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Rich B} decay modes:
© b — cWT(~20%)
¢ ¢ > sWT (~70%)
e ¢cb—> W™ (~10%)
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* B.:unique mesons consist of two different

heavy flavor quarks, 1deal testing for QCD

models (mass, lifetime, branching fractions, etc)
* Ground state decays weakly; states under BD

threshold decay to 1S states only through
radiative or hadronic transitions

have been observed so far

* First observed in CDF; Only B and B.(2S)
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M(B: - ] /¢ym™)

M(B: - ] /YD)

Mass & _
M(B{ - J/yppr™)
spectroscopy
M(B{ — J/¥yD°K™)
M(B;(28)* » Blm*n™), M(B.(2S)* -» Blmw*m™) (evidence)
o ©(Bf > J/Yutv,X)
Lifetime
(B¢ - J/Ym™)
o(Bf) - B(Bf - J/Yym™)/a(BT) - B(B* - J/PK™)
Production o(BY)/o(BY) - B(B} —» Bm+)
o(B)/a(B*") -B(Bf - D°K™)
[PRD 87 (2013) 071103(R)]
B - ¢ (25)m* [PRD 92 (2015) 072007]
B} — ppm™ (upper limit) [PLB 759 (2016) 313]
Decay B} = J/YDWK*° [PRD 95 (2017) 032005]
B(B* - J/Yttv,)/B(BT -] /Yutv,) [PRL 120 (2018) 121801]
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+ D+ P )0 D+ p)o
B, _>D(s) D 'D(s) D [NPB 930 (2018) 563]
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Searches for
new B,. decays




[NPB 930 (2018) 563]

Measure the unitarity triangle angle y in the CKM Matrix to reveal signs of new physics

Way to measure y:

Motivation
v = arg(—Vu4V, b/VdV*)
IS——:

1=

0.5

1. CP asymmetry (The best measurement for Bt - D°K*, D°K ™)
2. Angular distributions method
3. Using decays:

0

-0.5

Decay with two charm mesons: B — D(’;)EO, D(’;)D0
Decay with one excited charm meson: B - D;*D°, D;*D°, D, D*°, D,D*°
Decay with two excited charm mesons: B — D(3D*°, D({iD*°

|||||

5 (V) Color-favoured (V.p) Color-supressed
Prediction for the branching fraction [10 § Dt ¢ o
Channel Ref. [4]  Ref. [10] Ret Fu Ref. [dj it WD
BXr— DfD" 23405 4.8 2.1
BX— DD  3.0+0.5 6.6 2.0 7.4 H——s -~ b 5
Bf > DD 3247 53 32 33 B; D B Dy
Bf—» DD 0104002  0.32 0.11 0.32 ¢ > ¢ ¢ = ¢
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Data: full Run-l data, 3 fb~1
Decay modes:

B - D{D°, D)D"

weighted sum -~ p+ _, D€S+)D°, DEKSJSEO
of branching {B+ o pF.p*0 pt peo
fractions c ()= »7(s)

BF - ng)D*O,

Charm mesons reconstructed:
D° - K~ rt
D° - K ntnnt
DY > K ntnt
D} - K*K™nt

2019/10/23

o 105 - 1r r - - - r°r . 1
< » Data B—DD
> 10* LHCb —romfit - B—xxTD
2 ; ssn e BE—»D:Z’J
@ 10 - B~ D;D, D"
: . - B— DD
2 107 B— DD
3]
= 10
e
g
U 1
10! L= : R TP N R N
5500 6000 6500
m(D:D°) [MeV/c2)
‘:T‘ 105 ' v 1 M v v N 1 M M ' ' 1
< « Data B—DD’
2 10t LHCb —rtotaifit o B—kxTD
2 X -es Bi—DIDP
S 10 <o Bi— DTP DD
: _ :-_’ e
i 102k B:—D;'D
= >
S 10
o
b=
S 1
gl e R N
10 5500 6000 6500

m(D:D°) [MeV/c?]

