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B, physics

» Unique state that contains two heavy quarks of different flavors
» Mass Spectra are calculated in QCD models

— B} was first observed by CDF in 1998, confirmed by DO  Phys. Rev. Let. 81 (1998)
— B}t was first observed by ATLAS, no independent confirmation

PRL 113 (2014) 12004

» Rich decay modes

1. b quark decay ~20%

2. cquark decay ~70%

3. annihilation decay ~10%
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> Precise measurements of mass, lifetime, branching fractions can
provide information to test theoretical models
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LHCb detector JINST 3 (2008) S08005
UMPA 30 (2015) 1530022

Pseudorapidity acceptance

RICH1 & RICH2 2<n<5
e(K - K) ~95%

K miseid: ~ 50 Calorimeters
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e oA ECAL: 0z /E ~ 1% + 10%/,/ [GeV]
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Decay time resolution: Ap/p = 0.5%@5 GeV/c e(u—>p) ~97%
45 fs (T)~1.5p to 1%@200 GeV/c |m— umis-id: 1 ~ 3% 4




LHCb data

LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2017

RUN-I
1 fb! of pp collisions at 7 TeV
2 fb! of pp collisions at 8 TeV

RUN-II (2015~2018 13 TeV)

s 2017 (6.5 TeV): 1.35/b
o 2016(6.5TeV): 1.67 /b |...
2015 (6.5 TeV): 0.33 /fb o(RUN-Il)= 20(RUN-I)
o 2012 (4.0 TeV): 2.08 /tb
2011 (3.5 TeV): 1.11 /fb |-
2010 (3.5 TeV): 0.04 /fb

i | | i i | |
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Integrated Recorded Luminosity (1/fb)
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> All b hadrons: | | LHCb: 6(pp — BY)ina ~ 0.3 pb |

B° B*, B? BT ..

B° B B! b baryons (4, ...)

Fraction(%) 40 40 10 10 0.1
Component bd bu bs bqq bc
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B studies at LHCb

M(B: = ]/yn™)

[PRL 109 (2012) 232001]

M(B: = ] /YDs)

[PRD 87 (2013) 112012]

Mass N ——
M(B} - ] /yppr?) [PRL 113 (2014) 152003]
M (B} = JJYDWK ™) « [PRD 95 (2017) 032005]
o(BY) B(BF - J/yr) [PRL 109 (2012) 232001] 7 TeV
Production o(BY)B(B* = J/YK™) [PRL 114 (2015) 132001] 8 TeV
0B s 0+
= B(Bf - Bn*) * [PRL 111 (2013) 181801]
G(Bs)
o (B = J/Yutv,X) [EPIC 74 (2014) 2839]
Lifetime
(B} = J/Yyr™) [PLB 742 (2015) 29-37]
Bf > J/yntnnt [PRL 108 (2012) 251802]
[JHEP 09 (2013) 075] 7 TeV
+ + + + . a
BB = J/WK™)/(BBe = J/¥m™) | 11iEp 09 (2016) 153] 788 TeV
Decays PRD 87 (2013) 112012] 7 TeV
+ + + + [PRD 87 (2013) 112012] e
(also those B(BS » y(2S)n™)/B(B - ] /Yyr™) [PRD 92 (2015) 072007] 7&8 TeV
used BY > J/WK*K nt [JHEP 11 (2013) 094]
to measure " S
mass and Bf - J/Y3n*2n~ (evidence) [JHEP 05 (2014) 148]

production,
marked with

*)
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B(BS - /b H)/B(BS - ]/dutvy,)

[PRD 90 (2014) 032009]

B — ppr™ (upper limit)

[PLB 759 (2016) 313-321]

Bf > K*K—n*

[PRD 94(2016) 091102]

+
BFf - D%

[PRL 118 (2017) 111803]

B (28) - Brmntm™

[LHCB-PAPER-2017-042] in preparation
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B} —» hjh; h} (h: K, m, p)

> In the SM, theoretical prediction B} annihilation
decays :1078~107°)

» Any significant enhancement could indicate the
particles beyond the SM (like HY) L

» BT - hih;h3 as anormalization mode

_o(B)
= 5@Y

X B(BF - f)
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Bf - K*K "

