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» B properties:
focus on Bs lifetime.
For other recent results on b hadron
properties (baryons) see Sheldon
Stone’s talk on Monday.

» Bc decays: two recent searches

» Using data from LCHDbD. Ideal for

- lifetime measurement (large boost,
precise FD and p measurements) PID = 96%, e = 9¥%,

. misid. «= 5%
B. searches (large b production, miside., = 0.6%,

all b hadron species) misid. ., = 0.3%

GP/PNO‘ 5““0«?%



LIFETIMES

Supporting measurements to sharpen our
theoretical tools and to build confidence on
experimental methods

- experimem&s

Test the heavy-quark expansion model:
the best predictive tool for inclusive
quantities in the dynamics of heavy mesons.
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2007

T(B:°)/T(B%) has key discriminating power 2003 2005
as corrections nearly vanish.

Data value 0.990 = 0.004 agree well with
the 0.9994 + 0.0025 prediction [JHEP 12
(2017) 068]. Want to improve data precision.
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SEMILEPTONIC

® Semileptonic (SL) decays Bg — D ,u+X V., provide huge sample.

® Reminder: with nonzero width-difference “Bglifetime” is not uniquely defined.
oL, decays give access to the flavour-specific lifetime.

s (1 + (AT, /2T,)°

1
T, |1—(A@'y/2T,)2

® Challenging.
- Biased decay-time determination from the observed decay length.

- Broad B mass, spoiling separation from background and between the various
signals within the inclusive final state.



Tfs from change in B yield vs decay time,
relative to the yield of BC decays
reconstructed in the same final state.

0 S
By = D" A1y,

Name of the game: minimize Bs°-to-BO°
differences of the selection efficiency
vs the decay-time.

Extract A=1/tsfs — 1/Tgo.
Precise value of tgg as input.




SIGNAL SAMPLE

[PRL119 (2017) 101801]
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B° sampi& serves also as validakion:
composition knowh from B-factories

-

D o W
S D

Physics backg. Physics backg.

N
N

. Combinatorics . Combinatorics

W
-

— Fit — Fit

N

@\

NS
~—~
>
=
-
\O
—
O
Q.
0P
>
=
S
o
o v
o
-
aw
@,

Candidates per 60 MeV/c?
— DN W B~ U O\ - 0 \O

7 8 7 8
2 2
[PRL 119 (2017) 101801] Mo [GEV/C?] [PRL 119 (2017) 101801] Mo [GEV/C?]




CORRECTING
THE DATA

1. Unreconstructed v momentum biases
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the decay-time determination. LLHCDb simulation
Correct observed momentum for ST ;1 — '4'.5' — é —
average missing momentum as mp,, [GeV/c?]

determined in simulation:
K =p(Dn)/p(B) [fermilab-thesis-2006-18]

LLHCDb simulation

2. Want uniform signal-to-reference
efficiency ratio as a function of decay
time. Known 2x difference between

Ds™ and D™ lifetime introduces about
20% non uniformities. Equalise the D
decay time distributions.
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—*— After correction
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http://lss.fnal.gov/archive/thesis/2000/fermilab-%20thesis-2006-18.pdf

RESULT |

2 10F [ HCh — ® ASree vy‘ith .a,nd improve previous
X Q determinations.
S XK
QE% 3 ® Precision limited by the size of the
@/ 7 reference sample. Ample chances
X 4 for improvement with new data.
0 S 10 * Systematic dominated by the
[PRL 119 (2017) 101801] B decay time [ps] modelling in simulation of the
signal.

fs
Ty = 1.547 +0.013 + 0.010 £ 0.004(750) PS & 11athod potential extends well

18% better than world’s best. beyond lifetimes. Method 1s
i suitable for other experiments too.
Halved the systematic of

F‘re\/mus“besﬁ SL resulk,
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(SOME) LHCb LIFETIMES

. BO—DuX [PRL 119 (2017) 101801]

Y J/mm, J/0 f,

Theory

B:0—D,r [PRL 113 (2014) 172001]

-~ By9—>J/fo [PRL 109 (R01R) 158008]

Bo—J/Yrp [PRL 114 (2015) 041801]
B0—J/YKK [JHEP 08 (2017) 037]

o BO—>(28)@ [PLB 762 (2016) 253]

See Greig Cowan’s talk on Monday

meamess B.0—J /M [PLB 762C (2016) 484 ]

B0—DsDs [PRL 112 (2014) 111802]



DV

BV
PV

Fit of composition in D decay time
bin and then fit the resulting
signal-to-reference yield ratio.

Use precise D™ lifetime ass input to
obtain the Ds lifetime.

