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@ Introduction
9 Measurement of B production
9 Measurement of B mass

@ First observation of Bf — J/yrt -t

e Prospects
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B¢ spectrum

@ B.: Mesons formed by two different heavy flavour quarks, the b
quark and the ¢ quark *

» Unique in the Standard Model because the top quark is too heavy
and decays before forming any bound states
@ B spectrum
» Estimated using potential models

7600 L7572 7588 7565 7571 7568
—+ o 7455 7475 7487 T e
° BC mass 7250 1272 e m%fﬁm 72767271
H < 7200 F 2 7150 7164 7266
» Potential models: 6.2-6.4 GeV/c? E TR s o s
6887 .
[CERN-2005-005], and refs. therein = 6800 T g 0 T8
6741
> pQCD: 63265° MeV/c? E
i i 6400 [ 6338 BC Mass Spectrum
N. Brambilla & A. Vairo, [PRD 62 (2000) 094019] [y £
> Lattice QCD: 6278(6)(4) MeV/c® | 1
1 3 3 3 3 3 3 3
TWQCD, [arXiv:0704.3495] S, 'S, Py P, 'P, D, D, 'Dy'F, F; °F,

» PDG'12: 6277 +6 MeV/c?

S.Godfrey, [PRD 70 (2004) 054017]

*Charge conjugates implied in this talk
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http://cdsweb.cern.ch/record/872545
http://prd.aps.org/abstract/PRD/v62/i9/e094019
http://arxiv.org/abs/0704.3495
http://prd.aps.org/abstract/PRD/v70/i5/e054017

B¢ decays

@ B, mesons’ decays
» Excited states (below BD threshold), decay
through Strong or EM interactions into BZ
» Ground state B{ : decay only weakly
@ B/ decay modes
» b— cWT (~20%), e.g., J/y(3)x, J/wDs
J/wlty,
> ¢ sSWH (~70%), e.g., Bint, Bty
» cb— Wt (~10%), e.g., KOK*, K+, ttv,
e B/ lifetime predictions
» Inclusive rates or Y (exclusive rates)
> T(Bg—)SR =0.48+0.05 O]

V. V. Kiselev, et al., [NPB 585 (2000) 353]

» PDG'12: 0.453+0.041 ps
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http://www.sciencedirect.com/science/article/pii/S0550321300003862

B¢ production

@ B. production
» Difficult to generate at et e~ colliders
» At hadron colliders, B, generated mainly
through gg — B +b-+¢
@ B/ production rate
» Theoretical prediction (in Nb) c.-H.chang, etal, [PRD 71 (2005) 074012]

[("So)1)  1(3S1)1) [(*S0)sg) I®S1)sg)  1("P)1)  1CPo)1)  ICGP)1)  I(GP2)1)
LHC? 7141 177. (0.357, 3.21) (1.58, 14.2) 9.12 3.29 7.38 20.4
TEVATRON 5.50 13.4 (0.0284, 0.256) (0.129, 1.16) 0.655 0.256 0.560 1.35
* 6(381)/6(1Sy) ~2.5
* Colour octets and 1st P-wave contributions are small
* O-(B;F)LHC/G(BZ‘L)Tevann ~ 0(1 0)
» 0(2S)/o(1S) would be |R25(0)/R13(0)\2 ~ 0.6
» Including contributions of these states,
o(Bf) ~0.9 ub for /s=14TeV; or ~ 0.4 ub for /s =7 TeV
* ~ 10% from 1st P-wave states
* ~ 1/3 from 28 states
V/s=14TeV
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http://prd.aps.org/abstract/PRD/v71/i7/e074012

Experimental status, mass and lifetime

@ Mass and lifetime

Collab. £ [fb~'] Mode

Signal yields ~ Mass [MeV/c?]

