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Introduction

Introduction

° /\0,J is the lightest b-baryon
e m ~ 5620 MeV
o Beyond the reach of B-factories
@ A puzzle before LHC
o Measurements of 7p0 /70 1
e DO: 0.864 £ 0.052(stat) £ 0.033(syst)
o CDF: 1.020 + 0.030(stat) & 0.008(syst)
e Theory predictions 2
e HQE: 0.88 ~ 0.97 ) )
o NLO QCD: (0.86 ~ 0.88) £0.05 0 d

@ Decay asymmetry parameter «, b W”/\i
o Predictions 3 .
e pQCD and factorization: —(0.1 ~ 0.2) .

e HQET: 0.78
o LHCb*: 0.05 £ 0.17(stat) 4- 0.07(syst)

Phys. Rev. D 85 (2012) 112003; Phys. Rev. Lett. 106 (2011) 121804 [updated in Phys. Rev. D 89 (2014) 072014]

See references of Phys. Rev. D 87 (2013) 032002
See references of Phys. Rev. D 89 (2014) 092009
Phys. Lett. B 724, 27 (2013)
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ATLAS experiment

ATLAS detector

25m

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

Toroid magnets LAr electromagnetic calorimeters

Muon chambers Solenoid magnet | Transition radiation tracker

Semiconductor fracker
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ATLAS experiment

Event selection

@ 2011 7 TeV data, J/+ dimuon triggers, 5 fb? P\/ﬁ_
e J/v preselection

0 2.8 < my, <3.4GeV Kyl
. I/
@ A preselection 79 .
e Track pr > 400 MeV > e =
o 1.08 < mpy < 1.15 GeV
o 1t T
o J/1 and A masses fixed to g :22: Ly i o R candidates :
PPG values . 5 o0k + 3
e Dihadron vertex point to 2 500 ¥ 3
dimuon vertex © 2005 $ 1 4
2 E ]
o X/Ndf<3 150F- g + E
o Refitted A: pr > 3.5 GeV, o ¥ Fortley i
Ly > 10 mm T
° Veto Bg 7)/\0 _ PBU > 005 05400 5500 5600 5700 5800 5900
b d M MeV)

Iy A° (
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/\g lifetime measurement

N) lifetime measurement

@ Proper decay time
PDG

Lyym
PT
@ Mass-lifetime unbinned likelihood fit
N
L= [ [l Ms(mil0mi) Te(7i107i) Ws (Omis 1)+ (1—Faig ) M (M| 6mi ) T (71071) W (Smi, 671)]
i=1

o Mass
o My(mj|dmi): Gaussian
® My(mj|dmi): 1st order polynomial
o Proper decay time
o T(7i|d-i): exponential with efficiency correction
(] 71,(7’,‘|(5-,—,‘)2
— prompt: Dirac delta + symmetric exponential
— non-prompt: two exponential
o Wy b(dmi,d-;) is the PDF for 0, and d,;, from data and same for signal
and background

Dongliang Zhang (UM) Studies of /\2 in ATLAS July 18, 2014 5/ 14



LU
Ap lifetime measurement Phys. Rev. D 87 (2013) 032002

Results

- e ; g @ r T T T
800 =3 Q L ]
2 E ATLAS m, =56197£07MeV] @ r ATLAS T, =1449+0.036 ps ]

E 700 (5-7Tev Sy =1.18+0.03 S r (s=7TeV S, =1.05+0.02

2 600 L=49f" 6, =31.1£0.8MeV 2 10°F L=49f" 6, =0.117+0.003 ps g
I E Ny, =2184+57 k<t E N = E
8 E g 3 £ X2/Nyoy = 1.09 1
3 500= e Data Ny = 5970+ 160 K] r ]
S E  — Fitted model 2/:/ I r o Data 7
(&) 400E .- Signal A¥/Ngos = 1.09 E © 102 — Fitted model -
3005 Background E S S Ve Signal E
& +. | r Background ]
200F 2 r 1
100 = 10 E
oEL I T L 3 E Ll NI
5400 5500 5600 5700 5800 5900 2 0 2 4 6 8 10 12
My, o (MeV) 7 (ps)

mpo = 5619.7 + 0.7(stat) £ 1.1(syst) MeV
Tho = 1.449 + 0.036(stat) £ 0.017(syst) ps
@ Systematic uncertainty mainly come from muon trigger efficiency

and A reconstruction bias
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LU
Ap lifetime measurement Phys. Rev. D 87 (2013) 032002

e
CDF' Agr (PRL 104 102002) ——

CDF (PRL 96 202001) —_—

CDF? JiyA (PRL 106 121804) ——
LHCb (PLB 708 241) —— D@ (PRD 85 112003) —

CMS (JHEP 07 163) ——
PDG* ——

LHCb (PRL 111 102003) -
ATLAS (PRD 87 032002) ] PDG* =1

ATLAS (PRD 87 032002) —-—
Ll e b b L L P I R H T RSN NSO R A

5610 5612 5614 5616 5618 5620 5622 5624 0.4
* PRD 86 010001 and 2013 partial update for the 2014 edition my, (MeV) ! ;::S:.? Iilﬁ?:; ‘:gdci:‘j:r,::ﬁs: f;:i:;:?;z‘ edton N (ps)

Normalize to the PDG value of TgY:
R = TAg/TBS = 0.960 £ 0.025(stat) £ 0.016(syst)

o Between DO and CDF
e DO: 0.864 £ 0.052(stat) & 0.033(syst)
o CDF: 1.020 4 0.030(stat) == 0.008(syst)
@ Compatible with theory Predictions
e HQE: 0.88 ~ 0.97
o NLO QCD: (0.86 ~ 0.88) = 0.05
@ Agree with the recent CMS and LHCb results
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Decay asymmetry parameter measurement