Include a 4% relative acceptance
correction and 110 fs decay-time
resolution

Agreement with world’s average.

2

3 4
D decay time [ps]

- 0.0017 =

p. = 0.5064 -

- 0.0030 =

- 0.0017(7p) ps



ON THE B. SECTOR ”

[PLB 742 (2015) 29-37]
, W77 1
® B first observation by CDF in '98 [PRL 81, 2432]. =@ | LHCD -
Least studied of all B mesons. 3 5134+ 110 +5.7 fg
Only 16 decay modes established so far. i E
® Small production, about O(0.1%) of all b hadrons. s 1
Yet, several results from LHCb: 9 :
o
V' Mass, PRL 109, 232001 (2012). o I
0.2 04 0.6 0.8 1
v Lifetime, PLB 742 (2015) 29-37; EPJ C74 (2014) 28309. decay time [mm/c]

v New decays: PRD 95, 032005 (2017); PRL 118, 111803 (2017); PRD 94, 091102

(2016); PLB 759, 313 (2016); PRL 113, 152003 (2014); JHEP 1405 (2014) 148:
JHEP 1311 (2013) 094: PRL 111, 181801 (2013); JHEPO9(2013)075:
PRD 87, 11 (2013) 112012; PRD 87, 071103 (2013); PRL 108, 251802 (2012).

¢ Will focus on two recent searches of B and B.(2S) decays.



DECAYS INTO DD MESONS

® CP violation not observed yet in B,” decays.
B,'— D"*D® decays, where D is DOy or DO,

proposed to measure y [PRD 62, 057503;
PRD 65, 034016].

® Ratio of interfering suppressed and favoured
amplitudes expected to be about 1. Enhanced

CP asymmetries w.r.t. B'— DK decays.

¢* Attempt a first observation. Expectation of
BRs are around 10-6 for most modes.

Cabibbo-suppressed,
colour-allowed
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ﬁ/ B % ?
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B p° B D
C - C C > C

rpr = |A(Bf — D°D})/A(Bf — D°D?)| ~ 1

Cabibbo-favoured,
colour-suppressed

[PRD 62 (2000) 057503]

0

+
S

Channel

Prediction for the branching fraction [107°]

Bf— DfD" 23405
Bf—DfD"  3.0£05
Bf— DDV 3247
Bf— D*D° 0.10 £ 0.02

1.7 2.1

2.5 7.4

32 33
0.32 0.11 0.32

[PRD 86 (2012) 074019; arXiv:hep-ph/0211021;
PLB 555 (2003),189; PRD 73 (2006), 054024]



Use 3 tb—1 of data collected at 7 and 8 TeV.
Reconstruct D+ — KtKt, D+ — K n*nt+ and D°— K+, K mt—m+.

Normalise to the B* modes: 34K D;D°, 0.5K DsD0, 1.9K D+*D0, 40 D*DP°
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DECAYS INTO DD MESONS™

® No signal found, extract limits at 90% [95%] CL. arXiv:1712.04702]

. B BT Dt DY + x4+ 7)*0

b gy = ( B0E37)x 107 [<0.9(11) x 107 E Béféj %+§O)> —( 32443) x 107 [< 11(13) x 1072
U s U — S

fc B Bg_% D:DO fc B(Bj% D:+D*O)

= (=3.842.6) x 107* [< 3.7(4.7) x 107, T BB DD =( 7.0+£9.2)x107° [<2.0(2.4) x 1077],
u — D;

B B + x—+ 17)*0
= ( 8.0+£75)x107%[<1.9(2.2) x 1077, fe BB = D" D7) _ ((3.4+£23)x107"[<6.5(7.3) x 1071,

i L BGT D
c c 7 _ n 3 —2 . B(Bf— D**D*
T BB DDt —( 2.9453)x 1073 [< 1.2(1.4) x 1073, Je B(B: ) _ (—4.14£9.1) x 107% [< 1.3(1.6) x 107 1].

fu B(B+ — D_I_EO)

® Upper limits also for combination of decays into a DsD%* and Ds*DPO final states.

® Assuming f./fy about 1%, extract limits on the B,” decays BRs:
far above the predictions — e.g. BR(B,'— D*D9) < 8.0x10—4 at 90% CL.



SEARCH FOR EXCITED B,

® A rich mass spectrum predicted by
various QCD potential models and
Lattice QCD.

¢ States below BD threshold can only
undergo radiative or hadronic

transitions to the ground state B,"
which decays weakly.