Lifetime [ps]

CDF 0.1 Jlytty
DO 0.21 JwutX
CDF 0.36 J/ynt
CDF 0.36 J/yetve

CDF 24 J/yrt
DO 1.3 J/ynt
DO 1.3 J/yutX
CDF 1.0 J/ylty
CDF 67 J yrt

204182 6400 £390+130
95+12+11 59507140 +340
146+4.6  62857+53+1.2
238 —
108+£15  6275.6+£2.9+25
54412 6300+14+5
881+80 —

308 + 39 (6274.6 + 2.9)¢

0.467018+0.03
0.12
0.457015+0.12
0.073
0.463*3:972 +0.036

0.038
0.448+2038 1 0,032

0.47510 02 £0.018
0.452 + 0.048 £ 0.027

LHCb 037  J/yat

179 +£17 62737+ 13+ 1.6

it value
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B physics at LHCb

January 18, 2013 6/45



Experimental status, production

@ Production

Collab. £ [fb™"]

Signal yields

Result

CDF 0.11

CDF{ 1.0

204753

o(B)xB(BL—J/witv)
(BT )=xB(BT +J/yK™)

=0.13210.933 (stat.) £0.031 (syst.) T5 352 (lifetime)

for pr(B) > 6 GeV/c and |y| < 1
o(B)xB(BL —=J/yutv)
(BT )xB(BT=J/yK)

=0.227 + 0.033(stat.)f8:812‘7‘(syst.) +0.014(pr spect.)

for pr(B) > 6 GeV/c and |y| < 1

LHCb 0.37

162+18

o(BF)xB(B —J/ynt)

(BT )xB(B*J/wKT)

= (0.68+0.10(stat.) +0.03 (syst.) + 0.05(lifetime) ) %
for pr(B) >4 GeV/cand 2.5 < n(B) <45

1 preliminary

Jibo HE (CERN)
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Experimental status, decay

@ Decay
Collab. £ [fb~'] Mode Signal yields Result
_ B(B{=J/yntnat
LHCb 08 Jjyntrat  135+14 W
=2.41+0.30(stat.) = 0.33(syst.)
LHCb 1.0 fo/fy- B(B: = X) @ 90% CL
Df ¢ 0 <0.8x1078
Dt K0 1 <0.5%x107®
DK™ 0 <0.4x10°8
DFK*0 0 <0.7x1078
DK™ 1 <1.1x10°¢
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b and ¢ production at LHC

@ Large production cross-sections @ /s =7 TeV

og;;"l ~ 60 mb [JINST 7 (2012) P01010]

o(pp — ccX) ~ 6 mb [LHCb-CONF-2010-013]

o(pp — bbX) ~ 0.3 mb [PLB 694 (2010) 209], c.f. 6(e* e~ — bb) ~ 1 nb @ T(4S)
@ In high energy collisions, bb/ct pairs are produced predominantly

in forward or backward directions

b
Parton 1 Parton 2
Xq ,\/2
@:EE 3:@
LHCb MC b
(s=7TeV

T2
6, [rad]
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http://iopscience.iop.org/1748-0221/7/01/P01010/
https://cdsweb.cern.ch/record/1311236/
http://www.sciencedirect.com/science/article/pii/S0370269310012074

LHCb detector

@ Forward spectrometer (2 < 1) < 5), dedicated to flavour physics

T2

Vertex Locator
Tracking (1T, T1-T3)
RICHs

Muon system (m1-m5)
ECAL

HCAL

Jibo HE (CERN)

10m 15m 20m z
Opvx/y ~ 10 um, opy , ~ 60 pm

Ap/p: 0.4% at 5 GeV/c, to 0.6% at 100 GeV/c

&(K — K) ~ 95%, mis-ID rate (1 — K) ~ 5%
e(u—pn)~97%, mis-ID rate (7 - p) =1-3%
og/E ~10%/VE®1% (E in GeV)

0g/E ~70%/VE®©10% (E in GeV)
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LHCDb trigger system
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Jibo HE (CERN)

@ Level-0, Hardware

» Fully synchronous at 40 MHz
» Selection of high pr particles
* pr(un) >~ 1.5 GeV/c,
pr(u) x pr(pe) >~ (1.5GeV/c)?
* Er(h,e,y) >3-4 GeV
@ High Level Trigger (HLT), software
» Runs ~30 k processes
» Stage 1, add tracking info, impact
parameter cuts
» Stage 2, full reconstruction +
selections

