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OUTLINE G\

frhe LLHCD detector \

» First observation of the decay B_,* 2 B** K-
[LHCB-PAPER-2012-030; arXiv:1211.5994]

» Observation of excited AY baryons
[LHCB-PAPER-2012-012; PRL 109 (2012) 172003]

» Measurement of the A%, Q- and =- baryon
masses [LHCB-PAPER-2012-048 in preparation]

» Measurement of the A? production
polarisation [LHCB-PAPER-2012-057 in preparation]
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|
DATASETS

[ LHCDb collected 1.0 fb-tat 7 TeV (2011) + 2.1 fb-lat 8 TeV (2012)]
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rFirst observation of the decay
B,,"(56840)° > B*™K- and studies of excited
B’ mesons

[LHCB-PAPER-2012-030; arXiv:1211.5994]
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MOTIVATION T

» The heavy quark effective theories (HQET) predict the masses of the
B, mesons assuming m,, ; ./m, ~ 0

> Precise measurements of the excited B and B, meson properties are a
sensitive test of the validity of HQET

Sb Flud.s) L Relative orbital angular momentum
J =L+ 5.4,y Angular momentum of the light quark
- = ‘ J=7+3% Total angular momentum of the B meson

/ Many models predict: \

m(B,,*) > m(B*) + m(K)
m(B’,,)

m(B,)) > m(B**) + m(K")
m(B,,*)

jq JY  Allowed decay mode
BTK-  B*TK-

L L L L By, 1/2 0%  yes no
B, 1/2 17 no es

% ’ % 1 y
BsO B s1 le Bs2 s 3/2 17 1no yes

Two Broad States Two Narrow States B:2 3/ 2T
(r'~100 MeV) ('~1 MeV)
(1* = 0- 0 Forbidden)




rEXPERIMENTAL STATUS:
B.,(56830)° AND B,,*(5840)°

» Two narrow peaks observed in the B*K- by CDF
> B,," is the only narrow state expected. What is the
nature of the second signal?

PRL 100, 082001 (2008)

»
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jq JT  Allowed decay mode
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L

BtK- B*tK- =9
o 1/2 07 yes no I
B, 1/2 1t no yes i il
+ S T
Bil 3/2 1+ no e 1 |
o 3/2 2 yes Jyes ghli

Candidates per 1.25 MeV/c?
7

s 900 150 200
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[ It is interpreted as a feed-down of the B,;,2> B K- decay J ‘

2

followed by B** >B* y, where the photon is not observed
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B,;(5830)° FEED-DOWN

“Phase space” plot
.36\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\

B> B* v K-

34

B 5P N B, — B*VKY
1

I
—\BTh

~ 7

5.29

Mp+«-Mp
5.28

o
W
TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ T

co v b b b b Py
527 10 20 30 40 50 60 70

m(B* K) - m(B*) - m(K')[MeV/c?]

The peak is shifted by the B** - B* mass difference
(~ 45 MeV) due to missing momentum of the photon
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» Swapping the identification would lead to a large mass
splitting of the j=3/2 doublet

> The B, state is not confirmed by DO
\. J
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SEARCH FOR B,; AND B,,” AT LHCb

LHC{%
ACH
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>
>

o

Analysis strategy

2011 data sample corresponding to £L = 1.0 fb-!
Selection of a high purity BT sample

» The B* candidates are combined with a track of

opposite charge that is identified as a kaon

» Optimization of the B,; and B,* in the B'K- mass

spectrum

~

/




r
SELECTION OF THE B* CANDIDATES

/~® BT mesons are selected in four decay modes: "\

® BT — J/p(— pTpm) KT
® Bt - D%(— Ktg—)nt
® Bt - D(— Ktnnta)n™

\_ ® Bt - D(— Ktn)nta o™ )

" » B* selection optimized by a boosted decision tree classifier |

trained on variables common to all four decay modes (e.g. Py and IP
of the final state tracks and of B* candidates, the detachment of the B* candidate
from the primary interaction, etc...)

\§ /

The classifier 1s trained on data using the sWeights
technique, with the B" candidate mass as a discriminating
variable, to unfold the signal and background distributions Q




I
B* CANDIDATES

(> The cut on the classifier response chosen by optimizing
the significance of each B* signal.
» B™ samples with purity ~85% - 95%
» ~1M of B* candidates

J H
| |

7 — — —
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(> B* candidates, within a 20 mass region, combined with K- N
» The B*K- candidates are refitted:

v' Primary vertex constraint (i.e. B* and K- are forced to Q

come from the primary vertex)
\ v Bt and J/P (DY mass constraint

J




I LHCH
SELECTION OF THE B*K- CANDIDATES [[a\Si\]

ﬁmplementation of a Boosted Decision Tree classiﬂh
whose 1nputs are:
» Ppofthe B and K

» Kaon PID
> Vertex y?

