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LHCD

THCH Outline

» Introduction
> Observations of B} new decays
« Bf ->yQ2Snt
« B¢ - J/pDY"
> Mass measurements of Bf meson and b baryons

> Polarization measurement of AY baryon

» Summary and prospects
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LHCD

B meson:

B} meson

» Unigue meson in SM with two open heavy flavors

» A wide range of decay modes
e ¢ - stransition: Bf - Bn™..

* ¢b - WT annihilation:
B - ttv,...
» Rich spectroscopy
Experimental studies of B
before 2012:

» Few decay channels observed:
 BY = J/iltv [PRL81 (1998) 2432]

o Bc+ - ]/IPTC-I_ [PRL 96 (2006) 082002]
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B. Mass Spectrum ]
S. Godfrey [PRD 70 (2004) 054017]

ISO BSI

 Bf > J/Yymtm T [PRL108 (2012) 251802]

» Ground state mass measured:

m(B}) = 6273.7 + 1.3(stat.) + 1.6(syst.) MeV /c?
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LHCD
THCH b baryons

b baryons:

» SM predicts 16 ground states (J = 1/2 and 3/2)

=> to be tested by experiments J=1/2 b Baryons 3b

» Weakly decaying states:

A = J/iA,  [PLB 273 (1991) 540] 2b
Zp = J/WE,  [PRL99 (2007) 052002] i%
— [PRL 101 (2008) 232002,
2y = J/9Q, PRD 80 (2009) 072003]
» Strongly decaying states:
0b

> — A%t [PRL99 (2007) 202001]

> Excited states: 4}° observed at LHCb

AP(5912) - A%t~ AL (5920) - At~ PRL109(2012) 172003
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% LHCb detector

» Asingle-arm forward region spectrometer covering 2 <n <5

gcaL HCAL
SPD/PS M3

RICH2 M)

M4 M5

; Delivered in 2012 (4 TeV): 2.209 /fb ; i Lt
...... . Recorded in 2012 t4 TBV): 2082 Mflp [ .................... ........... F .................
: Recorded in 2011 (3.5 TeV): 1.107 /fb : : :

Recorded in 2010 (3.5 TeV): 0.038 /fb

» Data taking: stable & efficient
« 2012 ~2fb 1@ 8TeV

. 2011: ~1fb~! @ 7TeV
.+ 2010 ~37pb i@ 7TeV
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LHCb

> Based on 1 fb~! data collected in 2011

The third observed hadronic decay mode of B} meson

> P(2S) reconstructed in u*u~ channel \
» Event selection with
Boost Decision Tree (BDT) wlpp

IPS (B}) ut
» Control channel -
B!
+ +,, Vot
Bl = J/b(=un)m pr (B N
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LHCD

Fitting to B - ¥ (28)nt™

Signal: Crystal Ball B} — J/yK™: Crystal Ball

Partial reconstruction bkg: ARGUS ® Gauss

Combinatorial bkg: exponential
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Ratio of branching fraction.
B(BS » ¢(2S)n™)

Results of Bf - y(2S)w*

N(BS - (2S)n™)

B(BF - J/ymt)

N(B: - ]/ym*)

= 0.250 + 0.068(stat.) J_r}914(syst.) + 0.006(B)

dominated by BDT selection

» Theoretical predictions

0.017/0.061 = 0.279
[PRD 68 (2003) 094020]

» Comparison with similar ratios
for B-decays [Epic 72 (2012) 2118]

2013/4/23

Relativistic quark model (RQM):

2

B(B* - Y(28)K™)/B(B* - J/PK™)
LHCb

o o |

DO 2009
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B(B® - ¥(28)K*°)/B(B° - J/PK**)
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H= =H
PDG —e—i
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D0 2009 .
CDF 2006 .
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LHCb

First observation of B/ —>]/tlJD§*)Jr :

