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/

AY baryon

(| /\Ob is the lightest b-baryon

1 m ~ 5620 MeV

[ Beyond the reach of B-factories

1 Was less studied
[ Lifetime
0 Polarization g
) Decay properties

U Included in this talk:

0 Mass and lifetime measurement [Phys. Rev. D 87 (2013) 032002]

0 A) — J/pA° decay asymmetry parameter and helicity amplitude measurement [Phys.
Rev. D 89 (2014) 092009]

1) Observation of A — 1)(2S5)A° decay and (A2 — ¥(25)A%)/T(A) — J/A°)
measurement [arXiv:1507.08202 [hep-ex], submitted to Phys. Lett. B.]
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ATLAS detector

25m

; LAr hadronic end-cap and
forward calorimeters
Pixel detector

Toroid magnets LAr eleciromagnetic calorimeters

Muon chambers Solenoid magnet
Semiconductor tracker

Transition radiation fracker
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Introduction

Lifetime measurement

J/1 and A candidates

 J/4 candidates
U Two combined muons, |n| < 2.5
U Sufficient Inner Detector hits
O In J/v or ¥(2S) mass window

2 L ATLAS ]
© 500000 | _ ;oo - -
- -

@ F {s=7Tev e ]
2 r ]
*(640000j - hd -3
k] L ]
T L ]
830000; - 7:
20000~ - -
L - hd 4
C - - ]
10000~ - - —
C - *e. ]
""‘\".H‘\HH\HH\H"OMS

2%00 2900 3000 3100 3200 3300 3400
my, (MeV)
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2 A candidates
1 Two good ID tracks, pt > 400 MeV
O pr~ and prt combination, in A°

mass window
3

> 160F T T T T T T T T T T
2 F ATLAS ]
o 140 . =
[ F L=77pb P!
@ 120 Vs=7Tev -~
» E - H
& 100F -~ 4
° = 5 B

r - ]
2 8o~ coaes® 3
O L - ]
60— o .
r - ]
C - i
40F R 1
20} .,0’.. {
7o |
A N IR SRS I R B
1%80 1090 1100 1110 1120 1130 1140 1150
my,. (MeV)
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AY reconstruction

- o Ju*
a /\% fit A'
J mye - and myr— (Mg ) fixed to J/1 and A% mass values A}

) Dihadron vertex point to dimuon vertex p T P

Q X2/Ndof <3

1 Also fitted to B — J/¢(u = )KQ(nT7~) hypothesis for BY background
rejection cuts

U In lifetime measurement 450E Amias

> E E
— . = ? o A candidates E
) Refitted A° = 4005 g $ © A candidates 3
0 pr > 3.5 GeV 8 350E fe=rey + 0 E
0 Ly > 10 mm g o008 4074 Ay, 4
§ =0 ¥ 4081A0 1
:l PA?, - 7)32 > 005 200? ¢ +$ 7;
150F- +4. + <
+Hi+ E
100? iﬁ gmm 457
505 E
05400 5800 5600 5700 5800 5900
M,,, 0 (MeV)
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AY lifetime measurement

) Proper decay time

nymPDG

) Mass-lifetime unbinned likelihood fit

N
L= H[@ing(m;|5mi)7§(Ti|5Ti)Ws(5mi, 0ri) + (1 — fig) Mo (m;|6mi) To(7i1071) Wb (Smis 071)]
i1

J Mass
U M;(m;|dmi): Gaussian
0 My (mj|dmi): 1st order polynomial
) Proper decay time
0 7s(7i|6+i): exponential with efficiency correction
a 7?,(7’,"(57—,‘):
— prompt: Dirac delta + symmetric exponential
— non-prompt: two exponential
3 Web(dmi, 6-7) is the PDF for §,,; and d.;, from data and same for signal and
background

Dongliang Zhang [UM] Hadron2015
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reconstruction

Helicity study /\?} — P (2S)A°

A mass and lifetime

800
700
600
500
400
300
200
100

Candidates / 17 MeV

ATLAS

(s=7TeVv
L=49fb"

e Data
— Fitted model
---- Signal

Background

+

S, =1.18+0.03
6, =31.1£0.8 MeV
Nyq = 2184+ 57
Ny = 5970+ 160

AN,y = 1.09

M

my, = 5619.7 + 0.7 MeV

o
o
S
o
o

PTRPRR O L ‘.“\"'r--
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PR R RO T S S s |
5800 5900

