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Introduction

Searches for the new B_*-meson decays
B — J/yD™K™
BC+ — DO(*)h+
BC+ — D(S)+(*)D(*)

Test of the lepton universality with the semileptonic
B_" decays

Searches for the excited B_"states
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B *-mesons at LHCb e

B_"-meson observed by the CDF collaboration in 1998  [Phys. Rev. Lett. 81, 2432]

Not accessible by the B-factories — least studied of all B-meson
Only 16 decay modes established by now

Fully instrumented rapidity range2<n<5

Al BAL s\ Decay time resolution ~45 fs for B-mesons
S0 b i} ~100 fs for D-mesons
7 i Relative track momentum resolution:

L ' ' i ]| : 0.5% at low momentum 1.0% at 200 GeV/c

BINININE  \_ Particle identification:
\ Kaon ID ~95 % for ~ 5 % 1m—K mis-id probability
N Muon ID ~97 % for 1-3 % m— mis-id probability
y Trigger:
N ~90% trigger efficiency for dimuon channels

~30 % for multi-body hadronic final states

[JINST 3 (2008) S08005] .
LHCDb region

2<n<5

Production rates in the LHCb acceptance
o(B.,)~20nb @ 7 TeV
o(B.") ~40 nb @14 TeV

[Phys.Atom.Nucl.60:1729-1740,1997]

} ATLAS and CMS
region |n| < 2.5
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e

Searches for new B * decays



B * — JADKO sk

[Phys. Rev. D 95, 032005 (2017)]

Motivation
Studying the DK system for the D, contribution

Opens the door to the possible exotic searches in J/yD and close to DD

threshold
S () c -
wd [ X —/ ad F DY ¢ s ko
Caa ; OB < wd C‘:_l/a
_ c | s  K® / fpe
b < 1y ;g< c . N
c ¢ J b : Hmvo 3 b

Modes reconstructed
B, — JIy(— pu)D(— K )K*
B." — J/y(— pp)D(— Kmr)K*
Partially reconstructed B_* — J/y(— p*u)D*(— D° +y/m°)K*

B." — J/IY(— p'u)D*(— K )K*(— K*r)
Partially reconstructed B_* — J/y(— p*u)D**(— D°m")K**(— K*mT)
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S * *
B * — J/WDOK®
Data: 3 b, full Run 1 sample [Phys. Rev. D 95, 032005 (2017)]

Event selection: common loose preselection+BDT trained separately for each decay
Partially reconstructed B_* — J/WD”K*, 10.30

BDT based on > 252— LHCb | Bl ?3:21 fit —
B_"-meson transverse momentum s FE 0 == iyl BOOI; ]
. . 20 W @000 q e e Y —
¥ vertex fit for all unstable particles e Background ]
Event geometry g 15 JIWDK*
= - 6.30 .
. . . . 10 -
Similar selection for the normalization % . } I .
B.* — J/ym* channel “ 5% ,_ ‘MM‘HLHJTH%{
. P A A AL

6000 6200 6400 6600

M(@J/y D° K*) [MeV/c?]

10_ — T T T T T 1

T D —] & ' -
S ata i Q ¢+ Data T
% F LHCb T B S 10 LHCb N, ]
= - 400 Q] - Bi— J/yD*K? - ﬁ L 440 | .- B!— Ay D K? i
‘:r ] B - Background i 2 8 :_ Background —:
~ - . Z B ]
3 I 1 5 °F E
g 4 1 3 4E ; .
i ] N ]
S 2 1 8 22F +
:»- PORE Y : :.\-0-0- g g ! "':' : i1 1 U :, 3 TI.:I“ H+
O f 1 ! 1 PO 1 i " 1 O . 1 5 ; "_. 1 a L | | L Jd | ]
6000 6200 6400 6600 6000 6200 6400 6600
*0
My D K™) [MeV/c?] My D’ K™) [MeV/c?]
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. * *

B_* — J/WwDOK"