Recent results of B¢ physics of LHCb

[NPB 930 (2018) 563]

Fits for mass spectrum,
with D® - K—rt

Fits for mass spectrum,
with D® > K ntn—n*


https://arxiv.org/abs/1712.04702

Result:
No evidence of signal for any of the decay modes
The upper limits are @90% (95%) CL.:

With two charm mesons
fe B(Bf - DI D°)
fu B(B¥— D+ DY)
f. B(Bf — D+ DY)
fuB(B*— D DY)
f. B(Bf — D*D")
fuB(B*— D+ DY)
f. B(BX — D*D")
fuB(B*+— D+DY)

With two excited charm mesons
fe B(Bf — D3 D*)

=( 3.0£3.7)x107*[<0.9(1.1) x 1072,

= (—3.842.6) x 107* [< 3.7(4.7) x 1074,

=( 8.0£75)x107°[<1.9(2.2) x 1072,

=( 294+53)x107% [< 1.2(1.4) x 1077].

[NPB 930 (2018) 563]

With one excited charm meson

. B(BY — D:*D°) + B(Bf — Df D*° : :
L ( c s )+ ( c s ) — (_0.1 4 1_5) x 1073 [< 2.8 (3.4) X IU_JJ,

Ju B(B+— D} D)
B(BY — D:*D°) + B(BY - D} D®
%B( Fo 5(3+)+§E507 D7) (L03419)x 107 [< 30(3.6) x 107),
w ? 5
B(Bf — (D** — D*r%, ) D°) + B(Bf - D*D*
%B( cinal %B(Bijv)l)*’}jj’_)[)’( i ) (02432)x 107 [<5.5(6.6) x 102,
u >
+ *+ 4.0 0 + + )*0
%B(BC » (D ’éEBT "7)11))‘%(*])3(36 P DIDT) 5417y x 1072 [< 2.2(2.8) x 10°2).
u —

== =( 32443)x107% [< 1.1(1.3) x 1077,

fu B(B*— D DY)
f. BB — Dy* D*)
fu B(B+— DfD%)
f. B(BX — D*+D*)
fu B(B+— D+DY)
f. B(B+ — D**D*)
fu B(BY— D+tD%)

2019/10/23

=( 7.0£9.2) x 107? [< 2.0(2.4) x 1077,

Upper limits are consistent with

—( 34423)x 107! [<6.5(7.3) x 107, the theoretical expectations.

= (—4.14£9.1) x 1072 [< 1.3 (1.6) x 107"].
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Test of lepton

universality with
semileptonic
B,. decays
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[PRL 120 (2018) 121801]

Motivation
Test the Standard Model (SM) and search for new effects beyond the SM B(Bf — Jhprty,)
- : RUW) = BB = Jouio,)
Lepton universality: P
Decays of b-quark hadrons proceed through tree-level
diagrams in which a virtual W boson decays into a “E (5 s ity
lepton—neutrino pair. b —> - ¢ | )
Same behavior for all the leptons in the SM prediction, . r
test with semileptonic decays and leptonic decays. - : ,.\ "
Ratio provided in semileptonic decays: R(D),R(J/y)
A ) ——
K04 —
035 . B2 Ideal for semitaunic decays:
E | wncws /Q : 1. Tree level processes in theoretical models
3 % 3 2. New physics in weak couplings with charged
025 [ S = N Higgs, leptoquarks, or vector bosons
N a1 i 3. Test for LU in loop level of EW

0.2 0.3 0.4 0.5
: . R(D) \
Previous measurement testing R(D) and R(D*)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.121801

Data: full Run-I data, 3 fb™1!