My po (MeV)

[}

o

©

<

o

> 3
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e}

©

=

3
102
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Summary

Phys. Rev. D 87 (2013) 032002

T, = 1.449+0.036 ps |

ATLAS

(s=7Tev
L=49fb"

S, =1.05+0.02
U(
x2/Nyo; = 1.09

* Data
— Fitted model
Signal
Background

=0.117 £0.003 ps

bl

mpo = 5619.7 + 0.7(stat) £ 1.1(syst) MeV
Tao = 1.449 + 0.036(stat) £ 0.017(syst) ps

() Consistent with results from other experiments and theoretical predictions

a
=)
5 -
R

) Main systematic uncertainty from muon trigger efficiency and A° reconstruction
bias
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/\g — 1_:(25)/\0 Summary

A = J /(" ™ )A(pr-) decay

1 Asymmetric decay

dN 1

dcosf 2

U In subsequent decay:
U 4 helicity combination

=—(1+ P-apcosh)

Amplitude A A
ay = |ayle’r  1/2 0
a_ =la_|ev- -1/2 0
b+: |b+|eip+ -1/2 -1
b_ =|b_ler~- 1/2 1

O Full PDF of Q = (cos 0, ¢, cos 01, ¢1, cos Oz, ¢2):

1 19

Y= Gy

i=0

D Ai(A)hi(P, an)Fi(Q)

0 7 free parameters: P, 6 helicity parameters in A

Dongliang Zhang [UM]
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A helicity frame

N '/P'/roductlon plane

J/p helicity frame
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Introduction /\2 reconstruction  Lifetime measurement /\?} — 1_‘(25)/\0 Summary

Parametrization

) For ap, measurement, using P = 0, reduced to 6 terms (i = 0,2,4,6,18, and 19)

) Parameters A
O ap=lay* —|a_|? +|by[* = [b_|?
Q k+ — la|

v lar P+ by 2
Q k=2l
Vla=2+|b-|?

d AL =wp —py
d A =w_—p_

i fi Fi

0 1 1

2 (K24 K2 —1)+op(k2 — k%) cos 61

4 1[(3KZ —3kZ — 1)+ 3ap(1 — k2 — K2)] 0.5(3cos? 62 — 1)

6 —I[(k24+K2 —1)+ a3+ k2 —k2)] 0.5(3 cos? 62 — 1) cos 61

18 %[1_#, /k? (1 — k%) cos(—A_) — H%q /k2(1 — k2)cos(Ay)]  sin6ysin 6> cosb; cos(¢1 + ¢2)

19 —%[1_—2‘)’” k2 (1 — k?)sin(—A_) — H%w/kf_(l — k2)sin(Ay)]  sinfysin6s cos b sin(¢1 + b2)

Dongliang Zhang [UM] Hadron2015 14/09/2015
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Method of moments

() Least square fit

X _ Z Z expected <F>)VU (<Fj>expected _ <FJ>)

{1 (Fj) measured from data
L Vjj is the covariance matrix

O (F;)expected depends on the parameters A

-

<Fl_>expected( ):/F’(Q/)/T(Q/,Q)W(A:Q)deQ/

/ fi(A)fj(an) Fi(Q) T(, Q) F(Q) ddQ

= Zﬂj A)hj(an)Cj
j

) The effects of detector are in Cj;

O T(Q,Q) is the resolution and efficiency function

Dongliang Zhang [UM] Hadron2015 14/09/2015



Introduction /\2 reconstruction  Lifetime measurement /\g — 1_:(25)/\0 Summary
Efficiency correction from MC
1 / /! /
Cj= Fi(Q)F(Q) T(X, Q) ddQ
i (4 i J )
ch
/
ch Z F Q (Q )

- 01 —— ———— - 0 —— T
o r B o = B
= HAE ATLAS b = r ATLAS b
S i ; ; ] S r ; i ]
5 0.08— gy Simulation = g 0.08~ - Simulation .
T L #ﬂ- 4 e L -+ Fatat iy 4
0.06 -.-_._"'-o--O--o-_,_-w-,@, — 0.06} o _X_'D'{" -
i B ] e Tretteatee L
L o e - F e -D- A
0.041~ = e — 0.04 4~ -
C - o - = .
[ —e— Flat PDF h i L —e— Flat PDF ]
0.021 %=1 T 0.021- - o,=1 O
- !Xb=0.3 ﬂ'_@: r — (xb=0.3 q
[ & ap=-1 ] Eug - o,=-1 ey

