BB, — Xy

.l'fi-'(B:J — D Xu~7)
» Consistent with HQS predictions and B decays

B(B. — Xp-v)
M.Rotondo Paris 2017 '
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B, at B-Factories

_

At B-Factories B, production requires special runs at the Y(5S)

LT B
EBB BBt BE* o
‘U ps BB BB ﬁ
Lo iy i P -
pan :
oE Y(10860) E
o 1_— ‘ -
08F: | =

it
0.6]: | .
04__' "; f H ' : :* !H“ TR —
. __l ﬂ;*q, W, ;+'u+'f m+“+?+\'*+'*';}'+:”'? m*ﬂ‘*h‘t-‘c.: u"ﬂ'a“i!f'h'“w ,'?

020
U_I :! 1 |i 1 I:I | | Iil 1 i| | Ii | | | | || 1 1 | 1 | 11 | 1 1 1 1 |—
10.6 10.7 10.8 10.9 11 11.1 11.2

\Js [GeV]

BaBar PRL102,012001(2009)

2T

H

,//
. Y(4S) h
\ ~1OOO/O BB /
4 Y(5S) A
~80% BB + B*B + B*B* + BBx
17.6% B_*B.*
1.35% B_B.* - 115 decays
~ 0.5% BB, ’ y

m(B.*)-m(B,) ~ 50 MeV

Belle collected the largest sample at Y(5S)
L = 121.4 b corresponding to N(B,) = 6.53 x 10°

o(Y(10860) — B_(*)B,(*)) = (53.8 +1.4 + 4.0 + 3.4) pb
Compared with o(Y(4S) — BB) = 1.06 nb

 Semi-inclusive of Bs decays
measurement

B, — D\, X

y PRD92,072013 (2015)
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At B-Factories B, production requires special runs at the Y(5S)

. BaBar PRL102,012001(2009) Y(4S) A
P R i ~100% BB y
MENL ERE Y(5S) -
phi = A I B IS S INOPPNPON E ~80% BB + B*B + B*B* + BBx

\; 17.6% B_*B.*
Hadronic Bs tagging can be exploited - 135% B B_* ~ 1/5 decays
to clean up the signal TS into B
Y 0.5% B.B, p

First studies promising

F. Breibeck @ ICHEP 2016 E,. . = 0.68%

tag

Situation is quite different from Y(4S): 2
Soft gamma's cannot be reconstructed

m(B.*)-m(B,) ~ 50 MeV

Semi-inclusive of Bs decays

the momentum of the Signal Bs ca be

\_kfwn with multi-fold ambiguties /«ét Y(5S)

S

fompared with o(Y(4S) — BB) = 1.06 nb

, )=6.53x106 B, — DX
o(Y(10860) — B_(*)B.(*)) = (53.8 1.4 + 4.0 + 3.4) pb g

. measurement

y PRD92,072013 (2015)




B, at LHCb

B LHCb PRD85(2012) 032008
« Inthe LHCb acceptance \ 0
_ fs
— O77ey(bD) =72 £ 0.3 +£6.8 uN T —
- Opgrey(bb) = 154 £ 114N T , ]
« About 14% of the b-hadrons are B sl + re—— :
fo/(f, + f2) = 0.134 £ 0,004 0011 U T i
0 - I5 - 1I0 . {
_ P; (charm + p) (GeV)
« SL B, — D (*)fv decays largely studied for .
production, mixing and lifetime studies “PF  LHCb e
700 . d\E=TT&‘|.FData ___+__:- --.,_,__i
» SL decays as a function of the g2 already so - ~-data Ly
studied with only first 3pb-1 (high efficient s00f- - Dy’ |

Events/(2GeV?2)

trigger) « oo
300 N A 1
. Crude assumptions on D */D, 200 -- background | |
100 ___'[""'
 Need further studies to translate in 0 T vl B ;
measurements of the Form Factors 10 N 0 ]
q*( GeV?)
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« Preliminary results on flavor-specific lifetime with B, — D (*){v, D, = KKn