» Decay modes for Bf » K*K nt 5 —« 5

b—-q:BY > K™D - K~n™) ) S—— 8 f el
c—>q:Bf —>7T+Bg(—> K K") W ¢

b—-c¢:BY >nt[cc](» K K

o b |
bc annihilation: NR >“’f

> First time perform the BY - KTK~n* decay using

NN~

Run-| data PRD 94(2016) 091102
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Bf - K*K n*(bc annlhllatlonggm2

PRD 94(2016)

> Veto the y.o and B
v m(K~K*) in (3380, 3460) and
(5200, 5500) MeV/ c? o

_ +11.4 N3

» Ng+ = 208455

18:- n + ] " " " " ] PRI el el S W n " ] + " +
16

» Significance: 2.50
»2<n<45&&pr <20GeV/c

Candidates/(0.020 Ge V/c?)

o(B:)
g(BT)
(8.0133(stat) + 0.6(syst)) x 1078

X B(Bf » K*K™nt) =

BDT > 0.18

[ TP (N SR I =
T

6.1 63 2 6; T
+ _ M(K*K m*)[GeV/c?]
» Theo. Prediction: “EBC; X BB - K*°(-» K nt)K*
~[0.1~1.7] X 1078
2017/11/8 Chin. Sci. Bull. 59 (2014) 3748, S




Bg_ — K+ K_TL'+ (E — Z') PRD 94(2016) 091102

Signal yields

> m(K~K™)inresonance o ’ LHCe — 4;5-4_ % LHCb+
€ (3200,3550) MeV/ 2 R b5 ST aL—+.
0 m s BDT e - (0.04~0, 12) 3
» Two-dimensional simultaneous Basnn naanananns B £ =
fit for the three BDT bins ; 3 ; 35—(0'12 -0 18%#‘} 3
» Ng+ =20.87% ﬁ JE,L____Q i Hl HM
.: - ] iBDT>0 18 | 3
» Significance: 4.1¢ ; ; £ l:
> 2<n<458&&pr < 20GeV/c £ J’ ] a']' 'l' Jﬁi e

* KK [GaVicY

o(BY)
o(BT)

X B(B} = xcomt) = (9.8%37(stat) + 0.8(syst)) x 107°

+
> This result can be compared to Zgi; X BBF - J/Yyrt) =(7.0+0.3) x 107°

2017/11/8 10



B: - J/Yym* VS B: - J/PK”

B(BESJ/YKT)

Vus

A Cabibbo suppressed channel, naive estimate is R;, = BB~y

» Test of some theoretical models: R (0.052~0.096)

Model R

i
(QCD relativistic potential model M (0.052
Relativistic model | 0.074
Relativistic guark model 0.078
QCD sum rules (0.085
Relativistic constituent quark model [16]  0.079
Relativistic constituent guark model [17]  0.076
Relativistic independent quark model || 0.078
NLO NRQCD 0.076
2017/11/8 Heavy quark effective theory | 0.077
light-front constituent guark model ﬂm (0.096

11



Candidates / (20 MeV/c?)

Bf - J/WK" in1fb'7TeV data
> B — J /WK *first observed by LHCb using 1 fb'1 7 TeV data

F LHCb E LHCb

_ 1% 4, JHEP 09 (2013) 075)
30E(©) 1z 35;'(d)
+ 12 N(Bf — J/PK*)=46+ 12
20 = 25

] 3 20 . g
il: - Significance: 50
10F = F

g g 10F

SE S 3

0 3 1 i 1 1 St B il . 0 F L i L 1., 1 .
600 6200 6400 6600 6000 6200 6400 6600

M/ VK [MeV/e?] M/ MK )[MeV/e?]

B(BS - J/YK™)
R, = BB /o) = 0.069 tat) + 0.005(syst)

» Uncertainty still large, need to be improved
> Update the result with 3 fb™* data at /s = 7 & 8 TeV (RUN-I)

O Improved particle identification
O Use more information in multivariate analysis to suppress background