» The training is performed using simulated events for
the signal and the like-charge B*K* candidates in the
data for the background, where Bt = J/ ¢ K*

» The same selection 1s subsequently applied to all B*
decay modes.

» The cut on the classifier response 1s chosen by
optimizing the significance of the B_,,* 2 B*K- signal.

(N.B. Simulation shows that B,;,2>B*K- and B, >B*K- and
B,,”2>B™K- decays are characterized by similar PDFs)
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SPECTRUM OF M(BK)-M(B)-M(K) MASS DIFFERENCE

~ 1000 - -
5 - LHCb ]
/> The two narrow peaks \ = S0 :
corresponding to the < 600fB,—~B"K
B,,>B“K and B,*>BK | 7 [ % ]
signals are observed § 400 - ‘ * %510 15 20 25 30 353
> A new smaller structure % 200 ‘1 i w WG
seen around 20 MeV o r >
» No peaking structures in 0 '
\ the B*K* combinations / = 2
= 2
0 20 40 60 80 100 120 140 160 180 200
m(B'K") - m(B") - m(K") [MeV/c?]
jq J©  Allowed decay mode “Phase space” plot
BtK- B*tK- g T
 1/2 0F yes no Z?:
L1201t no yes B+ -
Bs 3/2 17 no es
no3/2 27 yes yes
The B,,*> B™*K- decay could manifest itself in
the B*K- mass spectrum in a similar fashion to :

the corresponding B_; meson decay 0 e T w0 s e

m(B* K') - m(B*) - m(K)[MeV/c?]




r
FIT MODEL

Q = m(B*K")-Mg,-My

BSZ*9B+K- ~ 1000 —————————F—— T -
Q | - ) J ) ) ) ' q]
> Relativistic Breit-Wigner | % 800 — LHCb .
convolved with a Gaussian. > ~ . .
» Gaussian width fixed to the E/ 600 B, =B 'K ]
expected MC resolution (~ 1 MeV) 2 — ]
5 400 — 5 10 15 20 25 30 357
B.,/B,,*>B**K- % 200 - Y -
(> The shapes depend, in a non-\ 0B
trivial way, on the phase space 5
and the angular distribution = pli%eul Tl T R L1 0Ll ATINT 0T 810,
> Gaussian function as effective | &~ -2
\_ parameterization ) : : : : : : . . .
0 20 40 60 80 100 120 140 160 180 200
Backgroun d m(B'K") - m(B") - m(K") [MeV/c?]
FIT PARAMETERS
Threshold function: /
f(Q = Q* exp(BQ+7) < Yield: N(B,,*2>B*K)
< Yield ratios relative to B_,*>B*K-
< Q values
*
g r(B82 )

\<> m(B*)-m(B) Y




r
SYSTEMATICS

/
[ Source Q(Bs1) Q(BY,) m(B*Y)—m(Bt) T(BX) RBs2 oBs/BiRBa/Bs;
(MeV/c?) (MeV/c?) (MeV/c?) (MeV/c?) (%) (%)
Fit model 0.00 0.02 0.03 0.01 0.2 0.5
BT decay mode 0.01 0.01 0.02 0.01 0.1 0.1
Selection 0.03 0.02 0.19 0.05 1.1 0.6
BT signal region 0.01 0.03 0.11 0.07 0.2 0.4
Mass resolution 0.00 0.01 0.02 0.46 0.2 0.9
Momentum scale 0.02 0.10 0.03 - - -
Efficiency ratios - - - - 0.2 0.2
Missing photon 0.01 - 0.01 - - -
\ Total 0.04 0.11 0.23 0.47 1.2 1.3 /
N M
/< <> Variation of selection criteria )

<> Narrower B* signal region (+10)

< Detector resolution varied by + 20%

< Momentum scale calibration: £0.15%

< Relative selection efficiency @
\<> Mass shifts due to the missing photon Y.
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FIT RESULTS

LHC

)

—

/ Parameter Fit result Best previous measurem

m(Bs1) —m(B*T) —m
m(B%,) — m(BT) —m(

o(pp—Bs1X)B(Bs1—B*TK™)
o(pp—B:, X)B(Bl,—BTK™)