Data: 3 fb', full Run 1 sample [Phys. Rev. D 95, 032005 (2017)]
Event selection: common loose preselection+BDT trained separately for each decay

2 first observations and 2 first evidences:

B(BF — Jj D' K ™)
B(BF — Jjbn+)
B(BY = Jjy D'K)
B(B+ — Jju DK +)
B(B+ — Jjh D+ K*0)
B(BF — JJy DK +)
B(B} = Jiy D*K*%)
B(BX — Jju D'K+)

= (0.432 £ 0.136 £+ 0.028,

=5.11+1.8104,

= 2104+ 1.08 = 0.34,

= 0.63 £ 0.39 £ 0.08,

Most precise single mass measurement:
M(B_*) = 6274.28 + 1.40 £ 0.32 MeV/c?

Consistent with previous LHCb measurements and the world average
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BC+ — DOht %

Cabbibo-suppressed with [Phys. Rev. Lett 118, 111803 (2017)]
respect to B_* — J/ym

w+

2 BhdN 5,d

5} " K }K+’ﬁ+
B ‘
c i
} e "‘
c > c
g,d} «+ —+| May enhance the branching
’ fraction

i
+

QR oAy R

By {

Theoretical predictions vary in a large range
1.3X107 t0 6.6%x10° for B_* — D°K*

2.3x107 t0 2.3%10% for B * — D" [JHEP 1106 (2011) 015], [Eur.Phys.J.C63 (2009) 435]

[Eur.Phys.J.C5 (1998) 705]
Modes under study (h = K, m):
B.* — D%— KT mrm*)h*
B.* — D%— Km)h*
Partially reconstructed B_* — D*(— D%+y/m°)h*

Measure ratios for all four modes normilizing by the known B* — Dh* decay
Rpenp, = JfT x B(B} — D®op+)

i

6.02.2018, ATLAS Bc mini-workshop , ,,LHCb experimental overview of B_*“, Daria Savrina 8/22



B * — Dh*

Data: 3 fb, full Run 1 sample
Event selection: loose preselection + 2 BDT trained to remove D° and non-D° background

Candidates / (40 MeV/c?)

Simultaneous fit to 2 decay modes

2- and 4-body D° modes combined

25 =
- LHCb -
20 3 B:—»Dk* ]
155 20 + 5events
10 E 5.10 significancef
= =
: it Ly
29 | | | | o -
- LHCb .
20F Bci_)DO*”i BED =
15 E
10 ;— ++ _i
Tl o 1f
5800 6000 6200 6400 6600 6800

m(D°Ii) [MeV/c?]
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[Phys. Rev. Lett 118, 111803 (2017)]

For fully reconstructed decays:
B." masses fixed to the PDG values

Resolutions are estimated from the
normalization channel B* — Dh*

First observation of the B_* — D°K* decay
Branching fraction measured

Rocm = 3 % B(BE  DPh*) = (9.3 122+0.6) x 107

At the high end of theoretical predictions
Absence of B * — D°m* means that the

tree-level contribution is not dominating one

For the other modes the upper limits are
set up @95% CL

Rpo, <3.9%x 1077
Rp-o, < 1.1 x107°
Rpwop < 1.1 x 1075,
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Decays into two charmed mesons &

Motivation [arXiv:1712.04702, submitted to Nucl.Phys.B]
Additional possibilities for the Unitarity Triangle angle y measurements

v = arg(=V,qV2 /Vea V) Lower producftion Crogs-section than for B*-mesons
Lower branching fractions than for B* — DK

Prediction for the branching fraction [10~°]

Channel

Bf — D;"EO 2.3+0.5 4.8 1.7 2.1
Bf — DfD° 3.0+0.5 6.6 2.5 7.4
B — D+t DY 327 53 32 33
Bf — DtD° 0.10 +0.02 0.32 0.11 0.32

[Phys. Rev. D86 (2012) 074019], [arXiv:hep-ph/0211021],
[Phys. Lett. B555 (2003) 189], [Phys. Rev. D73 (2006) 054024]