2017/11/8 12



Slgnal ylelds in RUN-I data

g FE T T q 4 | L
) L S
= 2011 § 2 s } 4o 2011
2 7f — Data 1 2., LHCb — Toul fit
= wE — Total fit i =~ — - JAYTT signal
= F —-JYE dgdl ] T “o o SRS mislD
% 1k - J Tt misID 1 (|5 0E 954 1 36 Comb. bkz
= F Comb. bkg E = 15 Part rec. bkg
= F 1 =
M 10F * q " 100
J t Wl Al 1114 50
. . . s A It .lT l": IJ“.J T L
do00 6200 6400 6600 éboo 6200 6400 6600
M(]/t[)K+)[MeV/c2] M(]/l/)1t+)[MeV/c2]
& B0F T T = &> 700 -
- N - .
= f 2012 | 2 ﬂ Dam 2012
E 'F  LHCDb - Data E g 200 LHCb — Tonlfit
= C —— Total fit . = 500 — - JmT signal
= *F — JWE dzml {1 T 1 e WK misD
~ [ 1334+ 14 -JygrmisD | 5 400F 2253 + 53 Comb. bkz
= 30 - Comb. bkg E = . Part rec. bkg
= _F 1 2%
4 ]D;— E 4 200
10 f 100
. | o S Jr 1 . : i - - -
do00 6200 6400 6600 $000 6200 6400 6600
M(J /yPpK)[MeV/c?] M(]/t[nt+)[MeV/cz]
2017/11/8 JHEP 09 (2016) 153 13



Results of B} — J/YK™

> 3 fbl result: JHEP 09 (2016) 153

B(BE - J/WK*) _
B(Bf - J/ymt) 0.077 tat) + 0.002(syst)

» Consistent with 1 fb™1 result:
B(Bf - J/YK™) |
B(B! - J/ymt) 0.069 tat) + 0.005(syst)

» Both statistical and systematic uncertainties greatly reduced

» Consistent with most of  Modd R

theoretical models QCD relativistic potential model M

0.(
Relativistic model | 0.(
Relativistic quark model 0.(
QCD sum rules 0.(
Relativistic constituent quark model [16]  0.079
Relativistic constituent quark model [17]  0.(
Relativistic independent quark model || 0.(
NLO NRQCD 0.(
Heavy quark effective theory | 0.(
2017/11/8 light-front constituent guark model ﬂm 0.(
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B! - J/YDWK®

> Search for decays B — J/WwDOK+ and B — J/yDM+K*

O The BFs provide info on yet unobserved B » D™D K )

S c

u/d —/ u/d
A“ﬁd “ < e
b g 7 e< ¢
C c

» Potential in Dg; spectroscopy studies

0 Ds;(2536) » D*K final state f B(Bf — f) B(B: = f)

Jh D (2460) 5.339 x 1073 5.348 x 10~
Jhh D(2536) 1.123 x 1073 1.124 x 1073
JHEP 06(2011)015

» The small Q-value help to improve mass B measurement

Finalstate  Q(MeV/c?) | Final state Q(MeV/c?)

]/t 3039 J /D3 1211
J/ypprc* 1163 J/WDOK* 820

2017/11/8
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Signal yields

—_ T | | | '
RS . ¢ Data
> sf LHCb — Total fit Combine D° - Km
§ ..... B.— Iy Df:OK* 0
~=-B—> Ty D K’ -
S 20 102+13 Backgrgjund and D Knnm
= 10.30
15 26+7
=
) 6.30
Z 10 } PRD 95 (2017) 032005
5
R 7 A 10
6000 6200 6400 6600
M(J/y D’ K*) [MeV/c?]
o T T - ; T T ] — ~ W7 1 4 I =
A B Data 7 = i Data
S 10F LHCb e . z G LHCD — Total fit E
— C al] | e B/ JlwD" K" = N ) T | B Bl JyD K"
g 8 ;_]}_+4 Background ] g C ® 713 Bafl:grxmd
= - — 4 b G- —
. SF 400 1 3 40
=l .- ‘ 12 | :
BN AT
ARG  © E LU
6000 G200 64&9 6600 6000 6200 6409 G600
M(T/w D K') [MeV/c2] M(J/y D" K% [MeV/c?]
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.112012
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.112012

Branching fraction ratios

Bsr’g o Ns.f'g v Eref

Bref Nref Esfg B(D - ---) from PDG

B(B; — Ji D KT)
B(Bf — Jnt)
B(Bf — JWD*YK™T)
B(Bf — J/iy DVK+)
B(BF — J/ D**K*)
B(Bf — JiyD°K+)
B(BF — Jh DTK*)
B(Bf — J/iy DYK+)

= 0.432 £ 0.136 = 0.028,

— 51418404,

= 2.10 £1.08 4+ 0.34,

= 0.63 = 0.39 £ 0.08,

PRD 95 (2017) 032005

2017/11/8 17
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_|_
B_. mass
> Theoretical predictions range: 6.2 ~ 6.4 GeV/c?