®* ATLAS observed B,(2S)" using ~330
B, — J/m" decays. No discrimination
between
o Be(2180) = B m
0 Be(2381) =B, (=B V)

Events /20 MeV

7565 7571 7568

7455 TATS_T487 7563
472 7365 7376 7380

Mass (MeV)

7372 7269 7276 7271
7150 7164 7266

— 7145 7008 7041 7045

7036 B D

B, Mass Spectrum

[PRD 70 (2004) 054017]

m(B_nm)-m(B,)-2m(m) [MeV]

[PRL113 (2014) 12004]
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SEARCH FOR EXCITED B -

* Use 2 fb-1 collected at 8 TeV. S PE E
> 40 F =
Reconstruct about 3300 B,"— J/\m” 2 f Fe8Tev :
decays, selected with a BDT © 3 E 1L =
exploiting vertex displacement and < 55E = T 1+ 4 Z
kinematics of daughter particles. S 20k Al JE
- . < 10E =
& 3 o S = @) = -
S 900 & LHCb 2 fb™! E 5B E
% 800 E_ 5 (s=8 TeV _E 0 S N A R
E 700 - —— Data E 6600 6800 7000 7200
= 600 E —— Total fit E M (Bt [MeV/c?]
g E ) Bl gyt
S il + + — o .
3 :88 3 . lé jf,/ ‘/’tK G ® Attach "~ pairs to form the excited state
- = = omboinatoria = . . .
S 200f 4 pn = candidates. Categorise them with a MLP
o - B exploring angles between B, and B.(2S)

MU v [MeVic? candidates. No signal found.

[JHEP 01 (2018) 138]

0. 9,0,.0.0.0.0. 9. 0.0. 0.
S X X X X XD 0. 0. 0.9,
NI NI, I



SEARCH FOR EXCITED B. -

* Put limits on R = 29T B(BW(28)" — BWTata)
By

and compared with the ATLAS measurement.

Vs =TTeV Vs =8TeV

ATLAS (0.22 £0.08 (Stat))/ (0.15 £ 0.06 (Stat))[PRL113(2014)12004]
LHCb — < [0.04, 0.09] [JHEP 01 (2018) 138]

® &781s the efficiency to reconstruct B,(2S) w.r.t. the B." signals.
It’s <1, but much larger than that of LHCD.

® LHCD upper limits at 95% CL in the vicinity of the ATLAS peak at ~6842 MeV/c.

® The LHCb and ATLAS measurements are compatible in case of large values of €73



CONCLUSION

® LHCD reports a novel data-driven method for competitive B-lifetime
measurements with SL decays: precision improved by 15% in Bs© FS lifetime
and 2x in Dg lifetime [PRL 119 (2017) 101801].

¢* LHCDb contributed with a number of new B. decays observed.
Keep searching:

- no signal of B —=DD decays yet [arXiv:1712.04702].

- no signal of excited B:(2S) states [JHEP Ol (2018) 138].

- see Patrick Owen’s talk, LFU test with B:*—J/\r tv and B:*—J/\ nv decays
[PRL 120, 121801 (2018)].

® Full Run 2 data set soon ready to explore new avenues and observations.

19






SEARCH FOR EXCITED B,

® Categorise them with a MLP explomng angles between B, and B.(2S)

candidates.
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SEARGCH FOR EXCITED B ¢

O (%)
B, (2S)T
o (25)
O'Bé—
Npe) (28)+ Ept
— o 7
Npr  €ptagy+

: ZS’(BSK)(QS)Jr — Bé*)+7r+7r_)

efficiency €5+ 18 determined to be 0.0931 = 0.0005

[JHEP 01 (2018) 138]

MLP category  (0.02,0.2) 0.2,0.4) 0.4,0.6) 0.6, 1.0]
Efficiencies in %
B.(2S)*  0.14840.006 0.140 + 0.006 0.130 & 0.006 0.256 + 0.008
B (25)" 0.118 = 0.003 0.140 =0.004 0.144 =0.004 0.288 = 0.005




SEARGCH FOR EXCITED B, ¢

[JHEP 01 (2018) 138]

Scan over different

ma.ss hypotheses for
overlapping B.(21So)"
and B.(23S;)" and put

limits on
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9B (25)+

R = .B(BW(28)" = BWTrtr
O gt
Npi 25+ - CE
Npz 5B§*>(25)+7

Table 1: Summary of the predictions for the R values.

)

Vs =TTeV Vs = 8TeV
ATLAS (0.22 +0.08 (stat))/e; (0.15 4+ 0.06 (stat)) /eg
LHCh < [0.04, 0.09

Ref. for B prediction Rp 25y+ Rpx@2s)+
BCVEGPY with listed settings o 0.02 0.04
7 0.02 0.05
Production according to Ref. [5] [5 0.02 )04
Production according to Ref. |6] o 0.04 0.09
7 0.05 0.12