Based on 3fb-1: super-clean sample
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B —» D utv 57.77 = 0.91
B? — DY (D)X 3.21 + 0.74
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Semileptonic B, at LHCb:

D
« Preliminary results on flavor-specific lifetime with B, — D (*){v, D, = KKn

« Based on 3fb-': super-clean sample

- 100K D*u 400K Dgu B. Maurin @ Lake Louise 17

N L S A B A B B ——————
~ Lo i - 9000 ' | | o
Ef&SGUU _.-DE“];;;comm-anons D g 8000-— BQ e Data ]
= 30000 — D -:ionllblnatmns S —g 7000 :_ B?s,l i Dr,’:,_i_ Uty _:
ggsmg LHCb Prfl:lunmary E 6000 B?” g D.ml Qv -
20000 - 5000~ [_] Physics background
@ . 4000 — o -
:g 15000 _; 3000 ] C*ﬂmbmatoncs E
S 10000 = 2000~ =
S . 1000 — &

5000 - B .

30000

Candidates per 55 MeV/c?

Gs 1.85 19 195 2 L o
D mass [GeV/c’] 25000 5
20000 ]
« Good discriminating power between B, — D, 150001 -
* 10000}~ ]
and B, — Dq ot :
« Study the g2 distribution is needed for O A ]
possible measurements of FF shape in B, — R R - .
D m., [GeV/c?]
S
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« Requires the reconstruction of a soft photon from D *-->D_y (BF~94%)

« Already used for B, — D.*n (JHEP06(2015)130)

- T T L2 - T T - T T L g\

TnwET Y ' LR AL AL AR~
g 2000 LHCb ;t e . 7" data § 3500 LHCb + Data -
= — D."" 7" simulation L) 5 ‘%gﬁgi
= 1600 . | = 000Efy e Signal B~ D"
L L] ) @ =
g 1400 ~|'.'.- . = B0 B combinatorial
= Q 2000F i =
5 1000 S \ 9 a _ I:l B’— D/p E
5 S00E ""M s B :- o E
O s00 o, Lﬁj By— D p E
400 3
200 =
v 100 150 200 250 5100 5200 5300 5400 5500 5600 5700 5800 5900 6{_300
A, [MeV/c?] m(D"n*) [MeV/c?]

« B, — D.*lv, expected very clean compared to B — D*{v,
« only down-feed from D_,'=>D*n® (BF~50%) decays

* Possible (almost)full angular analysis and extraction of the FFs
« How to proper normalize the signal and extract |V, |?

- Most natural channel is B.—D "=, but uncertainty is ~20%, we have to rely on
external measurements from Belle(ll)

M.Rotondo Paris 201 7//



« Requires the reconstruction of a soft photon from D *-->D_y (BF~94%)

« Already used for B, — D.*n (JHEP06(2015)130)
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= Q 2000F i =
5 1000 S \ 9 a _ I:l B’— D/p E
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« B, — D.*lv, expected very clean compared to B — D*{v,
« only down-feed from D_,'=>D*n® (BF~50%) decays

* Possible (almost)full angular analysis and extraction of the FFs
« How to proper normalize the signal and extract |V, |?

- Most natural channel is B.—D "=, but uncertainty is ~20%, we have to rely on
external measurements from Belle(ll)
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Summary and outlook

* Y(5S) useful for precise measurement of absolute Bfs

o SL studied
* For Belle-ll, Good Physics Case for a run at Y(5S3)

« Huge sample of B, available at LHCDb

 |tis going to be fully exploited to measure Form Factors, BF
ratios

-V, will require a proper normalization channel

« Decays into D" can be studied
« Access R(D,) and R(D.*)

« B, — Kuv: all tools successfully used for A,— puv can be used
also in this case

M.Rotondo Paris 20);7
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Improve kinematic resolutio

« Can we get useful estimation of the b-momentum without using the
momentum of the b-decay products?

|F| Magnitude of the fligh
vector

Other b and/or
rest of the event

g

Polar angle of the flight
[ eﬂight J J

to the impact on the

decay vertex resolution

Residual bias due
vector ]