Simulation templates:
B -9 (2S)utv,,
Bf - (28)tTvy,
Bc+ - Xclll-l-vw
Bc+ - XCZIJ-I-VM

Candidates per bin

5
2 ¥
m . [GeV*
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Backgrounds:

B = J/YH X
B — J/YX (combinatorial)

Mis-ID (the largest component)

[PRL 120 (2018) 121801]

Mis-ID bkg.
[ JY comb. bkg.
B, — X (1P)I"v,
[ R TR

8000 T ] 1 L] T T
7000
6000
5000
4000

IlIIlIllllIIIllllIllllIl

.Gy,
B /Y + i comb. bkg.
W5 UYH:

+ S
B B, — ¢Sy,

3000
2000
1000

Pulls

0 1 2 3 4 3 0 /s
Z(q‘,E”)

Recent results of B¢ physics of LHCb

1 IlIlIIlIIIlllllllllllllllllll

15 — 2
decay time [ps]

11


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.121801

[PRL 120 (2018) 121801]

Result: Signal yield: 1400 + 300
First measurement of R(J/y), result within 20 with the Normalization: 19140 + 340
theoretical predictions cE T
SM expectation ~0.25-0.28 depending on form-factors ; i
{ K & 4000
2y Az 2\k o
f(Q)_l—q2/MgoleZ_; k(Q) 1?,3000
jg 2000
Ratio of branching fractions measured: g 1000
o
R /)= 0.71 £ 0.17(stat) £ 0.18(syst) R R S

Result higher than the SM prediction
—+— Data
Mis-ID bkg.
P J/Y comb. bkg.
B, — X (IP)'v,
BB YTy,
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.121801

Observation of

excited
BT state




[PRL 122 (2019) 232001]

Motivation

Get more knowledge about Bf mass spectrum. The first excited state of B of has been
observed, measuring with the most precise B.(25)* mass to date.

Abundant spectrum of B,, the

First observation of B.(2S)* structure by ATLAS excited states still remain to
with Bf m*n~ final state without distinguishing different states; be observed more
+\ 2
M(B;) = 6842 £ 4 + 5 MeV/c*. [PRD 70 (2004) 054017]
R L I A L L S B L B B 7600_-&& 7565.__75717568;
a5 ATLAS Qg = 288+ 5 MeV 3 S5 T s s s ]
Op .. = 18+ 4 MeV [ 7250 7272 7372 7260 7276 7271
30 JLdt 19.21b" Bern o 7200 E 719 7150 7164 7266 ]
> Ys=8TeV Ng, . =35+ 13 % i 7145 7028 70417045 8D ]
S 25F e Daa = I 7036
& b " Wongcharge = 6800[&@6 ]
P 2 B.2)mm 1
=] <
e 15 = : :
a5 6400 E 6338 B. Mass Spectrum ]
5 [ 1
e S ) | - P 6000 3 3
00 100 200 300 400 500 600 700 ]SO 3Sl 31)0 Pl 3P 2 ’;D] D2 2D3 3,FZ F 3 31:4

m(B_r)-m(B )-2m(r) [MeV]

[PRL 113, 212004]
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https://arxiv.org/pdf/1904.00081.pdf
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.113.212004

[PRL 122 (2019) 232001]

Data: Run-l and Run-Il data, 8.5 fb~?!
About seven times larger statistics than ATLAS

Decay modes:
B:(28)" - B:(18)* (= B (= ] /Yy )y)n m™
B.(28)* » Bfn*n~

Reconstructed B} candidates with J/yn* decay
B[ signal yield: 3785 + 73

(:\. T l T T T T ' T T T T l T T T T l T l-

L¥]
. - o
Excited states: > 800 LH(%SE;I;{ Run2 1
. . D ¢ ev/c -
Small decay widths (~keV) with cascade = T -
radiative or pionic decays to the ground state; — 600 —+ Data 7
@ —— Total fit .
— BS) 5 400 B;—Jiymt
B (25)* ——— ) 2 /A
: = B 5. —J/yK i
= ---- Combinatorial ]
i'T+T[_ ’_,.-"/{ U 200 - ombinatona —
o J.F) "~ "‘ 0 . e A LA, S M L L .I.. M M M +. | " N

. By 6200 6300 6400 6500
y— Be . - M/ @) [MeV/c?]
Rrea - ! PV P
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https://arxiv.org/pdf/1904.00081.pdf

Candidates / (3 MeV/c?)