> First measured at Tevatron with B — J/imr™: PRL100(2008)182002, PRL 101(2008)012001
m(BZF) = 6275.6 + 2.9(stat) + 2.5(syst) MeV/c?

> LHCb measured B mass with Bf - J/yn™, BX - J/YDS, BYf - J/Yyppn* and

Bél' - ]/‘(/)D OK+ PRL 109,232001(2012) PRD 87.112012 PRL 113(2014)152003
PRD 95.032005 CDF Bi—liyrn*
LHCb B —=J/yr" [
LHCb,yerage = 6274.6 + 1.0 MeV/c? LHCo B 1D

LHCb B.—J/yppr*
LHCb B{—=JyDK*

LHCb average: 6274.6+1.0

6268 6270 6272 6274 6276 6278 6280
B! mass [MeV/c?]

Lum (fb'l) | Result (MeV/c?) Run-Il (error) Upgrade (error)
(MeV/c?) (MeV/c?)

Bf - J/ym* 6273.7 + 1.3 + 1.6 ~0.4 ~0.2
B} - J/yD¢ 30 62763+ 1.4+03 ~0.7 ~0.4
BF > J/yppnt 30 62740+ 1.8+ 0.4 ~0.9 ~0.5

@F - J/YD°KT D 3.0 62743 +1.4+03 ~0.7 ~0.4




B - D°h*

> To test QCD factorisation and explore new physics in B rare
decays

Vbu 2

O Tree-level b = u (a),

~ (0.007 at limit of LHCb data
bc

Would be enhanced by b — s loop-mediated (b) and annihilation (c)
amplitudes

O No charmless B} decays have been reported (Bf - K*K~n* 2.50)

(a) we 8 Vet g (b—o s, © _5,d,
<d s/ % pEra O e LK+
B+ {r E‘ . ~ i \I} o B{-I— 4 ﬂ-: . g B{‘I' 4 I'P'_,_,_,-ll |C_ . ’
i |\ e ; c zl D ! s |} D[ (] | C___.,/ \ - > DI:*:I[]
c c ) —c )

» To be reported Rpo; = ;—C X B(B} - D™OopH)

u
O ForKis9x10719~3 x 1078  JHEP06(2011) 15 Eur. Phys. J. C5(1998) 705
O Formis5x10719~8x 1077 Eur. Phys. J. C63 (2009) 435

2017/11/8



Results of B - DOht

Candidates / (40 MeV/ic?)

LHCb
B DK

.
GO0

TTUE200 6400 6600 6800

m{D"HE) [MeV/e?]

1

p-value

=]
Ln

0
0

2017/11/8

Rpogx = (9.3758 £ 0.6) x 1077

The upper limits at 95% CL.:

A

Rpo, < 3.9x 1077
Rpeo, < 1.1 x 107°,
Rpeop < 1.1 x 107°.

B(B} - D°K™)/B(B} — Jjapset
= 0.23 4 0.04 +0.01

From R]/WT

N

0.5

T3 Y 1 First observation of the
penguin and/or weak
- 0.5 - af o . . .
| annihilation amplitudes in
i} _the decay of B meson
[ 5% 0.5 T
Rpon Rk

PRL 118 (2017) 111803
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> ATLAS claimed observation of BJ (25)

Bt (28) - Bintm

> Search for B (25) by LHCb using 2 fb!

@8 TeV data

O A large and clear B} sample

O 2<n<45&&pr<20GeV/c

» More detail see Lucio’s talk

:;‘—14@0 B T I T T T T T I T T T T I T ]
= - ' s .
= 1200 LHCD § TeV E
= - —— Data N
<1000 |- — Total fit =
H_, N - T — B —=Jlwnr ]
s 800 — — B JIwK"™ =
= - =:=:: combinatorial N
£ 6001 ]
2 b ]
5 wof 3325473 -