Expected large amplitude ratio and CP-asymmetry

Color-allowed Color-supressed
i *pr 2 ‘5 Can use decays with excited
¢ “ D-mesons in the final state also
BZ[Z i jDO BZIZ i ZDI Alternative method: study of the angular
- distributions in B_* — D(S)*+D*
rer = AR+ DD A(BF— 1P| &1 [Phys. Rev. D65 (2002) 034016]

[Phys.Rev. D62 (2000) 057503]
6.02.2018, ATLAS Bc mini-workshop , ,,LHCb experimental overview of B_*, Daria Savrina 10/22



Decays into two charmed mesons %

[arXiv:1712.04702, submitted to Nucl.Phys.B]
D°—> K1T

Data: 3 fb™, full Run 1 sample
Decay modes reconstructed:
Bf— D+(S) D
B, — D" D | Weighted sum of branching
B — D+(S) D* fractions is measured
BC+ N D*+(S)D*
Where D = D°, D° L s
T5500 6000 6500

No signals observed for any of the decay modes (DD [MeV/el]
The upper limits are set @90%(95%) CL: S

f-B(B}—» DEDY)

[a—
=)
n

T T T T
* Data B*— D; P
LHCb — Total fit = B'— K*'K wD°

Candidates / (30 MeV/c?)
5 2 2 2

p—

H
<

D% —» K1t

—
(=]
7

=( 3.0+3.7)x107* [<09(11) x107°] g . —
i e i 22 e Data B*— DD
fu (ﬁ—l_ = g+ gn) % 10* LHCb — Total fit = B'— K'K D"
iy
f EB+—> D+DD; (—3.8+£2.6) x 107* [< 3.7(4.7) x 1074 é »
(B+_> iy = ( BOETH X107 (<192 x 107 £
==

B(B+ — D* D) LI

29-L53) 102 [« 12014} % 1077 N
fu (B+ —% D+DD) ( ) [ ( ) ] y 2y et | Se o 2 .
5500 6000 6500

And also for the modes involving excited D-mesons m(D;D") [MeV/c’]
Upper limits are far above the theoretical predictions
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Lepton universality with
semileptonic B * decays



Lepton universality

Lepton universality: SM predicts same behavior for all charged leptons

Same amplitudes besides the effects of different masses

Difference in amplitudes may be caused by non-
standard contributions:
charged Higgs, leptoquarks, new vector bosons

Some recent results give a hint of deviation from the
SM predictions
B* — K*/*l' [Phys.Rev.Lett. 113 (2014) 151601]
B — K*/[ [JHEP 08 (2017) 055]
R(D*) = Br(B — D™1v )/Br(B — D™pv )
by BaBar, Belle and LHCb

Semileptonic decays are a good tool for such
studies
simple theoretical descriptions through
tree-level diagrams in SM
new channels should give additional information

e

BaBar hadronic tag
PRI 88 (2013) 072012
0332+ 0024 = 0.018
Belle hadronic tag
PEI> Q2 (2015) 072014
0.203+ 0.038 = 0.015
Belle SL tag

PED 94 (2016) 072007
0302+ 0.030+ 0,011
Belle 1-prong

PEL 118 (2017) 211801
0.270 = 0.035 = 0.027

LHCb muonic

PRI 115 (2015) 111803
0.336 = 0.027 = 0.030
LHCb 3-prong
LHCh-PAPER-2017-017
0286 + 0.019 = 0.033

LHCb average
0309+ 0.016 = 0.024

Fajfer et al. (SM)
PRD 85 (2012) 094025
0252+ 0003
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Semileptonic B * decays  §i&&

[arXiv:1711.05623, submitted to PRL]

Possibility provided by the B_* decays:

R(JJ) = B(B. = J/0T"vr) g\ expectation ~0.25-0.28 depending on form-factors

B(Bf = J/Vpu*vu)  [phys. Lett. B452 (1999) 129] [arXiv:hep-ph/0211021]
[Phys. Rev. D73 (2006) 054024] [Phys. Rev. D74 (2006) 074008]

Data: 3 fb, full Run 1 sample
Event selection: cut-based + isolation BDT, same for both semimuonic and semitauonic channels

) M' ) M'
e e
Jy . o
\Y
p

Iy

> -

PP PP
Disentangle semimuonic and semitauonic contributions via different decay kinematics

based on three variables:

Missing mass: m2 = (p,. — Py, — pu)2
Energy of the bachelor muon: E *

i Z(9% E%)
Four-momentum transfer: g2 = (p,, — pJ/w)2f !