0 S S R oL 1 T N E
-1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1
cos#, cosb,
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Event selection & Background
§3°°:‘Am5”“‘“
) 2011 7 TeV data S 250r 5=7TeV, | Lat=461" E
. @ F A2+A4; L Prdmadel
2 A selection 2o T A = Sgna ™
. 4 r _ 50 R - BS bkg
) Exclude tracks from primary vertex = . Z;;;‘gigé" - Comb. bk
[ Nogmp, = 1090 £ 80 I E
d 7>0.35ps F Probie) =089 P
3 Loose BY veto: 73,\0 > Ppgo 100F ) -
2 5560 < m < 5680 MeV 505 Left SB i\ Right SB
) Combinatorial background OMM'_______E}MW
O Estimated from sidebands (SB) 5400 5500 5600 5700 5800 5900
. m o [MeV]
U Peaking background A
— 200
0 BY — /(K () 5 " aiis
) Yield from the mass fit § gl STV s sesmpmey

2 (F;) from Mont Carlo

Parameter  [5340,5900] MeV  [5560, 5680] MeV

Niig 1400 + 50 1240 4+ 40

Ncomb 1090 + 80 234 + 16

Ngg 210+ 90 73 +30
Dongliang Zhang [UM] Hadron2015

100~

50

ST
+

—6— [5400, 5520] MeV |
—a— [5720, 5840] MeV |

+
" * + E
k- o~ s
F b ot i*EXXa&XwXW
-1 —0‘.5 6 015 1
cos F.
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/\2 reconstruction  Lifetime measurement

Ap — p(25)A°

Results

Fit results
ap= 0.30 £ 0.16(stat) £ 0.06(syst)

ki = 0.21791%(stat) & 0.13(syst)
k_ =0.137339(stat) + 0.15(syst)

corresponding to

|A( 1/2, 0)| =0.17"%13 £ 0.09
|A(~1/2,-1)| = 0.597%% + 0.03
|A(~1/2, 0)| =0.79"%% +0.02
IA( 1/2, 1)| =0.087%:13 4 0.06
Main systematic uncertainties
0 MC statistics
U Background shape modeling

Summary
Phys. Rev. D 89 (2014) 092009
Parameter «p kit k_
ap 1 0.41 —-0.19
ky 1 0.20
k_ 1
® )
3 k. ATLAS — B
g 60A ; A+ Ay E
& o s=7TeV, | Ldt=461b w030
E X2, (0p%)=3.15 7
40F E
E pQCD: —(0.14 ~ 0.17) E
30 —
E HQET: 0.78
20 —
E30_ _ _ ___ B
mijgo' 77777777777777777 f:
i L
0 05

o
o
o
o by

LHCb 0.05 £ 0.17 £ 0.07

U Between two theory predictions
[ Consistent with LHCb results

Ref: LHCb [Phys. Lett. B 724 (2013) 27]; pQCD [Phys. Rev. D 65 (2002) 074030]; HEQT [Phys. Lett. B 614 (2005) 165173];

Dongliang Zhang [UM]
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reconstruction  Lifetime measurement Helicity study

Summary

N) — (2S)A° selection
O Fiducial range

2 pr(A%) > 10 GeV,
3 pr(pt) > 4 GeV, [n(u*)] < 2.3
O pr(A%) > 2.5 GeV

) Other selectionc cuts

0O pr(7~) > 0.45 GeV
O 7> 0.35 ps, P(A2) > P(BY)
N — J /N

n(A2)| < 2.1 (Kinematic range)

BY — J/1K?

- —e— e e A e
S 1400~ ATLAS ) o Data e 2 500f ATLAS ; o Data E
o [ Vs=8TeV, 2067 — Fitedmodel ] o [ Vs=8TeV,206fb’ Fitted model 1
~ 1200; Ap + Ay 21 P A signal B ~ 400/~ Ng=854+84 [ B signal ]
2 F Ngg=6940+130  [7i] g B reflect 1 = B AQ reflecti ]
ﬂ>’ 1000 sig i H retlection . g r p retlection ]
i} ; ] | C 7
800 4 300p by 1
600 = 200 t
400 = B .
- ] 100 T e -
200~ J F g
Eo L ‘ ] oo™ ]
0™5300 5500 5600 5700 5800 5900 0 5100 5200 5300 5400 5500
MWy A°R)) [MeV] m(Jhy Kg) [MeV]
Dongliang Zhang [UM] Hadron2015
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N) — (2S)A° selection