S

(232 £1.4 g0 % 1.35550) %

NB31—>B*+K_ 750 Z|Z 363tat
Np+, g+ K- 307 £ 46tat
NB;‘E—)B"‘K‘ 3140 :|: 1003tat

eﬁ
(K_) 10.46 = 0.04 414t = 0.04 4y 5 MeV/62 10.73+0.21 +0.14 MeV/C2
K™) 67.0640.0550: £0.11,,5; MeV/c® 66.96%0.39=+0.14 MeV/c?

m(B*+)— m(B) 45.01 £ 0.30,00t £0.23,,5e MeV/c2  456+08  MeV/c?
I(B,) 1.56 £ 0.1351q¢ £ 0.47,,5; MeV/c?
B(B*y,—B*+K~)

/

The Q values are translated into absolute
masses by adding the product masses

m(B*T) = 5324.26 £ 0.30ge + 023,55 £ 0.175 mess MeV/c?
m(Bs1) = 582840 + 0.0440 + 0.044 =+ 041« mass MeV/c?
m(B%,) = 5839.99 + 0.0540 + 0.1l =+ 0.175 mass MeV/c?

> Confirmation of the B_; state

» Most precise measurement of the B_,, B,,* and B* masses

> First observation of the B_,*>B™K- decay (Significance = 8.0)
\> First measurement of the B,,* natural width

N




FCOMPARISON WITH
THEORETICAL PREDICTIONS

Tpe, = 1.56 & 0.134tat & 0.47yst MeV A
B(B!, - B*TK™)
B(Bj, = BYK")

— (9.3 + 1.34t4t 1°28ySt)%

" J
4 Table 1: The strong decay widths of B, and B}, in units of MeV. )
Mode PLB706(2012)389 | PRD43(1991)1679 | PRD79(2009)074020 | PRD8&6(2012)054024 | PRD78(2008)014029
Bgy — B*K | 0.041£0.011 — 0.098 0.016 £ 0.002 04~1
BY — BK 1.55 £ 0.43 2.6 (1.9) 4.6 — 2
B, — B*K | 0.148 +0.084 0.07 (0.05) 0.4 — 0.12
\ B, 0.9+0.1 )
/|

[ B(B?, — B**K~)

= 0.070 = 0.
B(B%, > BTE) 0.070 = 0.005 ]Q




r THE B™ MASS MEASUREMENT
AND THE Z*S

» Observation of charged bottomonium-like 7, (10610)* and
Z,og10650)+ (Belle collaboration, PRL 108 (2012) 122001)
> BB* andB*B* molecules? (A. Bondar et al., PRD84 (2011) 054010)

o~ F ™~ L
%12000:- (@ %175005- ©)
= 10000F = 15000
o L o E
~ 8000F T 12500f
2 s 2 :
§ sooof _ § 10000 i
“ 4000} : S N
2000f '} J‘ 'h ' 5000
OI]H .L.[lﬂ l,r‘}‘ 2500 f
T o
104 105 106 107 104 105 106 107

M__ (x), GeVic® M. (n), GeV/c?

miss miss

Using the B*T mass measured in this analysis, we compute that the Z;,(10610)™
and Z;(10650) masses are 3.69 £ 2.05 MeV /c® and 3.68 & 1.71 MeV/c* above
the BB* and B*B* thresholds respectively
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SPIN-PARITY ASSIGNMENT TO B,,*

(>

Spin-parity combinations for a state decaying into two scalar (B*K')\

(natural spin-parity): 0%, 1-, 2%, 3-

» Spin-parity combinations for a state decaying into a vector and a
scalar (B™K): 0-,1%, 2%, 3*

\> Common combinations are 1- and 2*

Y
/ Possible JP=1- candidates \
Radial excitation of B.* Orbitally excitation L=2
H' = B,(23S;) m=6.019 GeV H' = B,(13Dy) m=6.127 GeV
H(nf@;) r £l Pz FI/(Q%)Q H(n't;) z= L Pz Frz/(gi)2
B(12S;) K 1 517 5.6 B(1:S) K 1 641 26.9
B(1zS;) K 1 462 4.9 B(125;) K 1 592 11.5
Bs(12S;) n 1 325 0.4 B,(125) =7 1 486 10.1
K B,(13S;) n 1 420 3.4 /

) i M. Di Pierro and E. Eichten
The measured branching ratio Phys.Rev.D64, 114004
and B_,” width favour J¥ = 2*
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OBSERVATION OF EXCITED A} BARYONS