B_"-meson decay time — to remove background from light B-mesons decays

B-meson direction of flight determined as the direction from primary to secondary vertex
and (pB)z = n?:in (precc:)z-
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Results e

Data: 3 fb!, full Run 1 sample [arXiv:1711.05623, submitted to PRL]

~ Event selection: cut-based, same for both semimuonic and semitauonic channels

—+— Data W B! - Jwuty, Binned maximum likelihood fit with templates
Mis-ID bke. B /v +u comb. bkg. Signals templates from the simulation with form-
+ + .
= J/:/f comb. bkg-+ e Bg = JWH, . factors determined from data
Be - x(Pi'v, W B - y(2S)i'y, Background templates determined from simulation
B B -y,
:5000: b 3 516000 r _g 8000 =
Nﬁ : =N 1 ©14000 = 5 7000 =
[5) - LHCb 4 12000 = o _E
g 4000E Signal yield: 3 310000 i 2 gggg 3
< 3000 1400 £+ 300 4 3 ElE — ]
2 F Normalizationg 3 2000 ] &% .
<= 2000 [~ — = 6000 -
500 =.19140£340 7 % | <0
= - & 4000 - 2000
£ 1000 3
@) - 2000 — 1000
A5 - - e e 2 SE
T O Z 0
35 0 5 10 0.5 1 1.5 -

; 2
m? . [GeV?/c*] decay time [ps]

Ratio of branching fractions measured

LHCb R(J)

LHCb-PAPER-2017-035 ——r—
S R(Ipp) = BB = IWT) _ 01 4 0,17 (stat) + 0.18 (syst)
PLB452(1999) 129 B(Bf — Jiputu,)

PRD 73 (2006) 054024
PRD 74 (2006) 074008

Range 0.25 - 028 Within 20 with the theoretical predictions
g TR Still higher than the SM prediction as well as R(D*)

0.5 0 05 1
R(J/)
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B * spectroscopy



Events / 20 MeV

Excited states

s

B_" has a large spectrum, the excited states still remain to be observed

2‘3: L B B A B BRI
18- ATLAS QBJ =288+ 5MeV —
=l =18+4 MeV 3
16¢ J-Ld1 49fb" R =
14 \s=7 TeV NBGM_EEiE —
:_ ® [Data _:
12 - Wrong-charge .
‘ID:— combinations _:
sf- =
E:— j —
4fF- ;
o . T
2 e fose--
0 i 1..’..;.“" I I 1
0 100 200 300 400 500 EDD ?OCI
m(B_xm)-m(B_)-2m(m) [MleV]

Mass (MeV)

=
7600 M 7565 7571 7568
- 7455 7475 1487 —_—n
412 7365 7376 7380 ]
7250 7272 7372 7260 7276 7271]
7200 P 7122 7150 7164 7266 o
7145 7028 7041 7045 .
——|lsrss 68T 1036
|  — 6768 ]
6800 F §70¢ 730 ]
[ —_— 741
6400 F 338 B, Mass Spectrum ]
677] ——
1 [PRD 70, 054017 (2004)]
6000

]SIZI 381 FPD P] SPE le Dz SD:: 31:2 F3 31:4
Many theoretical predictions for spectroscopy and properties.

[arxiv:9703341], [PRD 71, 074012].

First B (2S)" observation was recently claimed by ATLAS
B_ ‘' final state
Measured mass 6842 £ 4 £ 5 MeV/c?