150 60

—

N) — (2S)A\° BY — ¢(25)K?
>3007“\HH\HH\HH\HH\“‘ > I B L R
g T aras « Data S [ amas 1 . Data 1
2 o5l — Fitted model v 100[- Vs=8TeV, 20.6 fb" Fitted model |
@ Foo®Be 0 e A} signal 3 [ Nyg=124+28 B &°signal ]
§ 200 [ &° reflection € g 4l - Alreflection ]
& r @ n ]

——
L1

100 40

50 20

’ o ! . L1
5400 5500 5600 5700 5800 51 00 5200 5300 5400 5500
m(y(2S) A°(R")) [MeV] m(y(2S) Kg) [MeV]

Lod il e

) Simultaneous /\?7 and 82 mass fit

2 Signal: modified Gaussian p(x) = exp[—0.5 - x} T/ (405 ' — |(m — myg) /0|
0 BY and A9 reflection using MC templates
) Non-resonant background: exponential functions

Dongliang Zhang [UM] Hadron2015 14/09/2015
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> 2500 T T T T T T T T T T T T > A A R B R B BN B S

2 r ATLAS } « Data ] S 1gof ATLAS . o Data 3

S [ l5=8TeV,206f Ftedmodel 1 o o F (5=8TeV,2061b Fited model 1

N 2000F A%+ R° ) 4 N 160F A0 L R° ) -

> L Ap+hy B J/v signal 1 > E Aoty B v(2S)signal 3

g L Nsig =9770+120 ... Background ] 'UE)' 140; Nsig =724+45 Background

@ 15000 4 @ 120 E

L ] 100;7 7;

1000 S e :

i 1 60F E

500 4 40 =

F ] F 3

] E - Y

2900 2800 2900 3000 3100 3200 3300 3400 00 3500 3600 3700 3800 3900 4000 4100 420

m(u) [MeV] m(uw) [MeV]

> L L B B B > S B B

2 25001 ATLAS 3 . Daa 4 & L oanas ; « Data ]

~ [ (s-8Tev.2061 —Fitedmodel | & 250 /S=8TeV, 20610 — Fitted model ]

2 o000l oIV A [ A° signal 4 2 F A= y(2S)A [ A° signal E

5] [ Ng=7710£120 @ ... Background | 3 oooF Nsg=702%38 W ... Background ]|

> N i > L 4

m r ] o r ]

1500— - L ]

C ] 150— -

1000; *: 100} {

500 . 501~ 3
?060 1080 1100 1120 1140 1160 1180 ?060 1080 1100 1120 1140 1160 1180

m(pr) [MeV] m(pr) [MeV]
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Branching ratio

U Yields from fits

AY — J/YA0 | BO = J/pKO | A9 = p(28)A° | BO — h(29) K0
Neig 6940 + 130 854 + 84 603 + 38 124 + 28
Mg [MeV] | 56204404 | 52747423 | 5618.2+1.2 52724+ 4.9
osig MeV] | 19.7£0.5 19.2 +2.2 14.3+1.1 16.7+4.1

J Acceptance correction Neor = Neig/ A
1 Efficiency (Aefr) and acceptance (Ayin) in fiducial range

pr(AY) > 10 GeV, [n(A))| < 2.1 Channel Aesr [%] Avin [%]
N N AN) — J/YpN° | 416 £0.02 | 7.57 £0.06
pr(p™) > 4 GeV, [n(u™)| < 2.3 A9 — (2S)A° | 4.3040.03 | 9.61 +0.07

pr(A°%) > 2.5 GeV

Dongliang Zhang [UM] Hadron2015 14/09/2015
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Branching ratio

arXiv:1507.08202 [hep-ex]

In kinematic range pr(A?) > 10 GeV, |n(A9)| < 2.1:

F(AR = D(2S)A°) _ Neor(A] = 9(utu™)A%)  B(J/p — £7L7)
F(A) = J/9A0)  Neor(A = J/(utpm)A0)  B(1(2S) — £+E7)
= 0.501 = 0.033(stat) =+ 0.016(syst) + 0.011(B)

2 B(J/v — ptu~) = 0.05961 + 0.00033 [PDG]
2 B((2S) = utu~) = B(¥(2S) — ete™) = 0.00789 + 0.00017 [PDG]
) Systematic uncertainties