@ Global event cuts (GEC) applied on
the hit multiplicity of sub-detectors to
remove events with high occupancy.
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LHCb data taking

l Fill 2663: Instantaneous Luminosity

. . . :Esoooi IE‘E
@ Luminosity levelling . w
» L=4x10%2%cm 2s" (2xdesign)  {,.- i
» Continuously adjust beam overlaps gm‘f i
in collision region, luminosity kept £ m
flat at optimal level Eﬂmg

E 1 4
8on o2n oan oen osn" 1on 12n  14n  1ten

Date: 2012-05-25
LHCb

LHCb Integrated Luminosity pp collisions 2010-2012

e

@ Integrated luminosity (recorded)
» 2012: 2fb ' @ /s=8TeV
» 2011:1fb '@ /s=7TeV
» 2010: 37pb ' @ /5=7 TeV

Integrated Luminosity (11fb)
I

|
i

Date
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Measurement of Bf production
[PRL 109 (2012) 232001]
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http://link.aps.org/doi/10.1103/PhysRevLett.109.232001

Measurement of B production

@ Based on 0.37 fb~! of data taken in 2011, we measured

o(BF)x B(Bf — J/yrnt)
o(Bt)xB(BT — J/yKT)
N(BS — J/yrt) y gl

&, N(B™ = J/yK")
N (B — J/ynt) L erl
N(Bt = JjyK+) Gt

Rc/u =

for pr(B) >4 GeV/cand 2.5 < n(B) <4.5
@ We need to determine
> Signal yields, N (B — J/yr™), N(B" — J/yK™)
> Relative efficiency, !
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Events selections

@ Based on “signatures” of
» Long lifetime
» Hard pr distributions

b-hadrons

Quantity

Requirement

n

Track
ALLy,

pr
Track fit quality x2/ndf

Long track with muon detector hits (IsMuon)
>0

>0.9GeV/c

<4

Jy

Mass window

Vertex fit x2 /ndf
2

Xip

3.04 < My, < 3.14 GeV/c?
<9
> 4 (only for B)

Bachelor hadron (z+ for Bf and K for B*)

pr
Track fit quality 2 /ndf
Ao

>1.5GeV/c
<4
> 25 (only for B)

Bf or B*

pPr

Vertex fit x2 /ndf
2

Xip

T

Pseudo-rapidity

>4GeV/c

<9

< 5 (only for Bf)
>0.25ps
25<n<45

Jibo HE (CERN)
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Signal line shape

@ Studied using BT — J/wK™ generator level events
@ While ignoring the J/y FSR, i.e., take true J/y momentum,
signal well described by Crystal ball function:

(m-Mm)?

e a? | ifa™=M > g2
CB(m'M,G,a,n): (L)ne—az/z
g for the other cases
(a7 1ol =g - 757)
True J/wK™* mass Smeared
CB — 20584 0 (025
T T T T3 - T
E o 0S8 = 9.074 £ 0.011 MeV/
F ;’;:fs s gngég S 10 M,. = 5279.005 £ 0.015 MEV/c’
10°E RMS 0138 . g n%8 = 0.739+ 0.044
E E $103 ¥2ndf: 1.36
[ @
10°F 3 £
E E 210
L [}
10%F E
E E 10
10F E L 1 L
E 1 T— 1
5278.5 5279 5279.5 5280 5200 5250 5300 5350
M(I/WK*) (MeVic?)
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Signal line shape (cont.)

@ J/y FSR and mass constraint vertex fit cause tail on the right

side

True u*u~ K™ mass

Entries 353506
Mean 5.28e+03
RMS 0.516

10°F

5278.5 5279 5279.5 5280

- 2364:0018
- T
O oS = 10012+ 0.013 MeVIE
S 10 M,. = 5278.873  0.018 MEV/c'
% n°® = 1,752 0.056
N 103 xndt: 6.42
=
2]
8 1
2 10
] \
*
10 Wﬁ
1! 1 1 1
5200 5250 5300 5350

M@/PK?) (MeVic?)

@ A double-sided Crystal ball function used as signal line shape

Jibo HE (CERN)
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Parametrisation of double-sided CB

@ ng,ngfixed to 2 and 4, a’s parametrised as function of fitted mass

resolutions.

o

45 X2 I ndf 100219
Prob
4 PO 1.403 £ 0,01026
35 pL 0.05288 % 0.00197
p2 -0.0009022+ 8.541e-05
3|
5 25 &
2| W
1.5
1
0.5
5 10 15 20

o, (BY) [Mev/c?]