200 : ....................... =

d
g

2017/11/8

6300

6400 6500

M yrt) [MeV/e2]
LHCB-PAPER-2017-042 in preparation

Events / 20 MeV

Events / 20 MeV

20: L L L L L L L L
18 ATLAS Q. =288+5MeV
— = + -
16¢ _[Ldt:4.9fb" Opye = 184 MeV
14 © \s=7Tev Ngrx=22%6 =
E e Data =
12 E Wrong-charge ]
10 combinations =
8 =
6
=
2 Jr
0 100 200 300 400 500 600 700
m(Bcnn}-m(Bc)-Zm{m [MeV]
40: L L
350 ATLAS Qg = 288+ 5 MeV 3
E = + u
30 j Ldt=19.2 0" Ogun = 184 MoV
E Y {s=8Tev Ng . =35+ 13
25 e Data
E Wrong-charge
20F combinations
15F- =
10F- =
5E =
& ]

[=)

100 200

P IR I BRI B
300 400 500 800 700

m(B_zx)-m(B,)-2m(r) [MeV]

[PRL 113 (2014) 212004]

Only about 300 B events

in ATLAS
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Scan window and upper limits

MBL2'S)),_ [MeVic]

M(BL'S))_ PMeVic]

El1D BE20 B30 E5=0 683 6E60 6™ GEBO

e 1]13“:. T T T T[T T T T[T T T T[T T T T[T T T T TT T T TTTT |__
c 015 —e— B2'5,) CL 0% =
- E -—— BT'E5CL 5% E
E 0.14 = —m— 425 0L 9 =
= 012 —or— BT OL R =
g o N 3
S 008F 3
0.06E- 3
004 =
002 =

|:| E TN T N N N T I T T T T O T T T T T T Y N N N T T O I 3

SE3D BEAD BEX SRS BETO BEED BERD

M{BAZS MMV
(b) AM = 15MeV/c?

LHCB-PAPER-2017-042 in preparation

SE30 0] sl GREY GETH GERD BEAD
o ‘}IE E TT T T T T T [ T T T T [ T T T T [ T T T T[T T T T [T T TT TT 3
g 0l6g ) =
E —a— BSHBRS)CLO% T
E 0.14F cmem— B BN CLOS% 3
= 012 =
5 oif E
S 008 Lot o e 3
- _— . E— 3
006 oo T DT A -
= e i =
004 N W h =
002 -
|:| E TN T A N T N T T T T N T T N T Y T T Y N T N T T O I 3

SE30 SR SES0 SRED SETO SEED B0
M(B.(2'5)) MeVic']

(a) AM = 0MeV/c2

M(BA2'S),, MeVie]
BEND BEL1D BEXD GE3D BEHD BE3D BESD BET
[ 0.18 f T T T T [T T T T[T T T T[T TT T[T T T T[T T T T[T TTT |:
s 016 —s— BT CL 0% -
< 014f e REREE
£ ong ma -1
3 0E g E
S oo /. 3
006E & - E
004 3
002 -
|:| E TN T A N T N T T T T N T T N T Y T T Y N T N T T O I 3

SE30 SR SES0 SRED SETO -53:51} B0
MiBAZ5)) MeVie]

(c) AM = 25 MeV/c?
AM = |M g+
Cc
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M(BA2'S ), MeVie’]

] BEDD 810 2] 5830 550 23] 860

:ﬁ ﬂlE f LU | LU | LU | LU | LU I LI I LI I:
= 016 — i;:'é.g:. oo 3
— - i BA2IESCL ]
i= 0.14 E_ . —m— B L. 9 _E
= 012F N - B4TSCLL 9 3
%‘ ﬂﬂﬂ :_ L] __:".' _-' -.'.I e _:
0.06F A\;\-ﬁ\. =
0.04F VS E
002 =

|:| E T T A T T T N T T N N TN T N T T T T N N T T I 3

SE3D BEAD BEX SRS BETO BEED

RES
M(B{2'S,)) MeVic]
(d) AM = 35MeV/ 2

- MB;f] - [MB§(2351) B MBZ’(ZISO)]

» No significant signal is found.



Conclusions and Outlook

> Many results on B} mesons physics by LHCb

O First time search for the BYf - K*K~n™ decay and evidence for the decay
Bc+ - XCOT[+
o B(BY - J/YK")/B(B} - J/Ynt)=0.077 + 0.007(stat) + 0.002(syst)

O First observation of the Bf — ]/l/)D(*)K(*) decays (more precise mass
measurement by combining previous results)

O First observed of the B — DOK*
O Search for B (25), no signal is found

» More analyses based on RUN-I and RUN-II data are still
under way
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B ;-I_ — IIJ (2 S ) T [PRD 87(2013) 071103(R)] ”/%\

LHCb searched for this decay in 1 fb™! 7 TeV data, observing it for the first time.

