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Introduction

b,c hadron production & spectroscopy

Various QCD models give different predictions

(!

* Oproduction: M,z Br, ..
Experimental measurements test these predictions

(!

New states/decay modes provide inputs to theorists

Why at LHCb? 12

» Large production yields
« ~ 10" bb pairs/yr,
o 20 times for cC LHCb

(!

o Plenty of B., b-baryons, ...

= Unique kinematic range ATLAS =
o 2 <1 <5, access to low pr /=7 TeV
s ,

« Complementary to ATLAS/CMS

» State-of-art detector designed for heavy flavour studies

— E. Rodrigues’ talk “Summary of flavour physics results” on 21 Nov.
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B, a.s meson production b hadron

= Tests for pQCD calculations
= Status:

o Studied by ATLAS (B*) and CMS (B*, B?, B?)
JHEP10(2013) 042

* ATLAS: 9 < pr < 120 GeV, |y| < 2.25
PRL 106(2011) 112001

* CMS: pr > 5 GeV, |y| < 2.4 (for BY) PRL 106(2011) 252001
PRD 84 (2011) 052008

o BT production was previously measured at LHCb
using 35 pb! data JHEP04(2012) 093

= The latest analysis uses 0.36 fb1 @ 7 TeV JHEP08(2013) 117
« not only for Bt but also for B® and BY
e 0<pr <40 GeV,20<y <45
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B selection with dimuon DUz
JHEP08(2013) 117
O<pr<40GeV,2.0<y<45
: BT —o{J/Y|KT;
c —= BO —>]/l/) K*O, K*O N K+T[_;
w 0 + 11—
) I/ Bs =|J/|p, & —>K'K™.
b c Lo
— — utu
Trigger efficiency : ~ 90 % for dimuon channels
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= 300F 30p<3s 4 & \30<y <35 1 2 b 3.0<y <35
= E i i E é 100 : ..'; -
< < -
S s0F S 20f
] %"l ] 1 g ()E- MR | s .‘;"-‘1 PR B Pt i 75 J"“ S
5200 5300 5400 5500 5150 5200 5250 5300 , 5350 5400 5500 5300 5400 5500
m(J /WK ") [MeV/c?] m(J/wK ™) [MeV/e2] m(J /) [MeV/c]
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Integrated B production x-section

b hadron

JHEP08(2013) 117

= B™ production updated with higher statistics, consistent with
previous results

» New results for BY and B in LHCb kinematic range

O<pr<40GeV,2.0<y<45

Uncertainty on branching fractions

o(pp — BT X) = 38.9 £ 0.3(stat) & 2.5(syst) £ 1.3(norm) ub
o(pp — B°X) = 38.1 £ 0.6(stat) & 3.7(syst) & 4.7(norm) uub
o(pp — B2X) = 10.5 + 0.2(stat) 4 0.8(syst) & 1.0(norm) 1b

2013.11.24

Result with 35 pb! data: 41.4 + 1.4 (stat) + 3.2 (syst) ub

% Yiming Li @ 19th PASCOS, Taipei

/
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Differential production x-section
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JHEP08(2013) 117

b hadron
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PRD85(2012) 032008

Consistent with Fixed-order plus next-to-leading logarithm (FONLL) calculations

JHEP10(2012) 137
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2013.11.24 % Yiming Li @ 19th PASCOS, Taipei

B C d eCa y ::::: b hadron

= A family of unique mesons consists of different heavy quarks
» Ground state only decays weakly

= a large variety of decay modes expected

W W C q/l
b c/u c s/d
_ _ b q/v

c ¢ b b e -h-I . —_
b decay —— c decay —— annihilation

Experimentally confirmed channels: Bf — ...

observed at Tevatron PRD 87 (2013)112012
PRL 109 (2012)232001 JHEP 09(2013) 075
PRL 108 (2012)251802 arXiv:1309.0587 N
PRD 87 (2013)071103 PRL 111(2013)181801 »

8/20



Observation of BY = J/WKTK ™

(!

[C]

1 fbt (7 TeV) + 2 fbl (8 TeV)

Mgk and m]/»(/)KK from DS and BS

sidebands to avoid contributions from
B. - J/WD or Bsm

[C]

Largest contribution: B — J/WK*°K™

(" Br(B. — JJuKTK—1+)

\

\_

Br(B:. — J/v¢mT)

= 0.53 4+ 0.10(stat) =+ 0.05(syst) y

(!