[LHCB-PAPER-2012-012; PRL 109 (2012) 172003]
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THE bqq (9g=u,d,s) BARYONS

The heavy quark effective theories (HQET) treat a heavy baryon as
a system consisting of a static heavy quark @ (mg >> Agep)
surrounded by a diquark system comprised of the two light quarks

3 Bottom baryons (B =1) I(J')
@ AD 0(1/27)
' T 1(1/2%)
§§ - 1(3/2+)+
- =ps S 1/2(1/27)
3 {2, 0(1/27)
Credit: M. Pennington " The system of baryons containing a b

AIP Conf.Proc. 1432 (2012) 176-184 .
quark remains largely unexplored,

despite recent progress made at the
N experiments at the Tevatron
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ORBITALLY EXCITED (L=1) Ag BARYONS

\@ Should decay to AYm™

/ ® The ground state AD(J”
and L =0

® Orbital excitations with L = 1

® Excited A) states: two state with J” = 3 and 3

= 1/2%): bud, where the ud diquark JZ = ON

7~ or AYy (parity conservation) depending on ma&qj

2

Predictions for A" masses

Reference MIA:S(1/27)] MIAE (3/27)]

Capstick, Isgur 5012 5920
[PRD 34 2809 (1986)]

Baccouche, et al. 5920 (spin-averaged)
[hep-ph/0105148]

Garcilazo, et al. 5890 5890
[hep-ph/0703257]

Ebert, et al. 5030 5047
[arXiv:0705.2057]

Karliner, et al. 5020 + 2 5040 + 2
[arXiv:0804.1575]

Roberts, Pervin 5039 5041

[arXiv:0711.2492]

1=0 I=1 E

AL (3/2) E

Ay (112)) E

O,i (3/2%)3 -

zf;* (1/2%) 3

Y R -

\ A 3

x :

AD (172 :
blaa] eymm  PlAql,,

Most predictions are above AV (5900 MeV /c?)
but below Yy (around 5950 MeV /c?)

J




OBSERVATION OF EXCITED AP BARYONS %

d ® 1.0 fb~! pp data sample, /s = 7 TeV A
® A) = A7~ AT — pK~ 7" combined with
. a pair of pions from the primary vertex y




SELECTION OF A} BARYONS \

| N, =70540 330 |

& 1B000F T T T
= 16000
/> Good quality tracks and well \ E 14000
separated from any PV. S 12000
» PID for kaons and protons X 10000 ] ASsAMT
g 8000 ] A’SATK
: . : : Part-rec. bkg.
» Kinematic fit which constrains: 5 6000 % RT;JS; bkg,
> the A% to originate from the PV | & 4000]
O 2000F

N~
"0’0’0’0’0’0‘3"&0’0’0’00 AL 000000000000000000

5400 5500 /5600 5700 5800 5900
M(AIT) (MeV/c2)

K > NA.f mass to its PDG value /

Ao > At K- decays (not yet
reported in literature ) where
the kaon reconstructed under

the pion mass hypothesis




Candidates / (0.5 MeV/c?)

Candidates / (0.5 MeV/c?)

r

LHCD
- L)

SELECTION OF THE EXCITED Ag BARYONS m

1 JHee™ [ H

I“ flIlTi’ I =

] il s / :
[LIUPLIIINEP: ‘—i:: Iy e 3

LHCb 3

| ‘| ||||m .,, I_l i

5030 5940 5950
M (A)TT) (MeVic?)

5910 5926

.......

.

IH l.‘l ll

il

........

5930 5940 5950
M (ATET) (MeV/c?)