M.Rotondo Paris 2017 // 19



P~ i <apprOX|mat|o> Pa Mb|F|

Apply|F|> 3mm
0 T 400

of e | T T e

00 2 300 GIiIIIIiIniiiiiiiiiiiiiIiiIiiiiiiIiiiiiiiiiy

m| L SN el [

200+ hmm e s R e ama e ma i me e o LTIl

P [GeV]
P [GeV]

: S0 fiifiiiiiiiiETIIG
mo-Eééésssésééééésaé%ﬂ“’a'C'or're'l'a'tron" ISR E ¥
o B U 100 F gggggggggsasssas:ﬁSO% cerrelation

so | (AEEEEE wrth momentu B EHHE
%EE%????EE?:?@: ------------------ >0 EE%E???:__ \A/th] rTl()fT1EET1tlJrT1
0 10 20 30 4 30 6 70 8 9::) 100 0L ——i

1;’5.111({-}ﬂJ ght)

0 5 10 15 7D 25 Sﬂ 35 4ﬂ 45 50
Flight length [mm]

e Study performed with Pythia: pp->beauty at 7, 13 and 100TeV
« Case study: B, —> KM pv/DXpv

- Vertex quantities smeared with the LHCb VELO resolution
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Unbiased momentum recor

 How to exploit these features and some practical applications

P. - [GeV]

e Arxiv:1611.08522 G.Ciezarek, A.Lupato, MR, M.Vesterinen

1) Usingyy,
2) |F| & fm‘m

nuouunuunllll [ ]
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s 00000000000 O0O
so000000000ccoo
oo0d000d000oooooo s
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-esl000000O0cmo®
|

50 100 150 200 250 300 350 400
P, [GeV]
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Application to semileptonic ArXiv:1611.08522

« 2-fold ambiguity in the neutrino momentum reconstruction

« Resolution of P, ; is enough to improve the chance to choose the right P, .
solution over random choice B, — K*) p v

100

' ' ' ' 100 T T T . . T . T T T
— i «P° _ _ .
= = 2| Small impact due to the selection
& ssl £ .| (standard selection)
= sof 2 s}
g T5+ ‘E‘L: 75 |
E 70 % 70}
ks o1 - - T * ”; 651 - No cuts
% 60 - i 60 -+ Pp cuts
(& 550 o 551 —-—P,p:J] cuts
03 22242628 3 32 3:4“3.'6 38 4 42444648 5 T2 1 e s 10 12 21'4 16 18 20 22
A2 [aV=1
wl e B. > Ku\
. . . . 2 90 - ° — MV
Application in dI'/dgs measurements ol s _
. . . . . —_ —&— ® i
 Bin purl'lty as figure _of merit: fraction % ZE+ - . o —— ° o
of candidates for which the reco-g?> £ 5| ~—o— o o000~ ©
falls in the same true-g2 bin = 4ot
/| L
22 | —@— Best (7 bins)
10 F ——— Random (7 bins)
0]

0 2 4 6 § 10 12 14 16 18 20 22
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Other usage: oscillation

« Large impact on the oscillation

measurements with SL decays B.—D_pv

F[D.-_:_”Jr:t] - F[D:ﬂ_:ﬂ

C[Dyp*,t]+ T[Dfp=t]

100

Rate of correct solutions |%]|
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Rate of correct solution depends on the
asymmetry between the two solutions
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N, from 2, challenge from the many

_

1€ |
Additional constraints if the heavy meson comes from a narrow resonance
« Sheldon, Zhang Adv.HEP 2014, 9312571

ok

* + -
o B82 — B*K
E . Nu E R A N L N R L IIIII"'E
T Av Zb*—> /\bTI' %40005_ LHCb H q
- @ s 30 JINST 11 (2016) ~4K/fb E
; w bttt it [ S 3000F Po5010 | E
= : nyf " = 10 3
E + TRIRIERL S250E B, — B*K 5
T o S 2000F E
- 3 - .
. 1500 F A
— E =
CDF 5 1000
PRD85,092011(2012) O 5ok
0 002 008 009 0412 015 018 0.21 DU 50 100