[PRL 122 (2019) 232001]

Result:
M(B}(25)*) = 6841.2 + 0.6(stat) + 0.1(syst) + 0.8(B}) MeV/c? = s -
With a global (local) significance ~6.30 (6.80) 60F 1= srev | = Soma
M(B.(25)*) = 6872.1 + 1.3(stat) + 0.1(syst) + 0.8(B}) MeV/c? > sof- N
With a global (local) significance ~2.2¢ (3.20) = F
The additional source of uncertainty comes from limited N
+ £ 30F

knowledge of B; & [

S - —4— Data E *

sof LHCbRun 1+Run 2 Toul i Mass spectrum of 10 | {

E sy B(25) — T 1.1 SN S B R B
3BSE ngzg))- AM = M(Bfn*m™) — M(B{) 0 6.7 6.8 6.9 7.0 71
30F - .= Combinatorial for B (2S)* and B.(25)*: M(B. ") - M(B)) + my, (GeV)

-F Same-sign
25 é_ i | E Bg (ZS)+ : [PRL 122, 132001 (2019)]
iO: ][ { | Al { ]l = Signal yield: 51 £ 10 Compared with CMS results
o FULLLE Tt 1t T W Sl (0 380 Ml 5 (25) M(B:(25)*) = 6871.0 + 1.2(stat) + 0.8(syst)
S TR R AT T I signal yield: 24 + 9 +0.8(B;) MeVi/c?

D \ W U The results are all within the range of the

200 230 600 650~ 700 theoretical predictions.
AM [MeV/c?]
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https://arxiv.org/pdf/1904.00081.pdf
https://arxiv.org/pdf/1902.00571.pdf

LHCb has made big progress on B, studies (mass, lifetime, production
and decays) with Run-1 and Run-Il data

A newly decay of B. has been searched for and studied
- To measure the unitarity triangle angle y with an upper limit, waiting for the future
studies

A test of lepton flavor universality with semileptonic B, decay
« Within 2 standard deviations agreement with the theoretical predictions
« Higher than the SM prediction

Observation of an excited B} state
* Previously contributed by ATLAS
« Fascinating results from both LHCb and CMS
« Observation of B}(2S)*, with an evidence of B.(25)"*
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BaBar (2012), had. tag BaBar (2012), had. tag
0.440 +0.058 + 0.042 0.332+0.024 £0.018 | ————
Belle (2015), had. tag :
Belle (2015), had. tag <
0.375 +0.064 +0.026 ‘};2:’13 iz‘)(-)‘?:) = 1(:'0;5 : g
elle , (had. tau) & :
Belle (2019), sl. tag : 0270.£0.035 0,037 ———
0.307+£0.037+£0.016 = o :
H Belle (2019), sl.tag :
Average | 0.283 £0.018 +£0.014 . R
0.340 +£0.027 +£0.013 —— LHCb (2015), (muonic tatl) i
SM pred. average 0.336 £0.027 £0.030 ! e
0.299 +0.003 1 LHCb (2018), (had. tau) E
PRD 94 (2016) 094008 0.280 +0.018 +0.029 :
0.299 +£0.003 T Average E
PRD 95 (2017) 115008 0.295+0.011 +£0.008 —‘—'
0.299 +0.003 T SM pred. average | |
JHEP 1712 (2017) 060 0258 £0.005
0.299 +0.004 . PRD 95 (2017) 115008
FNAL/MILC (2015 : 0.257+0.003 -
0.299+0.011 @B & JHEP 1711 (2017) 061
H'P QC_D-(2015) 0.260 + 0.008 u
0.300 +0.008 -»- JHEP 1712 (2017) 060 ‘&
HFLAV HFLAV
1 | 1 1 | ! 1 1 | 1 1 i | 1 ! 1 !
0.2 0.4 0.2 0.3 0.4
R(D) R(D*)
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3 kinematic quantities in the multidimensional histogram:

2019/10/23

mrzniss — (pBé" — Dy _pu)z

q° = (P — 0y /p)°

the unpaired-muon energy in the BZ rest frame

Candidates per bin
=
3
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