LHCb

~~~~~~~~~

5910 5920

/> The A%, candidates combined with )
two pions:
> pp > 150 MeV/c?
» No PID
» Kinematic fit with vertex and mass

\_ constraints on A% and A *

/

(>

Two peaks are evident with masses
around 5912 MeV/c? and 5920 MeV/c?
» No corresponding structures in the

same-sign pion combinations




Candidates / (0.5 MeV/c?)

Candidates / (0.5 MeV/c?)

r
FIiIT MODEL

LHCD
- L)

/ 0 =+ =+

Combined unbinned fit of AY7T 7~ and A)n*7

® A;0(5912) and A;Y(5920): sum of two
Gaussians with same mean (signal shape
fixed from the simulation)

® Background: quadratic polynomial function

o 5930 2000 5950 y
M (ATT) (MeVic?) _

20 L B e B A B R

25 LHCb NAZO(5912) =17.6 4.8 = 5.20

s " . H i

. } |I i
/ g I .
5 b it 1t ] } } The two new peaks are interpreted
l T i Lt 1T 29 | . ) 0
TR as the orbitally excited A states
00 5910 5920 5930 5940 5950

M (A t) (MeV/c?)




r
SYSTEMATICS TABLE

/"~ Source of Systematic bias, MeV/c? \
uncertainty AMAZO(5912) AMA?;O (5920)
A} mass 0.034 0.035
Signal PDF 0.021 0.011
Background PDF 0.002 0.002
Momentum scale 0.008 0.013

\ Total 0.041 0.039 /




Candidates / (0.5 MeV/c?)

I FIRST OBSERVATION OF
ORBITALLY-EXCITED b BARYONS (L>0)

Masses are only slightly above A7 7~ threshold
(Q = 12 and 20 MeV respectively) and below the Y97 threshold

4 N

M z0(5912) = 5911.97 £ 0.12¢a5 £ 0.025y56 & 0.66 0,105 MeV/c?
M50 (5920) = 5919.77 % 0.08tat £ 0.024yst &+ 0.66 50,055 MeV/c?
AM =0(5912) = 292.60 & 0.1251a¢ + 0.04¢ys; MeV/c?
QMA;O (5020) = 300.40 £ 0.084ta¢ & 0.045ys MeV/c? P

(Limits on natural widths (95% CL)

30F 3 | obtained by an alternative fit
.- LHCb E

® Signal PDF : 2 Gaussians Q) Breit-Wigner
FAZO(5912) < 0.83 MeV

A , 3 FA;;O(5920) < 0.75 MeV @
5930 5940 5950
M(AMTT) (MeV/c?) CDF confirms A,°(5920)

arXiv:1301.0949

20

\_

15E

10F

oo

|
5%00 5910 5920




Candidates / (2.5 MeV/c?)

S D B N ©

7" T MASS DISTRIBUTION FROM A;°(5920)

6T T T @nvariant mass of 771~ from \\

AF0(5920) — Admt ™

)

14F LHCb
12F . - ]
10F + Phase-space]

® Background subtracted by sWeights
technique

® The invariant mass of A27T+7T_ used
+ E as discriminant variable

: Tr* ® No peaking structures are evident

200 300 . .
M(w'r™) (MeV/c2) Q(]ons,lstent with phase-space decay
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MEASUREMENT OF THE A°, Q.- AND =,  BARYON
MASSES

[LHCB-PAPER-2012-048 in preparation]




INTRODUCTION \

—hb _Ibb ubb 5;;1)

4 Quark model predicts several b-baryon ) $2hb) s, 5
. y h < b »
ground states but only six have been RN CE e 5

(!\b lS) Uso

observed so far, and a complete and reliable
experimental mass spectrum would allow for
\_ precision tests of a variety of QCD models )

ﬁ% DO and CDF observed €, — J/¢¥Q~ but obtained different mass meﬂ
surement for €2,

® D0:  M(Qy) = 6165 £ 10444t £ 13555t MeV/c?  PRL101 (2008) 232002
® CDF: M (€, ) = 6054.4 & 6.85¢4: = 0.95ys¢ MeV /c? PRDS0 (2009) 072003
® Difference above 6o

® Theoretical predictions for ;" mass: 5.94-6.12 GeV /c?

® DO and CDF observed =, — J/YE™ and E, — E07~

® Good agreement between =,” mass measurements

k ® M(=Z;)=5791.1+2.2 MeV/c?




MASS MEASUREMENTS OF Ap , =, AND €2, %

/Mass measurements performed with the full 2011 data sample (1.0 fb_ly
® Ay — J/U(= ptpT)A(= prT)

=y, = J/P(= ptpT)ET (= A7)

®
\® Qp — J/o(— ptu ) (— AK™) Y,
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ngcb
MOMENTUM SCALE 1RcH

Precision mass measurements require the momenta of