45 X2/ ndt 3.038/9
Prob 0.9628
4 PO 1601+ 0.0128
35 p1 0,07349:£ 0.002564
p2 -0.001459 + 0.0001157
3|
e M__.__._o—o—’—'—’—_ s
2|
15|
it
05
5 10 15 20

o, (B) [MeV/c?]

V.

oR

45 X2/ ndf 5.887/10
Prob .
4 po 2.002 £ 0.01326
3.5 p1 0.06956 + 0.001299
3]
2.5|
2|
15
1
0.5|
5 10 15 20
+ 2
0, (B) [MeV/c]
4.5) X2/ nd 2.068/9
Prob 04311
4] PO 1771+ 004613
25 pL 0121+ 0009785
g p2 -0.001477 £ 0.0004724

15]

0.5]

3
2.5)

10 15
a,, (B%) [MeVic?]
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Signal yields

@ B/, adouble-sided CB, Bf — J/wK™ ignored

@ B, two double-sided CB, Bt — J/yr™ considered, and ratio to
the number of signal fixed to 0.38%, as measured by LHCb
[PRD 85 (2012) 091105]

Bj, 162+ 18 B*, 56243 + 256
%\ Fr~ T+~ 1 1T &‘: T T T T
L E E < 10°F —+-D. 3
S 60f LHCb + baa 3139 LbHCb + o

F@ 4 Signal SO 0 Signal
= sof J =
o F Background 0 3 Background
) E T N A U
= 40f gk
4] E "
& 30 s [ .
° E = ;
S 20k H % 10° 3
& : O E ¢ HE S E
O 10f H i

0500 e300 6200 6800 5200 5300 5400 5500
M(JPTE) [MeV/c?] M(JPK2) [MeV/c?

Jibo HE (CERN) B physics at LHCb January 18, 2013 19/45



http://link.aps.org/doi/10.1103/PhysRevD.85.091105

Efficiencies in bins of (pr,n)

@ A/, would be biased if the predicted (pr,n) distributions different
from those in data while using the overall (relative) efficiency

@ To reduce the dependence on theoretical predictions, efficiencies
binned in (pr,n), signal yields in each bin obtained using sPlot

@ Model independent R/, = (0.68 +0.10)%

He
B; Bt

3\ 02 T T T 3 ? 0.4 T T T E
S enin[2.5,3.0] E T35k SN in[2.5,3.0] E
5 0.18F =nin[3.0,3.5] - ohe =nin[3.0,3.5] —DE
= min[3.5,4.0] K = nin[3.5,4.0] &
11j 0-16 41in[4.0,4.5] — = 0 0.3F 4 nin[4.0,45] ﬂﬁﬂ 3
—— E N -
0.14 E 0.25 +F .
0.12 —{— — o] o oalinE
= E 0.2 i —n
0.1 e [ S — - " —D—_O_‘Q‘=®=—O— E
0.08) a=a —-=0= E 0.15 'z"—o— o E
0.06F 6o~ -O-Zg:ié%- © E oAb == o E
0.04 - E - E
-Oo- E 0.05) - 3
0.028 _ O 3 o :

o 1 1 1 3 0 1 1 1

4 6 10 4 6 10
p; (GeV/c) P; (GeV/c)
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Systematic uncertainties, signal yields determination

@ Fit model, difference between fitted number of signal and input
ones, within 0.5%, conservatively, 1% assigned

AF ol
B; B

1.02 : ‘ 1.02

1.015F ] 1.015F
5 101 ] . o1
S £
£1005F E Z1005F
¥ . . €5
z 1 . . 1 . o« * o o o

. * .
0995F ° . . E 0.995F
099 10 15 20 09 10 15 20
0(BY) [Mevic] 0,,(B) [MeV/c?