[Phys. Rev. Lett. 113, 212004 (2014)]

The most probable interpretation is either B (2°S,) or sum of B (2°S.) and B _(2'S,)
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Search for excited B * states  {is&

[arXiv: 1712 04094, accepted by JHEP]
Data: 2 fb' collected in pp collisions at the energy of Vs = 8 TeV

Search for B (2'S,) and B (2°S,) states

B.(2'S,) — B, (— Jiym™) mrm

B.(2°S,) — B_*(— B_" (— J/yt*)y) " with missing photon
In the transverse momentum range of p_ € [0, 20] GeV/c and rapidity y €[2.0, 4.5]
Use BDT for the B_*— J/ym* selection

BDT based on the vertex x?, impact parameters x? with respect to primary vertex and
transverse momenta of the daughter particles

(/:]"'\ ' ' I ' ' ! ' | ' ! ! ' | ' ! ' ' | ' !

£ 900 m LHCb 2 fb!

% 800 Tat (s=8 TeV

OEO 700 —4+— Data

= 600 —— Total fit

g 200 A B >J/yrt

g 400 - B} —J/wK*

'8 300 TEEEmy 0 - Combinatorial

S 200 B * yield: 3325 * 73 events
56 ot _ P

6200 6300 6400 6500
MJ/yr) [MeV/c?]
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Candidates / (28 MeV/c?)

Search for excited B * states  {is&

[arXiv:1712.04094, accepted by JHEP]
Apply MLP for further selection of B (2S) to improve the sensitivity
MLP based on the angular variables between the B_" and B_** daughter particles

|
LHCH 2 fb!

Signal simulation

Data sidebands

Total selection efficiencies for the B (2'S,) and B (2°S,)

I I
o

10_1 s =8 TeV | | Same-sign sample . .

F | | in the four MLP bins
1072 ! !

3 - | MLP category  (0.02,0.2) 0.2,0.4) 0.4,0.6) [0.6,1.0]
107 _E: | "h' Efficiencies in %

| | | B.(28)* 0.148 + 0.006  0.140 + 0.006  0.130 4 0.006  0.256 4 0.008
107 ﬁ I I | : B*(28)*  0.118£0.003 0.140 £ 0.004 0.144 +0.004 0.288 4 0.005

0 02 o4 06 os

Flattened MLP response
No significant signal in the B_"r*m invariant mass is seen

asfE T T[T =
40§_LHCb 2fb MLP [06, 1] _§ + - data

F (s=8TeV 3 .
35E 3 M - same-sign background
30F E | - considered signal region
25F IE
20E : Upper limits set up for the ratio:
15E :

= = T L (%)+ y
10E -_ ~ “BM*(2s)
5 E = ? ' BEE*H[ES}—}BE’H?ﬁw-
ob— .+ . 11 . SO | R S U | SR - i
6600 6800 7000 7200 :

M(B 7+7) [MeV/e?] With the help of CL_ method
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Search for excited B * states  ({is&

Scan over the signal mass range
B.(2'S,): [6830, 6890] MeV/c?

B (2°S.): [6795, 6890] MeV/c?

e
[}

upper limit on R
> =
— 9]

0.05

6800 6810 6820 6830 6840 6850 6860 6870

0.2

upper limit on R
=
— W
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Reconstructed M (BC(23SI)+) [MeV/c?)
6830 6840 6850 6860 6870 6880 6890

T F & T LT T T T T e s et 6 Tt
LHCb 2 fb! 1
Vs=8 TeV . 3 .

—=— B/2'S)"+B.(2’S)* CL90%

v B(2'S))+B.(2°S))" CL 95%

AM OMeV/c2 |

6830 6840 6850 6860 6870 6880 6890

M(B.(2! Sy MeV/c?]
Reconstructed M (BC(2381)+) [MeV/c?]

L AM =25 MeVie? L

LHCb 2 fb!
Vs=8 TeV

—— B.(2'S)* CL 90%
- BA2'S))* CL 95%

—=— B,(2’S))* CL 90%
-B (2351) CL 95%

6830 6840 6850 6860 6870 6880 6890
M(B.2'S)") [MeV/c?]