the final state particles to be determined accurately

(Two-step momentum calibration procedure: )
1. Inclusive J/PY>u*tu- decays used to account for the changes in the
relative momentum scale between different data taking periods
2. The absolute scale derived from B* - J/\p K* decays (momentum
\_ scale determined as a function of the K* track kinematics) ,(
2 lve~ww e | | LHCH
> Residual bias evaluated with a ] Te i T Dreliminary
variety of decays S (e T B S B
> 1-& is the estimated momentum scale AL e
factor which shifts each state to its Y(2S) = wr .-
expected mass v Bl
» Systematic uncertainty on the Eé e 8 . .
calibrated momentum scale : 0.03% T L e i PR

1
o [107]



I LHCD

SELECTION 1RGH

ﬁ The topology of decays characterized by the long-li@
particles in the decay chain

> 90% of the decays are not fully contained in the vertex
detector. Tracks that have no hits in the vertex
detector also considered

» PID requirement for the proton and the kaon

» Masses of intermediated state (J/P , A, Q-, =)
constrained

» Decay time >0.25 ps

QVerteX X2/ndf /




Candidates /

() Ay = Ty A

LHCb
Preliminary

%OOI = I5550I — I5600I = I5650I = I5700I — I5750
MJ/p A) [MeV/c?]

{ N(A%) = 6870 + 110 candidates ]

/

\_

Unbinned maximum
likelihood fit
» Double Gaussian

> Free mean and widths

» Exponential background

~

J




r -
=, FIT

L F (E —-IypE

¢ 505_ Preliminary ' N
oEo 40 = Unbinned maximum

= 5 likelihood fit

£t > Single Gaussian

g 20F » Free mean and width
§ - » Exponential background

t

9600I I I5700I I

\_ J

>
§

“S800 '5990 6000
MU E) [MeV/c?]

{ N(=}) =111 + 12 candidates ]




I

24
22
20
18
16
14
12
10
8
6
4
2

Candidates / ( 20 MeV/c?

Skoo

(), FIT

-

N ﬂui L4

©)Q —= Iy Q ”

|

Lol 1+

il L

LHCb
Preliminary

5900 6000 6100

6200

6300

M Q) [MeV/c?]

[

N(Q2+)=19.1 £ 4.8 candidates J

Signal significance = 6.20°

» Single Gaussian
» Free mean
» Width fixed to:

oMC  gPata
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/ Unbinned maximum \
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—b

Q Exponential background/
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SYSTEMATICS TABLE

/Source Ag = Qp | By —Ag Q;—Ag\
Momentum scale 0.43 | 0.43 | 0.31 0.01 0.12
dFE /dx correction | 0.09 | 0.09 | 0.09 0.01 0.01
Hyperon mass 0.01 | 0.07 | 0.25 0.07 0.25
Signal model 0.07 | 0.01 | 0.24 0.07 0.25
Background model | 0.01 | 0.01 | 0.02 0.01 0.02

\Total 0.45 | 0.45 | 0.47 0.10 0.37/




LHC
FIT RESULTS

Most precise mass measurements of A%, =,-, Q,- to date

(M (AD) = 5619.53 £ 0.13440¢ = 0.45,5; MeV/c?) &,
Q).
M(E;) = 5795.8 % 09,001 % 0.4,y MeV /2 %,
%
(M () = 6046.0 £ 2.2,40¢ + 0.55y5s MeV/c? e,

Mass differences wrt the measured A,° are reported as well.
The dominant systematic uncertainty partially cancels out

D
) — M(AY) = 176.2 % 09,401 & 0.15,5¢ MeV/c? "@%

b
M(Q;) — M(AD) = 426.4 £ 22,04 + 0.4,5 MeV/?| %

‘vd'

(> Al and =, results are in good A

agreement with world average @
» The (), 1s in agreement with CDF
\_but in disagreement with DO )




rMEASUREMENTS OF THE A} — AJ/1) DECAY
AMPLITUDES AND THE Ag BARYON PRODUCTION
POLARISATION IN pp COLLISIONS AT V § =7 TEV

[LHCB-PAPER-2012-057 in preparation]
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0 LHCD
A} POLARISATION

| HCD

/> Longitudinal polarisation vanishes due to parity conservation of strong\
Interactions
Py =(d-Pag) =0 Py =P, =(0-pro X pp) # 0
» Transverse polarisation predicted to be as large as 20% PLB 614 (2005) 165)