2 Signal extraction fits (2.8%)
O MC statistics (1.3%)
2 AY polarization model (1.1%)

1 In the range 0.5-0.8 for B meson decays; smaller than calculation 0.8 = 0.1 [Phys.
Rev. D 88 (2013) 114018]
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Summary

U Studying /\2 production and decay using ATLAS data
U Lifetime measurement
mpo = 5619.7 & 0.7(stat) & 1.1(syst) MeV
Tao = 1.449 + 0.036(stat) & 0.017(syst) ps
U ap measurement
ap = 0.30 £ 0.16(stat) = 0.06(syst)
lay| = 0.171913(stat) £ 0.09(syst)
la_| = 0.5970 9% (stat) & 0.03(syst)
by | = 0.79799% (stat) 4 0.02(syst)
|b_| = 0.087%-13(stat) -+ 0.06(syst)
) Observation of A9 — (25)A° and the measured branching ratio

M(Ap = ¥(25)A°%)
(A = J/$A9)

= 0.501 + 0.033(stat) + 0.016(syst) = 0.011(3)

Dongliang Zhang [UM] Hadron2015
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Backup: Efficiency correction

Efficiency
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Backup: BY lifetime measurement

Candidates / 13 MeV
w
o
o
o

ATLAS

Vs=7TeV
L=49fb"

e Data
— Fitted model
===+ Signal
Background

Mg, =5279.6%0.2 MeV
S, =1.11£0.01

6, =27.8+0.2MeV
Ngg = 17530+ 110
Nigg = 10069 % 65

eIy = 1.03

Dongliang Zhang [UM]

ST AT
5906 5780 520

\"\\\‘\\\\‘\\\\. PSS SRR SRR
0 5250 5300 5350 5400 5450 5500
M, . (MeV)

Jhy Ky

10*

10°

Candidates / 0.46 ps

10?

Hadron2015

T
E ATLAS T, =1509+0.012ps
[ Vs=7TeV S, =1.06+0.02 ]
-1
r L=491f 6, =0.107£0.003ps |
E X2/ Nyo; = 1.03 El
E e Data E
L — Fitted model il
---- Signal

E Background E
Y T TSI - T
-2 0 2 4 6 8 10 12

T (ps)

14/09/2015



Backup 21/18
Backup: full PDF

fi: £ F.

a,al —a_a* +b, b} —b_b* P cos 0

a,ai +a_a* —b, b} —b_b* Py, cos 6 cos 6,

—a,aj +a_a" +5b by —35b_b* P 1 (3cos? 0, — 1) cosd

7 —a,al —a_a* —35b, b} —35b_b* Pa, 5(3c05292—1) cos 0 cos 6,

8 —3Re(a, a*) Pa, sin @ sin 0, sin” 6, cos ¢,

9 3Im(a, a* ) Pa, sin 0 sin 0, sin? 6, sin ¢,

10 —%Re(b_ bt) Pa, sin 0 sin 0, sin 0, cos(¢; + 2 ¢,)
11 3Im(b_b%) P o, sin 0 sin 0 sin? 6, sin(¢, + 2 ¢,)
12 —izRe(b_aj_ +a_b}) Pa, sinf cos 6, sin6, cosf, cos ¢,

13 7§Im(b_aj_ +a_b}) Pa, sin§ cos 6 sin@, cosb, sin ¢,

14 —?ERe(b_a*_ +a,b}) Pa, cosf sinf; sinf, cosf, cos(d; + ¢,)
15 7§Im(b_ai +a,b}) Pa, cosf sinf, sinf, cosf, sin(d; + ¢,)
16 \%Re(a_ by — b_at) P sinf sin @, cosé, cos ¢,

17 —=Im(a_b% — b_a%) P sin 0 sin 0, cos 6, sin ¢,

|

Dongliang Zhang [UM] Hadron2015 14/09/2015



L MC weighted using the fit results

Events /0.1

Events / 0.04
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Sidebands compariso

400

S [ ATLAS T I Fatas™ 77 7 7 7T T T T T
2 r \E=7TeV,JLdt=4.6fb" 1 g 800 \@=7Tev,_[Ldt=4.6fb" b
s 300} —e— [5560, 5680] MeV ] g [ —e— [5560, 5680] MeV |
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) Other angular variables
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Backup:
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