) [arXiv:1304.4530]
a

_b) s c)
b cb

> B} - J /YD expected to

proceed through: b

C

S

C C C cc c

c spectator color suppressed annihilation
c spectator

> B} —>]/z/)DS(*)+searched with 3 fb~! data collected in 2011 & 2012

» Event reconstructed in the decays:
* J/Y > utuT,Df - (KK )en™ ¢ Dg* partially reconstructed

i K3 v’ followed by D* - D}y or D ¥
K~ v' three helicity amplitudes:
Dy’ Ay, Ago and A__
@
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RCH Fitting

to Bf - J/pDp%*

J/YDZ invariant mass distribution

10

&-\60_ ! ! ! | ! ! ! | ! ! ! | ! ! ! | ! ! ! ]
< [ LHCb B - J /YDy |
c S0 3fp1 Gaussian —
- VAR
< B} - J/D;* E
9| helicity components A, & ]
_-‘-f A1 shapes from simulation; E
'c% Fraction f. , free for fitting E
o -

» First observations of these

channels with > 9 o

N(B} - J/yDi) = 289 + 5.6
N(B: = J/$Ds™)

= 2.37 + 0.56
N(B: = J/yDy)

iE

5.6 5.8 6 6.2

6.4 6.6

m(J /¥ D3)[GeV/c*]
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b . . _
%ﬂ B} - J/wD'" branching fraction

» Branching fraction:

B(BS = J/YD5) €1  N(BZ = ]/YD5)
B(BY = | /Y = B, . X NGB = Junt) = 2.96 + 0.67(stat.) + 0.25(syst. )

¢ s ¢ dominated by B(D} - ¢p(K*K)n™)
B(B& = ] /yDs™) -

= 2.36 + 0.56(stat.) + 0.10(syst. ) [PRL 100 (2008) 161804]

BB = /0D)
» Theoretical prediction
B(B; - ]/¥DS)  B(BS —]/PDs™)
B(BS = ] /¢n™) B(BS - ] /YD)
2.6 1.7 ROQM [PRD 61 (2000) 034012]
1.3 3.9 QCDSR [arXiv:hep-ph/0308214]

2.90 + 0.42 2.20 +0.35+ 0.62 Naive factorization with B°

1.58 + 0.34 2.07 £0.52 + 0.52 Naive factorization with B*
1
r(Bf - J/ybDs) I'(B—D'Df) I'(Bf —J/pDs*) TI'(B— D*D;¥)
r(B = J/yn*) " I'(B-Dn*)’ I'(Bf - J/YDS) ~ I'(B - D*D})
2013/4/23 Yuan XH, Tsinghua University 11




LHCD

» Fraction f,; :
f _ Ny (BS — ] /Ds™)
7 Neot (B - ] /D)
» Theoretical prediction

=521+ 20%

THCD Results of fraction f 4

Simple estimation f

2
t+ =3
Measurement of
Factorization
prediction for  fi4 =46.5+3.3%
B® - D*~D:*
RQM prediction in
B - J/Yltvy, frz = 56%
decays

2013/4/23 Yuan XH, Tsinghua University

CLEO [PRD 62 (2000) 112003]

BaBar [PRD 67 (2003) 092003]

[“Probing the standard Model
of particle interactions’]

[PRD 68 (2003) 094020]
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LHCD L
THCD B} mass determination

L L L L L L LI AL L LI
T(3S) - puu” o ILLHCDb
T(2S) > u u 5 ] :
Y(1S) = uru” ;-
B" = yQS)[u n K o
Bt = Jy[u w K ntn e
B* = Jy[u u K" i .
Y(2S) = puo .
y(2S) = Jyrn L e :
Iy — i ..
K! = 1 (a) .. '
K! — n*n (b) »
oo ooy o ey by by oy oy by by
-1.5 -1 -0.5 0 0.5 | )
> Fitted B} mass need to be calibrated: o [107]
e Scale on the track momentum
 The scale a makes B* - J/Yy(u*u~)K* mass to PDG 2012
« Variation of scales studied with a variety of decays
v 3x107*
v Propagated to uncertainty of Bf mass: +0.030 MeV/c?

2013/4/23 Yuan XH, Tsinghua University

Decay mode

arXiv:::1302.1072 [hep-ex]
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LHCD
TRCH Mass of B meson

The low Q-value for the Bf — J /DS decay mode allows the B}
mass to be precisely measured

m(BF) = 6276.28 + 1.44(stat.) + 0.36(syst.) MeV/c?
m(BY) — m(DF) = 4307.97 + 1.44(stat.) + 0.20(syst.) MeV/c?