In good agreement with theoretical

predictions 0.49 and 0.47

Nucl.Phys.B585(2000)353, PRD 68(2003) 094020

2013.11.24
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arXiv: 1307.0953,

b hadron
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Observation of BY —» Bdn* b hadron

. . N PRL 111(2013)181801
» First observation of ¢ decay in B,

» First decay of B = B decay

= L =23 fb'l

» B decaying to two final states: Dyt and J /¢
» Two-stage BDT for successive B, and B, selection

VfV‘JJé ¢ W q/l
b c/u
b G/v

C C
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PRL 111(2013)181801
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BY - B2w™ branching fraction b hadron

» Combining (D;n+)BSn+ and U/¢¢)Bsn+: PRL 111(2013)181801

4 n )
U(Bc ) 0
x B(BS — Bw™"
= (2.37 £ 0.31(stat) & 0.11(syst) g 15(75-)) x 1073
\_ J
» Theory predicts B(BF — J/Yym*)~ 0.15%
PRD 73(2006) 054024
o(BY) B(BE-J/ymt) - = olBe) 0.02
- O'(Bf")B(Bi—j/sz"') , fs/fa measured at LHCb o(Bs)
PRL 109(2012) 232001
JHEP 04(2013) 1

—

= B(B, = B,m) ~ 10%, largest for any known B meson weak decay
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Excited D mesons

(!

(!

(!

Quark model predicts many excited D; states
Only a few are well established
Search for new states using 1.0 fb-1data @ 7 TeV

c hadron

e D; = D*n~, D°n* and D**n~ (D** - D°n™)

3000

Mass (MeV)
N
0)}
o
o

2000

2013.11.24

- Well-established

_ D,*(3084) 4"

D,*(2806) 3~ - D, (3079) 3"
. states D,(2806) 2 D, (3074) 3"
__D,(2801) 2~ D,*(3074) 2"

D,*(2796) 1

D,*(2479) 2*
——D,(2469) 1"
—D,(2419) 1"

D,*(2380) 0"

— D2618) 1
T D,(2558) 0

_ D*2023)1
——D(1864) 0 Godfrey and Isgur, PRD 32(1985) 189
1S 25 1D 1P 1F

ﬁgﬁ% Yiming Li @ 19th PASCOS, Taipei

JHEP 09(2013) 145
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Natural vs. unnatural parity ¢ hadron

» Resonances decaying to D**nt~ (D** - D%t ) are divided by
helicity angle distribution

natural parity unnatural parity
— (_1\] P = (_1)]+1
P=(-1)
JP=o0%17,2%..  JF=07,1%27.. T g
D™ .

do o sin?0y do < 1+ h cos?8y (h > 0) <-—__>_>

A A Y T
dN dN
d cos@y Z ~ d cos@y In D**T~ c.m.s
-1 0 1 g -1 0 1 g
cosOy cosOy

|cosOy| < 0.5 : |cosOy| > 0.5 :

Natural parity states Unnatural parity states

are more prominent are more prominent
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D, (2420)°, D3(2460)°

x4, —
D*"m
|cosOy| > 0.5
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2013.11.24

|cosOy| < 0.5

JHEP 09(2013) 145

invariant mass spectrum, 1 fb'1 @ 7 TeV

c hadron

D,(2420)°, D;(2460)° :
well-established states,
with J¥ = 1% and 2%
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c hadron

New D, resonances in D¥

JHEP 09(2013) 145
|cosfy| > 0.5 |cosOy| < 0.5 ( )

 —_— More resonances in D*T 1t

1500

| = Two natural parity states:

D} (2650)°, D} (2760)°

| = Three unnatural parity states:
D;(2580)°, D,;(2740)°, D,;(3000)°

; . 4 ¢ & R |
2200 240 2600 / 2800 3000\ 200 240 7? ?Soow I 1
L Consistent with BaBar

1000 2000]

500 1000 |—

D;(2580)°, D;(2740)°, D;(3000)° D;(2650)°, D;(2760)° PRD 82 (2010) 111101
' D,*(3084) 4
. - e 3000 D,'(2806) 3 03 (3079) 3"
= All observed with significance >50 - gzgggﬂ z 2,079 3.
. ) 5 D,*(2796) 1°
» Properties for all states are uncertain m— o:m)

(!

To determine JF, studies needed in
decay from B

Possible assignment:
D;(2580)°: 07 (2S Dy(2558))
2000 DH2023)1 |« D;(2650)°: 17 (25 D1 (2618))

- Dpse4) 0 |« D;(2740)°: 27 (1D D,(2801))

Mass (MeV)
N
o
o
o

18 28 1D 1P 1F

2013.11.24 @f;ﬁ Yiming Li @ 19th PASCOS, Taipei
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D, in D¥n~ and D°n*

¢ hadron
JHEP 09(2013) 145
D?(2760), DF(3000) )
VAL D} (2760)
- 6000 ' T 6000 F
/ D (3000)
> = 7
- i 2 f
:‘“{, 40000 2’40000 _ n
Zi ! = | LHCb\
- e — - -
0 2200 2400 2600 2800 3000 0 2200 2400 2600 2800 3000
m(D') [MeV] m(D’1) [MeV]
L D;(2460) — _ T
3000 D,*(2806) 3 D, (3079) 3:
= D¥™m™ and D°rt spectra affected by cross-feeds | R §: AL
from D**~. In both final states: S WLk ‘
: 2 500l D,(2558) 0 D, (2479) 2
 D;(2460) are confirmed, and found to have =" D o
natural parity, consistent with J¥= 2% $ D (2380) 0
. D;(2760), D (3000) observed (> 50) o By (2760) couldhave 2
D(1864) 0 (1D D;(2976))

Precise quantum numbers cannot be determined

(!