N LN T S B
"9‘800;_ " —+ Data
2700 LHCb 7&8 Tev — Total fit
" 600 3 bt —- Signal
125005_ = Comb.bkg
5] S Part.rec.bkg
- 400F — B = JIyK*
S 300F
S. F
S 200F
100 ...
:‘”"""““""""7’\“"" u j‘,
OB e L T e e
6100 6200 6300 6400 6500

B(B: - yp(@2s)n™)

MJ/y %) (MeV/c?)

B(B = ]/ymt)

Candidates / ( 5MeV/c?)
=
T

i
<
!

L LHCb 7&8 TeV
F 3fb!

.
=
I

N r
<
L LU L

—
<
3 T

PR T B

LI L B B B EN B B B B g =

—+ Data

— Total fit B
— - Signal
= Comb . bkg

..... Part.rec.bkg

I"|—*—|—FIIIIII

l-L I:L'JI

A

o L— A
6100 6200

6300 6400 6500

M(y(2S) ™) MeV/c?)

Test of theoretical models:

F>yP2s)tt)=20%5
P > J/Yymt)=595+29

= 0.250i0.068(stat)i0.014(syst)iO.OOG(B)v\UnCGFtaintV from

B /Y - pw)
B(y(2s) = up)

0.127

0.070

0.149

0.180

0.26

PRD 49(1994) 3399

PRD 56(1997) 4133

PRD 61(2000) 034012

PRD 68(2003) 094020

PRD 89(2014),034008

> Favor NLO NRQCD calculations: 0.26
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Bl - J/ymtn "
First observation of this decay 0.8 fbat7 TeVv
> 60r
2 50
a0
30f
20

PRL 108,251802 (2012)

Events /10 MeV Events/10 M

D 1 1 L 1 I
5800 6000 6200 6400 6600 6800
M(J/YT*[m*]) [MeV]

B(B = J/yn m ™)
B(B: —» /¢ )
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= 2.4110.30 (stat) ==0.33(syst)



Bf - J/WK K m™

First observation of this decay 3fbat7/8 TeV

)

[=1]
=
=

Significance: 6.20

o
=2
=

Candidates/( 10 MeV/c?)

Candidates/ (10 MeV/?

MR | | L1 | |
15 62 625 63 635 6.4 €15 62 625 63 635 64
T2
My r+rr--+ |GeV/e?] L (GeV/e?]

JHEP11(2013)094
N(B} - J/WK*)=78+14

N(B} — J/ypmt)=2099+59

B(B = J/YK*K™n™)
B(B: > J/ymt)

2017/11/8 29

= 0.5310.10 (stat) 3-0.05(syst)




Bf - J/yD{*

First observation of this mode 3 at7/8 Tev A K
C) K—
“ D,/
C 5
(@it
© ¢ ]/]:b B
N_ &0 L L L L L LI
-‘,j :_, AP .[f.ﬂ.l]}; IIIIIIIII LHCb Pf&li.ﬂ]jﬂﬂ[}’ ]
N(B} - J/¥D})=28.9%5.6 = s5p| 2 ' _]_ . ; oD ]
= = \ % B ->J/ ¢ Dy
N(B} — J/WD;*)=68.4+9.6 AR Jr ] A
oo Rp L
B(BS -]/ DS) wp TP lewd ]
= 2.9010.57(stat) =0.24(syst TIB + T/ D, i .
B(BY - J/Yrt) (stat) (syst) i S ->J qjﬂ; I :
B(Bf — J/Y Ds™) " T o1 .
= 2.37i0.56($tat)iO.lO(SySt) I P R |||'T s, o e
B(B = J/¢Yr) 36 58 6 62 6.4 6.6

PRD 87.112012 m(JAp D) [ { Z:~".'_.-'r-3]

Significance >70 for each
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Bf - J/yD{*

Theory predictions disagree (References [see Pag.27])

Rpiyn Rpspz
A 0.35 £0.62 Eqs. with BY
2.07 = 0.52 £ 0.52 Egs. (1) with B¥
1.3 3.9
1.7 b
U 2.9
2.2 —
1.2 — i i

Comparative theoretical predictions of view, we assume that the diagram dominates.