DO

CDF

LHCb (J/p m*)

Old average: 6275.41= 1.90

Most precise single
measurement

LHCb (J/y D)

Average: 627485+ 1.35

N B A P SRR S PR
6260 6270 6280 6290 6300 6310 6320
B! mass [MeV/c}]
2013/4/23 - Yuan XH, Tsinghua University 14
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Mass measurement of b baryons

[arXiv: 1302.1072]
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After calibration

m(A}) = 5619.53 + 0.13 £ 0.45 MeV/c?
m(Z;) = 5795.8 + 0.9 + 0.4 MeV/c?
m(Q;) = 6046.0 + 2.2 + 0.5 MeV/c?
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Comparing with previous results

CDFI[110pb ]

CDF T1 [220 pb ]
. : DO [1.3 b '] — . .
LHCb [35 pb | —e—i
: L= =
ATLAS [49 b - fepris2 b5, - IyZ= _ e
: : )
Average 5619.4 + 0.6 .—.—| AO mass CDF[421b ] 5 - =n ~b m aSZS
1 1 . b [MeV/c“]
LHCb [35pb + 1.0 b | [MeV/cz] PDG [2012] 5791.1+2.2 e
New average 5619.5 + 0.4 I—-—i LHCb [1.0 fb ']
N B i
5615 5620 5625 | New average 57952 0.9 o
E L [ L L I L . 1 .
DO 13 b 5760 5780 5800
CDF [4.2 fb ] e

PDG[2012] 6071 40 '

LHCb [1.0 fb”) | IWorId’s best measurements
'Q'b Mmass
|CDF+LHCb average 60489+ 2.1 I-{ [M eV/cz]
5050 6100 6150
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LHCD L
m Ab pOIanza“C)n arxiv: 1302.5578

» Longitudinal polarization vanishes, but transverse polarization predicted

large (~ 20 %) [PLB 614 (2005) 165]

» Sufficient transverse polarization allows to measure the photon helicity in
[J. Phys. G 24 (1998) 979, PLB 645 (2007) 204]

A) - Ay =» search for new physics

> No polarization measurement for .§ o
A} at hadron colliders before -% 0 .

» Hints from fixed target experiments S o1l
* baryons polarization strongly < | BN
depends on xp 02 o H:ERA-'B TR

. Vanishes at x; - 0 03 _ ;'(' 2%2498 +

» Small A, polarization (< 10 %) lll.l
excepted at LHC (xy = 0.02) R = R R OépLO'ﬁ

2013/4/23 Yuan XH, Tsinghua University s 17



LHCD .
THCH Angular analysis

> Decay chain: A} - J/Y(uTu)A(pr)

» 5 angles to describe the angular distribution

« 6 :polarangle of p, wrtn = 5Ag X Dpeam IN AY rest frame
* 6;, ¢;1: polar & azimuthal angle of p,, wrt ﬁAg in A rest frame
* 0, ¢ polar & azimuthal angle of g+ wrt ﬁAg in J/y rest frame

2013/4/23 Yuan XH, Tsinghua University 18



LHCD

THCD Angular distribution

Integrated over azimuthal, cross section parameterized as

7
dr 1
FTOR (cosB, cosB4, cosb,) = EZ fi(ay, 19,71 ) g;(Pp, ap)hi(cosB, coshy, cosb,)
: = \
Transverse polarlzatlon i | filap.ro.71) || 9 ( Py, an)| |hi(cos B, cos b, cosfy)
parameter 01 1 7
_ 2 2 1 o cost
o = |M+1/2'0|2 + |M_1/2'0|2 2 2ri—ay g Qg cos 6,
Tl = |M+1/2’0| - |M_1/2,0| 3 2?‘9 —1 PbD:A 6059{10591
2 2 4 Z(1-3ry) 1 L(3cos?fy — 1)
ap =1y + [ M_1/5 1| — | M. 2 2
p =1 H [Mogppa] = [Miaj ] 5 Yay—3r) D L(3cos? B — 1) cos §
6 —2(op+r1y) 2(3cos® By — 1) cos b,
Helicity amplitude 7 —3(1+r)  Bay 3(3cos? 02 — 1) cos 6 cos 6,