18 25 1D 1P 1F
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c hadron

» Predicted by quark model
« m ~ [3500, 3700] MeV/c?
« T ~ [100, 250] fs
= Expected cross-section at LHCb: 0(102) nb

- SELEX

al

= SELEX claimed observation of Z}. in
AYK~n* and pD*YK~

« m = 3519 MeV/c?

e T<30fs@90% CL

PRL 89(2002) 112001, PLB 628(2005) 18

: o
= Not confirmed by FOCUS, BaBar or r

1 1 11 "l Il | [ |
- 3.42 3.47 3.52 3.57 3.62
Belle M (A:KT") [GeV/c?]

Events /2.5 [MeVlcz]

S = N W kB 01 O N ®
¥ I

’ Tl

al
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Sea rCh fOr E(;I_C ¢ hadron
arXiv: 1310.2538

OM = Mp+p—rt — Mp+ — Mp— — M+
- _ ATK A K
« Search for B}, - ATK n™, << ¢ i

(A - pK-1+) L 2f SELEX peak  LHCb S

with 0.65 fb! data @ 7 TeV Z 0 “ |[ |
= No significant signal E 4_ ’ ’ﬂ WN M4 w MH

ol } 'ﬂ M+ ﬁ’l 1#" 'ﬁ{éaw :

= Upper limits for production cross- dm [MeV/c’]

T T 3
—100fs —150fs —250fs 3

section as a function of & m for
various lifetime assumptions

—333f5 400fs

o(ZL) v _WMWWM‘
R =2l « B(=E — AT K 7t)
o(A)

Upper limit on R at 95% CL
: 3 :

LILLLI 1 IIIIIIII LI L T T

LIl L1 111 I 11 11111l 11

4(I)0 6(I)0 8(I)0
dm [MeV/c?]
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Summary

Summary

= LHCDb has been fruitful in b and ¢ hadron production and

spectroscopy with the data collected in the first stage of
LHC operation

o B production studied in unique kinematic range

« Many new B} decay channels observed, incl. first ¢ decay
« New D, mesons observed

« Upper limits given for £}. production
= Many more results are not covered due to time constraint

= Analyses on 3 fb! data still onging, more excitement to come!

2013.11.24 ﬁ%l‘)i Yiming Li @ 19th PASCOS, Taipei
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Inclusive bb and c¢ production

7 TeV, in LHCb acceptance:

0,5 = 75.5+ 14.1 ub Phys. Lett. B694, 209
0.z = 1419 + 134 ub Nucl. Phys. B871, 1

2013.11.24 % Yiming Li @ 19th PASCOS, Taipei 22/20



Trigger efficiencies of BT mesons

2013.11.24

Table 55: Trigeer efficiencies (in %) for BT — J/y K™ in bins of B pr and y.

PT ( GL-‘:V/('.")

20<y<2.5

25<y<30

30<v<35

35<v<40 40<v<45

(0.0,0.5]
(05,10

—_
CD

/'\f"\r'"\e"'\/"\
UJ T\J T\J —_—

UJ
J1CD’J1CD’J\CD’J1

mmh-ﬁwumm—-

(9.5,10.0]

(10.0,10.5]
(10.5,11.5]
(11.5,12.5]
(12.5,14.0]
(14.0.16.5]
(16.5,23.5]
(23.5,40.0]

299 £ 0.2
353 +£02
36.0 £ 0.1
37.3 £ 0.1
38.8 = 0.1
42.2 + 0.1
42,7 = 0.1
46.5 = 0.1
47.8 + 0.1
49.4 + 0.1
50.7 £ 0.1
52.5 £ 0.1
555+ 0.1
56.7 £ 0.1
58.7 £ 0.1
59.8 = 0.1
62.0 £ 0.1
61.7 £ 0.1
63.0 £ 0.1
64.5 £+ 0.1
66.4 £+ 0.1
67.3 £ 0.2
67.6 £ 0.2
69.2 £ 0.2
70.1 =0.2
71.1 =0.3
T71.7 =04