@ Cabbibo suppressed background, fit w/ or w/o, yields changed by

< 1%, ignored.
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Systematic uncertainties, efficiencies determination

@ Lifetime, 7(B;) = (0.45+0.04) ps
» Varied by +o, relative efficiency changed by 7.3%.
@ Trigger efficiency
» With only lifetime unbiased (di)muon lines, ratio changed to
(0.65+£0.10)%, i.e., 4.4%, taken as systematic uncertainty.
@ Tracking efficiency

» Toy MC done with 2011 tracking efficiency table, relative efficiency
changed only by 0.2%, ignored
» Assign 2% due to nuclear interaction
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Systematic uncertainties, summary

Quantity Systematic uncertainty (%)
Fit model 1.0
Cabbibo suppressed background negligible
Selection negligible
B lifetime 7.3

GEC negligible
Trigger 4.4
Tracking negligible
Nuclear interaction 2.0
Weight procedure negligible
Total 8.8
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Results

@ First measurement at 7 TeV, to guide B; studies at LHC
(Reju = (0.68:£0.10 stat.) £0.03 (syst.) £ 0.05lifetime)) % |
for pr(B) >4 GeV/cand 2.5 < n(B) < 4.5
@ Comparison with theoretical prediction, taking
» 6(Bf)=0.4ub
» B(Bf — J/ynt) =0.29%, C.-F. Qiao et al., [arXiv:1209.5859]
» 6(B*, pr(B) <40GeV/c, 20 <y <45)=41.4+15+3.1 ub,
measured by LHCb [JHEP 04 (2012) 093]
> B(B* — J/wK*t)=(0.1016+0.0033)%, PDG'12
and the efficiencies of acceptance from Monte Carlo, we obtain
RTheo. —0.56
c/u —
before considering theoretical uncertainties.
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Measurement of B mass
[PRL 109 (2012) 232001]
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http://link.aps.org/doi/10.1103/PhysRevLett.109.232001

Measurement of B mass

@ Based on 0.37 fb~' 2011 data
@ Selection almost the same as that used for production
measurement, except
» Trigger and n requirements removed
» AlLLx(m) > —5 added to reduce contamination of Bf — J/yK™
» om(B;) < 20 MeV/c?

NA =L DL L DL L LA B
2 60F LHCb —+ Data =
% o —Totala‘ ]
r A Sign: i
E 50 E ) Background
2 wf
Eﬁ o
ko] 30:
= E
T 20F
= o
O 10 o
0: e 3

6200 6300 6400 6500
M(JPTE) [MeV/c?
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Calibration of momentum scale

@ Momentum scale calibrated with J/y run by run, split into 5 run

periods, e.g.,

3100
% 3008 | R ot s E
S 309 F + 3
= f ; *
= 3004 | +n._ NI 'UL 0 +~W¢-A WTRWL‘*\’ e
g 3092 ?W“M?;K)g@%gﬁmﬁ#w‘” W - Mﬂ**ﬁ 'F‘ Lr—lt‘bgdimij:;; S=7TVDaI:} '~* f** \V R
s Scale: 1.401192 + 5.2e-06 l

30900 100 200 300

Run

@ Momentum scale verified with K‘S), T, difference between J/y
and T, 0.06% taken as systematic uncertainty
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Systematic uncertainties, fit model

@ Difference between fitted mass and input one: 0.7 +0.1 MeV/c?
for oy = 13 MeV/c?. B mass corrected by 0.7 MeV/c?,
0.1 MeV/c? taken as systematic uncertainty.

0.
T o
®
E -0.2F o
.
£ -04F °
g * e
S -06F
E‘ . o °
g -0.8F ¢ ¢
1] b L]
=
< -1.2F
5 10 15 20

0,,(B2) [Mevic?]

@ Background line shape, using a flat line instead of exponential,
changed by 0.3 MeV/c?.
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Systematic uncertainties, momentum scale

@ Momentum scale, varied by +0.06%, B mass changed by 1.4
MeV/c?

@ 7 dependence, momentum scale parametrized as function of 7,
the complete analysis repeated, variation of 0.3 MeV/c? seen.