6810 6820 6830 6840 6850 6860 6870 6880

0.2

e
iR
W

upper limit on R
e

6790 6800 6810 6820 6830 6840 6850 6860

0.2

upper limit on R

[arXiv:1712.04094, accepted by JHEP]
Mass resolution fixed from simulation, cross-checked with data for B_*— J/ymrmm

4 different values of reconstructed mass difference (AM) between B_(2'S,) and B (2°S.)

Consistent with background-
only hypothesis within 3o

Reconstructed M (Bc(2381)+) [MeV/c?]

LHCb 2 fb! —e— B.(2'S)* CL 90%
s5=8TeV - B.(2'S)* CL 95%
—=— B,(2’S)* CL90% 1]
(235 )*CL95% 1

AM = 15 MeV/c2 |

6830 6840 6850 6860 6870 6.88(.) 6890
M(B.(2'Sy)") [MeV/c?]

Reconstructed M(B.(2°S,)") [MeV/c?]

 AM=35MeV/ic? .

LHCb 2 fb! —— B.(2'S)*CL90% 1
Vs=8TeV « B.(2'S)*CL95%
—=— B,(2°S))* CL90% 1

-B (2‘51) CL 95%

6830 6840 6850 6860 6870 6880 6890
M(B.2'S)") [MeV/c?]
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Search for excited B * states 8%

[arXiv:1712.04094, accepted by JHEP]

Resulting upper limits are contained in the range [0.04; 0.09]
Consistent with most theoretical predictions

ey For Br(B_(2S)" — B_r'm) =49%
- B (29) o § Br(B_*(2S) — (B_*(— B_y)m*m) = 39%
R A [arXiv:hep-ph/0211432]
- . | _ RBC(28)+ RBc*(28)+
BcVegPy hep-ph/9602347 0.02 0.04
Fragmentation approach
arXiv:hep-ph/0211432 0.02 0.04
Complete order-a_*
g Chin. Phys. Lett. 27 061302 0.04 1 0.09
I [Phys.Rev.D70:114019]

S T, T T T ForBr(B(2S) — B, ) = 50%
ATLAS efficiencies should be large to Br(B_*(2S) — (B.*(— B_"y)m'm) = 53%
achieve consistency [ Phys. Rev. D70 (2004) 054017]

Vs =TTeV Vs = 8TeV R R
ATLAS  (0.22 + 0.08 (stat))/er  (0.15 =+ 0.06 (stat)) /e Bo2Sy | Bo@sh

LHCh B < [0.04,0.09) BcVegPy hep-ph/9602347 0.02 0.05
g, , — relative efficienties of reconstructing B (2S) Complete order-a_* 0.05 0.12
with respect to B_* signals Chin. Phys. Lett. 27 061302 ' '
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Conclusions

A number of new decays of B_"-mesons are observed and studied
Most precise B_* mass measurement in a single decay

Observation of penguin and/or weak annihilation decays of the
B_"-mesons

Open up exciting possibilities for the future studies

A test of the lepton universality performed with the help of the
semileptonic B_-mesons decays

Within 2 standard deviations agreement with the SM
Higher than the SM prediction as well as R(D*)

Searches for the excited B_* states performed
No signals observed for the B (2'S,) and B (2°S,) states

Work in progress... Looking forward for the new results!



Backup



Previous LHCDb B * studies

Properties:

Measurement of the lifetime of the B_* meson using the B_*—J/yT* decay mode
Phys. Lett. B 742 (2015) 29-37

Measurement of the B_* meson lifetime using B * —>J/L|J[J+VUX decays
Eur. Phys. J. C74 (2014) 2839

Measurements of B_* production and mass with the B_* — J/yt* decay
Phys. Rev. Lett. 109, 232001 (2012)

New decays:

Study of B_* decays to the K'K™1r* final state and evidence for the decay B_*— x_ 7"
Phys. Rev. D 94, 091102 (2016)