I'(Bf - JWD) T (B—DD])
I'(Bf = JApmt) ~ T (B — Dt
I'(Bf — JWD:*) T (B—D"DIY)
[(Bf -+ JWDy) ~ I'(B—DDf)’

Rpsee =
Eqgs.(1)

RD? Dg
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1. Models predict large range of B(Bf —» B{nt)

B! - Br™

2. B} - Bdn* as source of B mesons
v’ Flavor self-tagging
v" Decay time determination

Some theoretical predictions:

16.4% 3.9% 3.42%, 5.75% 1.87% 12.01%
PAN B67(2004) | PRD 73(2006) PLB 452(1999) | PRD 49(1994) | PJG 35(2008) PRD 86(2012)
1559 054024 129 3399 085002 094028
QCD sum rule RCOQM RCOQM HQET BSW RIQM
V.V.Kiselev M. A. Ivanov | A.Y. Anisimov | C. H. Chang R. Dhir S. Naimuddin
2017/11/8 The range of B(B} —» B2nt) : 1.87%~16.4% 33



B! - Br™

3 fblat7/8 TeV

. H {,:q‘-‘\ 4{]- T T T T T T T T
ke L3 -
2 50 LHCb = i LHCDb
& (a} s Data g i (b] . e« Data
= 40 B—B—pm 4 5 OF B B~ Iy
= 30 } --- Comb. bkg. = - -+ Comb. bkg.
E 20k Bi— BXm* . a B;— BIm*
S | / 2wl
= ) | ! | I
5 10 - o -9 e % - ' f o -
L My, el Tl s _— ;
i PR TR | i i i i o LT S e 1 . . L . ot l
ébDD 6200 6400 : 6600 é%ﬂﬂ 6200 6400 8600
. m(BIm") [MeVi/c?] - m(BI) [MeV/c?]
Significance: 7.7¢ Significance: 6.1c

PRL111,181801

O First observation of a B meson weakly decaying to another B meson
o(B)
o (By)

X B(Bf — Bon*) = (2.37£0.31 (stat) +0.05(syst) 1992 (7,+) ) x 1073
0.07\tB}

o ~ 1/500 BY originates from Bf — B{mt
O To extract BR needs to know BZ production rate
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B;I; — ]/1I)p1_)7T+ Significance: 7.30

» Baryonic decays of B mesons ‘{é 15F LHCb d '+ Data -
provide good opportunities to = | Yield: _
study the mechanism of baryon ='r23.94£5.3 7] Peckerownd -
production and to search for T?g - 1
excited baryon resonances = H % l HH Hl l ]

T T p—— -

JSI'DC; — 62{![]. = I:ES?;EID — I:Erf'rﬂﬂ

PRL 113(2014)152003 M(J/YppTt*) [MeV/c’]
» First observation of a baryonic BCJr decay by LHCb using Run-| data
B(B{ - ] /yppr™)

P~ B(B{ - J/Yrt)
» R,is consistent with the expectation in the spectator model
N B(B® - D* ppn™)

P~ B(B® > D7)

R

= 0.1347033%(stat) + 0.013(syst)

~0.17

> Further theoretical research is need!
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+ [ ] [ ]
B lifetime
* Theoretical predictions range: 300 ~ 700 fs

* PDG value (only Tevatron) : Tp+ = 452 £ 32 fs

* Precision measurement can test theoretical models

* LHCb measurement with B — J/yu*v, X and B — J/{prn™ decays
[EPJ C74(2014) 2839] PLB 742 (2015)

-m_ Lum (fb )| Result(fs) | Run-llstat) | Upgrade (stat)
509+8+12 ~3.3 ~1.7
@ 30  513.4+11.0+57 ~5.5 ~2.3
 Further theoretical research is need!
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Multivariate analysis

IPS (m) or 'y
T(J/Wu)

/ \ 'y L
PV \ -’
IPS (B.*)
=== e W
he B, X,../NDF
m*ory*

> IPS(B.*), IPS(J/y), IPS(H), IPS( ), PT(U/w), PT(H), PT(1 ) ,Bc_t, Be_L, 3 2re(B.H)
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