» Sufficient polarisation would allow to measure the photon helicity in
\/\Obé/\y = Search for New Physics . Phys. G 24 (1998) 979, PLB 645 (2007) 204) /

g 0.1 7 - Phys Rev.B638(2006) 415-421
but... '43
Noop
5
» Polarisation of A depends strongly on S0
xp = 2p;/ Vs and vanishes for x;~0 <
» xp(N0)~0.02 at LHC - small value? 02
T T e = NI
No polarisation measurement for A% y f -

produced at hadron colliders so far 7704 02 0 02 04 06



I LHCD

THE A® — A(— pr)J /(= utu~ ) DECAY K

ﬁ\"b) =J(A\) + J(J/P) 1.e. Y2 = % +1 spin decay \

» 6 possible combinations but only 4 can return
A=A -A, == %
» Four amplitudes in the helicity basis

A=+1/2 A=—1/2
M_|_%7 M—%,—l M—%,O M+%,_|_1
K\ w ,/’ /1

Parity T

» The decay asymmetry parameter o, is well-measured

» Contains enough angular correlation to measure the
polarization and the relative magnitudes of the amplitudes
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LHC
DEFINITIONS OF THE ANGLES \

The angular distribution depends on P,, &,
the 4 helicity amplitudes and 5 angles

4 )

0 : polar angle of pp wrt n = ﬁAg X Dpeam i the Ag rest-frame

01, ¢:1 : polar and azimuthal angle of p, wrt p’ A0 In the A rest-frame

02, @2 : polar and azimuthal angle of p,,+ wrt p A0 In the J/v rest-frame

- M
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ANGULAR DISTRIBUTIONS

Integration over the two ¢ angles

1=0

7
[wg(cose cos 61, cosby) = Z |M_|_ 0|2 | M _ 1 0|2 |M__ _1|2 |M+ +1| )9 (Py, ap) hi(COS Q,COS 91,COS 82)]

R. Lednicky, Sov. J. Nucl. Phys. 43 (1986) 817

i filaw,m0,71)  9i(Py,ap)  hi(cos@,cosby,cosbs)
0 1 1 1
No more 1 P, cos 0

interference terms 2 U — oy - cos 0,
3 2rog—1 Pyoa cos 0 cos 04
4 11 -3ry) 1 (3 cos? 0y — 1)
5 %(Ozb —3r1) B ?(3 cos? 0y — 1) cos @
6 —i(ap+71) ap 2(3cos? 0y — 1) cos by
7 —%(1 +710)  Pyan %(30082 05 — 1) cos ) cos 0,

é Amplitudes can be parametrised with: \
Qp = \M+§,0|2 - |/\/l—%,0|2 + |/\/l—%,—1|2 - |/\/l+%,+1|2
= P-violating asymmetry of the A} — AJ/1 decay

P,, o, ry, r; are the fit

parameters of the analysis
= [M1 ol* + IM_1 o[ /
?“0 _ +%;O _%30

\_ TL = |M+%,o|2 - |M_%,0|2 )




[ LH
Ay — AJ /1y SIGNALS

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

® OUT: slightly worse mass resolution and background level

® A boosted decision tree retains 90% of signal and removes
\_ (80%-90%) of background Y,

[aV] - Y] —
© 450§ o

= 200 F = 160

() E [} L

S 350F = 140

QS 300 F o 120

(o) 3 T} C o

~ 250 ~ 100 Fit model

é 200 % 80 Signal: Crystal Ball

T 190F T OOF Bkg: 15t order polynomial
o 100 f T 40

g 50 e A : % 20 o

JE. o b /.
O 550 O 550

5600 5650 5700 5600 5650 5700
M(JApA) [MeV/c?] M(JApA) [MeV/c?]

[OUT: 5346 + 96 signal candidates ] [IN: 1861 + 49 signal candidates ]

sWeights technique to subtract the @
background in the angular distribution
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ACCEPTANCE

/ ® Detector and selection create large acceptance effects \

® Simulated events generated with flat angular distributions
and passed through the data selection

® Differences for cos 0; between IN and OUT observed

® Acceptance modelled with a sum of products of Legendre polynomials

\ facc = Z CijkLi(COSQ)Lj(COSQl)Lk(COSQQ) /

i,5,k
00 6000 F T B [e0) T E oo} 3 T T T
; 3 LHCb O 4000 LHCb{ 2as00k LHCb 3
S 5000 O 3500 1 2000 NN
~ F ~ ~ F
3 & d000F" 1 Bosof - E
= 2500 F 3 2 :
© © 3 E
B 2000 F i g
Ol l I 2 1500 4 g1s00p E
8 .. S 1000 F .. oo .. E