Search for B_* decays to the ppTT* final state, Physics Letter B759, 313 (2016)
First observation of a baryonic B_* decay, Phys. Rev. Lett. 113, 152003 (2014)
Evidence for the decay B_* — J/w3m2mn, JHEP 1405 (2014) 148
Observation of the decay B_* — J/yK*K™mr*, JHEP 1311 (2013) 094

Observation of the decay B_* — B° 1", Phys. Rev. Lett. 111, 181801 (2013)



Previous LHCDb B * studies

- First observation of the decay B_* — J/wK*, JHEP09(2013)075

« Observation of B_,* — J/yD*_and B_* —J/wyD**_decays, Phys.Rev.D87, 11 (2013) 112012
« Observation of the decay B_* — @(2S)m*, Phys. Rev. D 87, 071103(R) (2013)

« First observation of decay B_* — J/ym*mm*, Phys. Rev. Lett. 108, 251802 (2012)
Branching fractions

« Measurement of the ratio of branching fractions B(B_* —J/@yK*)/B(B_* —J/yTr*)
JHEP 1609 (2016) 153

« Measurement of the branching fraction ratio B(B_* — @(2S)m*)/B(B_* — J/yT*)
Phys. Rev. D 92, 072007 (2015)

« Measurement of the ratio of B_* branching fractions to J/yT* and J/L|Jp+vu final states
Phys. Rev. D 90, 032009 (2014)

Full list of the LHCb measurements:
http://Ihcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/Summary_all.html


http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/Summary_all.html

Excited BC+ mesons simulation and selection

Pythia 6 + BcVegPy
M(B_(2S)") = 6858 MeV/c?
M(B* (2S)") = 6890 MeV/c?
M(B** ) = 6342 MeV/c?

AM = 35 MeV/c?
Unpolarized B* (2S)*

B*_preselection
Muon p. > 0.55 GeV/c

M(J/p) in [3.04; 3.14] GeV/c?
Pion p. > 1.00 GeV/c

Pion impact parameter x?
with respect to primary vertex (x*.) > 9

B*_decay time > 0.2 ps
X*p(B*) <25

MLP variables
Angles between the B*_and *, B*_and 7, " and T~ candidate momenta projected in

the plane transverse to the beam axis
Angles between the B™ (2S)* momentum and the B*_, *, and T~ momenta in

the B™_(2S)* centre-of-mass frame
Minimum cosine value of the angles between the momentum of the B*_meson or of one
of the pions from B™ (2S)* and the momentum of the muons or pion from the B*_

meson
The vertex-fit x* of the B™ (2S)* meson.



Isolation BDT for semileptonic decays

Input variables:
Transverse momentum of the track
Impact parameter x? of the track with respect to the primary vertex
Impact parameter x? of the track with respect to the B+c vertex
The cosine of the angle track makes with J/wu momentum
Flight distance x* of the B*_before and after the addition of the track



Search for excited B * states

Mass resolution fixed from simulation, cross-checked with data for B — J/ytrmm
4 different values of reconstructed mass difference between B (2'S,) and B _(2°S,)

Scan over the signal mass range
B.(2'S,): [6830, 6890] MeV/c?
B_(2°S,): [6795, 6890] MeV/c?

o
= &
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upper limit on R
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Integrated Recorded Luminosity (1/fb)

Data e

LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2017

— . 2017 (6.5+2.51 TeV): 1.71 /b + 0.10 /b : : P
— + 2016 (6.5 TeV): 1.67 /b ~7 fb' collected by the

~ 2015 (6.5 TeV): 0.33 /fb end of 2017

e . 2012 (4.0 TeV): 2.08 /fb YVork in pr(?gress___ o
[ . 2011 (3.5 TeV): 1.11 /b

I 2010 (3.5 TeV): 0.04 /fb

= LS

ESearch for the excited
B_-mesons <

[ < ~Search :for the neW Bc-mesohs decays:
-2fb™ collected in 2012

> Test of the lepton universality
. 3fb™ collected in 2011 and 2012
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