Q(E, —+Ax) [GeVic?] Q [MeV/c?]
Narrow well separated resonances
and clean signature due to the Kaon.

overlapping states It allows to study B, decays
Promising but we still need to fully * B*ommpv
exploit these techniques « Bt S KKpv
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Other SL decays...
o~ 18000 ———————— E—
_::; - [ Combinatorial LHCb .
= 15000 - -Epﬁs'idmdﬁ‘?d preliminary
< B Bl Dpuv .
12000

2 9000f

E -

= 6000F

g

O 3000

 Large contribution from A — N* yv

2000
Corrected pu~ mass [MeV/c?]

5000

« ReconstructingN —-p 1

./'
—~4000 ——————————
P LHCD prelimmary
% Ay
S 3000~ Ay
% .
2 2000
8 [
o~
2 [
= 1000 -
3 [
O
O_ 1 | ] |
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Corrected pK m*u mass [MeV/c?]

e Study explicitly the contributions from
N—NS UV

« Reduce uncertainty due to N* states in « Adding 2 pions (BF(A;* — A, " )=67%)

A, — pMv now included with a Gaussian

constraints

 Could be crucial in the study of
backgrounds in A, — ptv

M.Rotondo Paris 201 7// S

e Crucial to understand these background
in the study of A, — A_tv



_B,— D" v

« The D.* got down feed only from

Ds1 ’
mainly through DK channels

2.5

~~

>

hlgher order resonances decay & ® 2.6

n

7))
 Excited D" states are well separated © 2.4

 The states below the DK threshold

can be studied explicitly

reconstructing the soft ¥ and y

« To extract |V, | a proper
normalization is required

=

Lk

2

J\/

I | L]

J¥ Mass (MeV) Width (MeV) Observed decays
D*, 0t 2317.84+0.6 < 3.8 DY
D!, 1T 2459.5 4+ 0.6 < 3.5 D % DF~, DI ntw
Ds1 11t 2535.28 + 0.20 < 2.5 D*tK°® DK+
D*, 2% 2572.6+0.9 20 + 5 DK™
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RICH detectors Muon system
L S 2 U p g ra d e VErtex LOcator new photon detectors (SiPM) new off-detecor

new (silicon pixels) improve RICH1 optics electronics

LHCC-I-018

40 MHz readout
5 X higher luminosity

LHCb

Run 1 3
Run 2 10 interaction

point
Run 3 25
Run 4 50 Tracking system Calorimeters

new (silicon strips, scintillating fibres) new readout electronics
Run 5 300
LHCb Upgrade ————
— HL LHC —m—m———
2021 2024 2027 2030 2031 2034 2035

I Phase 1 I ‘ Phase 1b\ ‘ Phase 2 I
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Events/(2GeV?2)

 Crucial to perform the measurements in bins of g2

PRD85 (2012) 032008

LHCb paper on Bs and
Lb production

« SL decays as a function of the g2 already studied with only 3pb-1 (high efficient trigger)

 Need further studies to translate in measurements of the Form Factors

° BS —> DS(*)

800 LHCb ,
700 Vs = 7 TeV Data —] ;.-..-
600 -»- data i
500 = R ; ;
400 -D, T 3
300 P rT -
200 -- background ;T E
'\ =
100 ' 2
wwat
0 =t =
-10 -5 0

Crude assumptions on the FFs and
on the D.*/D, and A_*/A_ rates

X EREERER

50

e« Ny—=NASUv
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J¥ Mass (MeV) Width (MeV) Observed decays

D§ 0t 23524 50 261 + 50 D

Di 1T 2427436 3841158 D*r

Dy 17 24213406 27.1+27  D*x, D%t o~
D3 27 24626 +0.7 49.0+1.4 D*m, Dx

M.Rotondo Paris 2017 ,
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Composition of SL decays/

| LHCb
[ (a) D (2420)’
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