1000 Preliminary E 500 Preliminary 3 500 f Preliminary 3
0f 05 0 05 0. 05 0 05 i 0f K 0 05
cos0 cos6, cos 6,
3 r 3 1600 T T ® T
8 1282 LHCb 8 1400 f . LHCb j 8 1000 LHCb 4
b L 1 P + +.
& 1200F L ] PrehmlnaryE % S0F 7 ot
% 1000 F E % 1000 % 600 b
: 800 .
D l < 800f 1 o° :
I T e00f i T seof T a00f .
© E E S 400 F © [
400 F ..
O : .. O O 200 Preliminar r
200 Preliminary E 200F E y
0 1 1 1 0 1 1 1 3 0 1 1 1
. 05 0 05 . 05 0 05 . 05 0 05
cos6 cos6, cos6,

[@ Weights (w = 1/ f4cc) obtained to correct the data ]
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FIT OF THE DATA

LHCD
- L)

(® Simultaneous (OUT + IN) unbinned weighted likelihood fit

® Weights subtract the background and correct for the acceptance
= only the signal PDF in the final fit

\
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SYSTEMATICS TABLE

LHCD
- L)

ﬂ)urce P, Qap 70 7“1\

Background subtraction 0.001 0.006 0.001 0.005
Signal mass PDF negl.
Acceptance 0.02 0.04 0.006 0.03
Simulated data calibration 0.01 0.04 0.006 0.03
QA 0.002 negl. negl. 0.01
Fit bias 0.004 0.04 0.001 0.02
Angular resolution 0.002 0.01  negl. 0.005
Integration over ¢1 and ¢- negl.

\ Total (quadratic sum) 0.02  0.07  0.009

N—

o.oy
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FIT RESULTS

First measurements of the A% polarisation P, (in pp
collisions) and P-violation asymmetry parameter o,

(Py= 0.05+0.07,000 = 0.0255t) &

¢
Q
oy = —0.04 £ 017 g1ar £0.07syst | %,
,.
o)

Method Value Reference
Factorization —0.1 PRD56 (1997) 2799
Factorization —0.18 PRD58 (1998) 014016
Covariant oscillator quark model —0.208 Prog. Theor. Phys. 101 (1999) 959
Perturbative QCD —0.17 to —0.14 PRD65 (2002) 074030
Factorization (HQET) 0.777 and 0.490 PLB614 (2005) 165 and LHCb-2008-005
Light front quark model —0.204 PRD80 (2009) 094016

" ® Polarisation P, in agreement with extrapolation from A and in disagree-
ment at 2.70 with prediction of 20%

® «p in agreement with most predictions (-0.2 to -0.1); in disagreement with
. 0.78 and 0.49 at 6.10 and 3.90
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CONCLUSION

High precision measurements are most useful to test the
reliability of several models and techniques into predicting
the mass spectrum and the properties of the hadrons

ﬁoserva‘cion of new excited states or decay modes: \
® B;k2 N B*T K~ [LHCB-PAPER-2012-030; arXiv:1211.5994]

® AY*(5912)/A2*(5920) — Adntn— [LHCB-PAPER-2012-012; PRL 109 (2012) 172003]

® Most precise measurements of masses:

m(B**) = 5324.26 £ 0.30540¢ & 0.235y5¢ & 0.175 mass MeV/c?

m(Bs1) = 5828.40 & 0.04414¢ &+ 0.045yst + 0.41 prass MeV /c?

m(BZy) = 5839.99 & 0.05¢a¢ & 0.115yst £ 0.175 mass MeV/c?

m(AY) = 5619.53 & 0.13514¢ & 0.45,5 MeV/c?

m(Z; ) = 5795.8 & 0.95¢4¢ &+ 0.45yst MeV/c?  [LHCB-PAPER-2012-048 in preparation]
m(Qy ) = 6046.0 £ 2.2544¢ £ 0.55,5 MeV/c?

® Measurement of polarisation:

0. —
® Az o= 0.05+0.0750; +0.025y [LHCB-PAPER-2012-057 in preparation]
ap — —0.04 £ 0'17stat SE O-O7syst

Preliminary
l/ /\§
/ ®» ® ® ® ® @

» The results presented in this talk used only 1/3 of the integrate@
luminosity recorded by the LHCb experiment
> You will surely hear more new results in the near future!




NEXT EPISODE TRAILER \

[ Observation of B,%*and B,"* ] LHCb-CONF-2011-053

c I " " y -1 N ol A L L I 1
100 200 300 400 500

[ Measurements of A% production ] LHCb-CONF-2012-031

o(pp — AL X)B(A) — J/YA) = 4.08 & 0.59444¢ + 0.36,,5; nb
o(pp — AL X)B(A) — J/YA) = 2.60 & 0.46,414; + 0.26,,5; nb