3098 . . 3098

3007 magbown 1 3097F magup E

3006 1 3096F¢ 4 1
‘gsogs 4, " ’§3095§ - .,* ++{
D3004f e, T3094F  *%ees, o,
’2__\‘3093 3 """“‘-'...-w-..-'”um.. .'Oo": +§ §3093 E .N.""""O""M“'“."." * E
33092f .  33092f E
<3001F {S3001F

3090} 3090

3089} 3089

3088, 3 4 ERR 3 4 5

Max n(u) Max n(u)

@ Energy loss, from 2010 measurement, 0.1 MeV/c?
[PLB 708 (2012) 241]
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Systematic uncertainties, momentum scale (cont.)

@ Alignment, track slope varied by +0.1%, repeated the complete
analysis, including momentum scale calibration, B mass
changed by 0.1 MeV/c?

@ Relative alignment of different sub-detectors, TT hits removed,
repeated the complete analysis, including momentum scale
calibration, B mass changed by 0.6 MeV/c?

@ Charge and polarity, no obvious dependence for B with the
current statistics

Jibo HE (CERN) B physics at LHCb January 18, 2013 30/45



Systematic uncertainties, summary

@ Also measured the mass difference with respect to B,

AM = M(BF) — M(B™), systematic uncertainties evaluated in the
same way

@ Summary of systematic uncertainties (in MeV/c?)

Source of uncertainty M(Bf) AM
Mass fitting:

— Signal model 0.1 0.1

— Background model 0.3 0.2
Momentum scale:

— Average momentum scale 1.4 0.5

— 1 dependence 0.3 0.1
Detector description:

— Energy loss correction 0.1 -

Detector alignment:
— Vertex detector (track slopes) 0.1 -
— Tracking stations 0.6 0.3
Quadratic sum 1.6 0.6
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Results, world best to date

® Mass | M(B;) = 6273.7+1.3(stat.) 1.6 (syst.) MeV /c?)

@ Mass difference
[ AM=M(BS) ~ M(B¥) = 994.6+1.3(stat.) £ 0.6 (syst.) MeV/c? |
Taking the world average BT mass (5279.25+0.17)MeV/c?,
we obtain,
[ M(B;)=6273.9+1.3(stat) £0.6 (syst.) MeV/c?
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New world average

@ LHCb result in good agreement with previous measurements and
theoretical prediction, 6278(6)(4) MeV/c? twaco, arxiv0704.3495]

CDF Il
DO —e—
CDF
PDG average 6277.13 + 5.89 e
LHCb ]
New average 6274.46 + 1.75 ]

6200 6250 6300 6350 6400
M(B) [MeV/c]
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First observation of Bf — J/yntn—n+t
[PRL 108 (2012) 251802]
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http://link.aps.org/doi/10.1103/PhysRevLett.108.251802

First observation of Bf — J/yntn—n+

@ Based on ~ 0.8 fo~' data collected in 2011
@ Cut based pre-selection + S/B likelihood-ratio discrimination
@ Use Bt — J/yrtn~ K™ as control channel

@ Measured
B(Bf — J/yntnrnt) _ N(Bf — J/yrntrn—nt) gl
B(BI — J/yn+) NBL = Jjynr)
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Signal yields

@ Bf —J/yrntrn nt, 135+ 14, first observation
@ Bf —J/yrnt, 414425

120}
100f
8of
60k,
4o} Il
20_ U, | IR

Jhprt .

Events /10 MeV Events / 10 MeV

5300 6000 6200 6400 6600 6800
M@A/PTe[rETe]) [MeV]
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Ratio of branching fractions

@ Total efficiencies computed from MC.
@ Systematic uncertainties
» Signal yields
* Signal and background line shapes, 3%
» Efficiencies
* Decay model, 9%
* Tracking efficiency, 5%
* BgL lifetime, 4%
* Trigger efficiency, 4%
@ Results

B(Bf —J/yrta o
[ (B(BZ L‘Z}‘W;’)‘ ) = 2.41 iO.BO(stat.)iO.33(syst.)}

Theoretical predictions:

» ~ 1.5 by A. Rakitin & S. Koshkarev, [PRD 81 (2010) 014005]
» ~ 2.3 by A. K. Likhoded & A. V. Luchinsky, [PRD 81 (2010) 014015]

Jibo HE (CERN) B physics at LHCb January 18, 2013

37/45
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http://prd.aps.org/abstract/PRD/v81/i1/e014015