539+ 04
52.6 £ 0.2
527 £ 0.2
524+ 0.2
53.4+£0.2
55502
57.1 £ 0.2
58.0 £ 0.1
60.3 + 0.1
62.1 £ 0.1
64.0 £ 0.1
64.8 £+ 0.1
66.7 £+ 0.1
68.2 £+ 0.1
69.9 £ 0.1
71.0x= 0.1
72.4 = 0.1
73.8 £ 0.1
74.4 + 0.1
747 + 0.1
75.3 £ 0.1
76.3 £ 0.2
76.7 £ 0.2
77.4 £ 0.2
78.6 £ 0.2
80.1 = 0.3
81.5 04

63.0 £04
63.0 £0.3
62.6 £0.2
62.5 £0.2
63.6 =0.2
64.7 £0.2
65.4 £0.2
67.0 £0.2
68.4 + 0.1
70.2 £0.2
71.4 £0.2
72.6 £ 0.1
73.8 £ 0.1
74.7 £ 0.1
75.7 £ 0.1
76.0 £0.2
77.1 £ 0.1
T7.7T £0.2
78.4 £ 0.1
79.0 £0.2
79.1 £0.2
79.6 £0.2
79.4 £ 0.2
79.8 £0.2
80.0 =£0.2
80.3 = 0.3
80.5 £ 0.4

64.7 £ 0.4
65.7 £ 0.3
66.5 £ 0.2
66.6 £ 0.2
67.3 £0.2
68.6 £ 0.2
69.0 £ 0.2
70.9 £ 0.2
725+ 0.2
73.5+£02
74.8 £ 0.2
76.3 £ 0.1
77.1 £ 0.1
77.9 £ 0.2
78.0 £0.2
79.3 £ 0.2
79.7 £ 0.2
80.1 £0.2
80.8 £ 0.2
81.2 +£0.2
80.9 £ 0.2
81.2 +£0.2
81.0 £ 0.2
80.7 £ 0.2
80.0 £ 0.2
79.1 £ 0.3
77.5 0.4

69.2 + 0.4
69.3 £ 0.3
69.8 + 0.2
70.1 £ 0.2
71.0 £ 0.2
70.8 = 0.2
T1.7 = 0.2
73.0 £ 0.2
73.8 +0.2
T74.7T £ 0.2
75.9 £ 0.2
76.9 + 0.1
T7.7T £ 0.1
78.8 £ 0.2
79.5 £ 0.2
80.6 = 0.2
80.7 = 0.2
82.0 £ 0.2
81.9 £ 0.2
83.0 £ 0.2
82.8 £ 0.2
83.1 £ 0.2
83.3 £ 0.2
82.9 £ 0.2
82.3 £ 0.2
74.8 = 0.3
68.7 = 0.4

ﬁﬁg& Yiming Li @ 19th PASCOS, Taipei

23/20



Excited D;
resonance parameters, vields and sigfinicance

2013.11.24

Resonance | Final Mass (MeV) Width (MeV) Yields x10° Significance
state (o)
D1(2420)° | D*t7~|2419.6+ 0.1 +0.7 | 35.2+ 04 +0.9 | 2102+ 1.9 +£0.7
D3(2460)° | D**7n~|246044+ 04 +£12 | 432+ 1.2 +3.0 | 819+ 1.2 +09
D%(2650)% | D*t7—|2649.2+ 3.5 435 [140.2+ 17.1 £18.6| 50.7+ 2.2 £2.3 24.5
D%(2760)° | D*Tx~ 276114+ 51 465 | 744+ 3.4 £37.0| 144+ 1.7 £1.7 10.2
D;(2580)° | D*+t7—|2579.54+ 3.4 £55 [177.5+ 17.8 £46.0| 60.3+ 3.1 +£34 18.8
D;(2740)° |D*t7—|2737.0+& 3.5 £11.2| 73.24+ 134 £25.0| 7.7+ 1.1 £1.2 7.2
D;(3000)° | D*Tr~|2971.8 4+ 8.7 188.1+ 44.8 95+ 1.1 9.0
D3(2460)° | DT~ 24604+ 0.1 +£0.1 | 456+ 04 +1.1 |675.0%+ 9.0 1.3
D%(2760)° | DTw~ 276014+ 1.1 43.7 | 744+ 3.4 £191| 5584+ 1.3 £10.0 17.3
D*%(3000)° | D7~ |3008.1£ 4.0 1105+ 11.5 17611 21.2
D3(2460)T | D%t |2463.1+ 0.2 406 | 48.6+ 1.3 £1.9 |341.6 £22.0 £2.0
D%(2760)T| D¢t |2771.7+ 1.7 £38 | 66.7+ 6.6 4105 | 20,1+ 22 £1.0 18.8
D*(3000)T| D%t | 3008.1 (fixed) 110.5 (fixed) 76+ 1.2 6.6
ﬁﬁg& Yiming Li @ 19th PASCOS, Taipei
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