P-violation asymmetry

A decay asymmetry parameter:

ap = 0.642 + 0.013 (PDG2012)
PRD 86 (2012) 010001

Four parameters (Py, ap, 1y, 71) have to be measured simultaneously

from the angular distribution

2013/4/23 Yuan XH, Tsinghua University 19
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[RESY

> Dataset: 1.0 fb~1 data in 2011

» /A can decay outside (OUT) or inside (IN) of the vertex detector

A} - J/PA signal

» Event selection: BDT
Signal: double Crystal BaII Background: first order polynomlal

Nsig =5346+96 {4 | HCp 1 Nsig = 186149 (1 LHCb |
o= 8.9 MeV/c? 10 b= .-_:G = 6.4 MeV/c? ! 1.0 fp-1
o 300F o : '
- ; — 100}
= 200} P
b : g 50
S 100 c
O ' ©
c i -
© [ - — . © M b M i
S o S

5550 5600 5650 5700 5550 5600 5650 5700

M(J/wA) [MeV/c?] M(J/wA) [MeV/c?]
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LMI!(’{\?] Fit of data

» Unbinned maximum likelihood fit to angular distribution (OUT + IN)

« Background subtracted and acceptance corrected

(x}soo T T T (e 0] i T T T 7 O
< [ LHCb 1< 400f LHCbq<
S 12§ 1= 300
$ 200 1 g 300} 5
! 18 oank 13200
12 200 e
OouT 18400l 15 100k ki
Similar for IN 19 7k ©
OI e 0'. —— 0 [ ] 1 ] i
-1 -1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1

cos 0, " cos6,
T | L

— T T — T ™ T T T T T T T T T T T T T T T T T3] T [ T T T T [ T T T 7T
0.014f_ . 5) -~ 0018¢ a, = (—0.5,0,0.5) PY°K 1y = (0.1,0,—0.1)
|:'1012:_ J0.016 B~ —:0_014

COF : 1 0.014F 1 =05 Jo.012F

001L — J0.012F = J 001

0.008 “‘“‘\\:: 0.01F _;EI' oos E —

0008 E -] D.ﬂﬂﬂ;— —; - m—— 3

s 1 0.006F T~ J0005F E

. . = 2 . J0.004 F =
Prediction 14p PR Do N el 2 2
~1+ Fpapcos 100028 ~ 14 ap(2r;) — ap)cosf P02~ 1+ 15 + (1 — 31p)cos"0,7
a5 o o5 1 % w5 0 05 1 % 05 0 0.5 1

Since distribution of cos@ is nearly flat, small polarization expected
2013/4/23 Yuan XH, Tsinghua University 21
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THCH Results of AY — J/pA

» First measurements of A, polarization

P, = 0.05 £ 0.07(stat.) £ 0.02(syst.)
ap = —0.04 + 0.17(stat.) + 0.07(syst.)
ro = 0.57 + 0.02(stat.) + 0.01(syst.)
r, = —0.59 + 0.10(stat.) + 0.05(syst.)

» Comparison with theory

» Polarization parameter P,
v' Dose not exclude QCD perturbative theory prediction of P, to be
[PLB 649 (2007) 152]
0(10%)
« P-violation asymmetry parameters «a:

v' Compatible with the predictions ranging from —21 % to —10 %

[PRD 56 (1997) 2799, PRD 58 (1998) 014016, PTP 101 (1989) 959,PRD 65 (2002) 074030,
PRD 80 (2009) 094016]

v Disagrees with HQET prediction of 77.7% at 6.1 ¢  [PLB 614 (2005) 165]

2013/4/23 Yuan XH, Tsinghua University 22
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THCD Summary

With 3 fb~1 data , LHCb provide good opportunities for B} meson

and b baryon studies
B/} studies at LHCb

» First observation of three decay modes
« Bf -yQR2S)nt (5.20)
* B - /YD (>90)
* B - J/YDgT (>90)

> World best determinations of B} mass

b baryons studies at LHCb
> World best determinations of A}, Z; and Q; masses

> First measurement of A polarization in pp collisions with 1 fb~! data

2013/4/23 Yuan XH, Tsinghua University 23
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TRCH Prospects

B} meson

> More precise measurement of B production with few thousands
reconstructed B} — J/ym™

» New decay channels and excited states

b baryon

» New b baryons and excited states

» new decay modes

T#ANK you

2013/4/23 Yuan XH, Tsinghua University 24