M(rmtrn—nt) & M(x"x~) distributions of B} signal

@ Background subtracted invariant mass distributions (points with
error bars) of M(n+tzn~nt) & M(n+ 7~ ) consistent with
B — J/wa; (1260), with virtual af (1260) — p°z* decay model
[PRD 81 (2010) 014015] [arXiv:1104.0808] used in MC (blue line)
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B¢ signals from other experiments at LHC

[ATLAS, CONF-2012-028] [CMS, PAS-BPH-11-003]
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Prospects
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Prospects: Litetime measurement with B — J/wx*

@ Based on MC studies [CERN-LHCb-2008-077]

@ Acceptance determined from MC, two pr(Bg) bins

(5-12, > 12 GeV/c) to reduce dependence on pr(BZ) distribution.

@ Statistical uncertainty below 30 fs achievable with 1 fo~' of data

@ Plots in high pr bin:

Events / (6 MeV/c?)
a
5

Gpu= 275+ 1.9 MeV/c?

O, = 226+ 3.7 MeVic?

Ty = 0.438+0.027 ps
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Shy g = -0.0000958 = 0.00002
Sl = -0.0000690+ 0.00003

fon= 0.18120.013
fou = 0.0456+ 0.0081
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(a) Mass

Events / (0.05 ps )

= 27.5% 1.9 MeVic?

LHCb MC
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Ty = 0.438+0.027 ps

M,. = 6400.2+ 2.0 MeV/c*

S|
f,u= 0.181£0.013
f,, = 0.0456 + 0.0081

Shygy = -0.0000958 + 0.00002
g = -0-0000690 + 0.00003

3 q
Proper decay time [ps]

(b) tin signal region

@ Will also try data-driven method to determine acceptance

[CERN-LHCb-2007-053]
Jibo HE (CERN)
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http://cdsweb.cern.ch/record/1152335
http://cdsweb.cern.ch/record/1035683/

Prospects Lifetime measurement with Bf — J/yutX

@ Bf —J/y(utu)utvy,, comparedto Bf — J/yn*
» Pro

* Larger branching ratio, ~1.9%
* 3 p in the final states, easier (relatively) to reduce background
Lifetime unbiased selection would be possible

» Contra

* Missing energy caused by neutrino, partially reconstructed. Not easy
to use MC-free method to estimate background.
* Need MC to correct the missing energy while calculating the lifetime

@ Tight J/y selection, and a tight pr cut on the bachelor .

@ Expect ~ 5 k reconstructed B — J/y(utu~)utv, from 1 fo~
of data @ /s = 7 TeV, analysis ongoing to measure B lifetime

Jibo HE (CERN) B physics at LHCb January 18, 2013 42 /45



Prospects More topics

@ BZ production
» Measuring differential cross-section down to zero pr(B), with 2012
data (v/s =8 TeV)
@ B mass,
» Updating with all 2011+2012 data
» Statistical uncertainty below 0.3 MeV/c?, better understanding of
momentum scale to control systematic uncertainty
@ In the pipeline, Bf — J/wK™, B} — w(2S)n+, Bf — J/wD¢
e Bf — Bont
» Self-tagged channel
» With B — J/y¢ or B — Dsx
» Analysis with 2011+2012 data ongoing
@ Annihilation
» Possible channel, e.g, Bf — K*'K*, B~ O(1078), c.f.,
S. Descotes-Genon, et al., [PRD 80, 114031 (2009)]
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Prospects, search for excited states

e Bt — B{y, very soft photon, difficult for LHCb

@ 1st P-wave states, small cross-section, mass difference among

four states are small, need more data
@ 2S states, analysis with 2011+2012 data ongoing
> B(2'Sp) — Bintm

» B,(23Sy) — BT (BSy)ntn—, when photon is missing, invariant

mass peak shifted down by M(B;") — M(B; ) but not washed out
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Summary

@ LHCb performed the world-best measurements of B} production
and mass, and observed Bf — J/wrtx~rt for the first time

@ Lifetime measurements, observation of several new B} decay
modes are in the pipeline

@ Production and mass measurements are being updated, search
for new decay modes and excited states are ongoing
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