A helicity frame

«/p measurement

@ Asymmetric decay

dnN 1 j :1\ "i,l[
Tcosd 2(1 + Pay, cos0) b NI L

‘//pi» %
o OVera” P = O at ATLAS J/y helicity frame
@ Use the information of subsequent decays of A and J/4
o Helicity amplitudes: a; = A(2,0), a_ = A(fé, —1), by = A(-1%,0),

27 29
b_ =A(3.1)
o Parameters A: ap, = |a|? — |a_|? + |by|? — |b_|?, k. = %,
_ |b_|
bV e and phases A, A_.
o Full PDF of Q = (cos b, ¢, cos 0y, ¢1,cos bz, ¢):

W@ = o )3Zf1, )i(P. an) F(9)

i=0,2,4,6,18, and 19.
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Decay asymmetry parameter measurement Fo=1, Fp=cosb;
=1, =

F4 = 0.5(3cos® 0, — 1)
Method of moments s o 1eonty
F1g = sin 07 sin 0 cos 03 cos(P1 + ¢2)
@ Least square fit Fio = sin 01 sin 0 cos 6, sin(¢1 + ¢2)

ZZ expe(ted <I:i>)\4;1(<,:j>ex1)e(zted _ <FJ>)

o (Fj) measured from data
e Vj is the covariance matrix

o (F;)e®ecied depends on the parameters A

Ry @) = 3 s [ R A)en)F@) 7@ . 2F(@) avan

@ The effects of detector are in Cj;
@ T(Q,Q) is the resolution and efficiency function
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Efficiency correction from MC

Fraction / 0.1

Fraction / (x/16) rad

Decay asymmetry parameter measurement

o T T T = o T T T = 0 T T T
s F s F
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Decay asymmetry parameter measurement

Background gBocg‘AfL‘A‘S”‘””‘””‘”” 1
S psof Ys=7TeV, | Ldt=461" E
P g Ag+hy . ::::dzru‘del g
@ Event selection B20- e FY O T
L s = — - Comb. bkg ]
o Exclude hadron tracks from primary 150 ﬂ:jf,“iggi‘iao 7
[ Prob(;?) =0.89 3]
vertex 100 =
o 7> 0.35 ps of (LeftSB A Right SB 1
E e 3
o Loose BY veto: Ppo > Pgo i i A . VN
@ Combinatorial background 5400 55005600 5700 58°°[M:V9]°°
o Estimated from sidebands (SB) e y
o [5400,5520] MeV and [5720, 5840] MeV
@ Peaking background
o BY = J/b(ut i IKY(r ) 5 :
o Yield from the mass fit E 150 Eo7TeV, JLat-ash {:jgg,:g:gmex 3
L —o— 3 eV
° <F,> from Mont Carlo f ++*+ —— [5720, 5840] MeV ]
100* —
[ t +* +
Parameter  [5340,5900] MeV  [5560, 5680] MeV 50 + g 8
Nsig 1400 £ 50 1240 £ 40 (gt et s ot g
Ncomb 1090 + 80 234+ 16 of S A o !
ng 210+ 90 73+£30 F,
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Events /0.1

Events / 0.04

Decay asymmetry parameter measurement

@ MC weighted using the fit results

200 ,

350 ,

‘oL ATLAS 1 test prob! 0.98 § E ATLAS £ tos! prob: 0.57
160F. ©=7TeV, f Ldt=46f"  —e AR, data 5 300M 57 Tev, J. Ldt=46f"  —e AR, data
E [J Reweighted A} é 250 [ Reweighted A}
1405 Pythia A it Pythia A
+ [l Background 200 [l Background

F, Fy
250 o /T P e vy
[ ATLAS %2 test prob: 0.80 ] g 140~ ATLAS %2 test prob: 0.063 I
Fs=7Tev, j Ldt=46f" - AqA,data ] @ F Vs=7TeV,|Ldt=46f" - A#A,data
200 > o £ 120 > o
r + [ Reweighted A; 1 ® C [J Reweighted A}

[ ] Pythia Ay 1 @ qo0f Pythia A ]
150+ [ Background — r [l Background
C ] 80— —
100~ B 60F 4
g 1 a0f- =
S0~ - £ B
C ] 20 |

03 1 0%=24 -0.2 0 0.2 0.4

FE F1B
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Decay asymmetry parameter measurement Phys. Rev. D 89 (2014) 092009

Results
Correlation
Fit results = - -
ap=0.30 + 0.16(stat) + 0.06(syst) airameter L A
ki = 0.217% 24 (stat) + 0.13(syst) s 1 020
k_ =0.137%-20(stat) + 0.15(syst) =
corresponding to i 60; ?Eri:iev,'[Ldt=4.6fb" :Eez‘f(;’so E
= 50— b : |
|A( 1/2, 0)| =0.17"312+0.09 g 2, (@F)=3.15 |
40F o N =
|A(=1/2,-1)| = 0.59139° +0.03 e —Gasoa
|A(=1/2, 0)| =0.7970% 4 0.02 20§3
IA( 1/2, 1) =0.08*%13 +0.06 G
0_71 .

Main systematic Uncertainties
o MC statistics

(o4
LHCb 0.05 + 0.17 + 0.07 °

@ Between two theory predictions

@ Background shape modeling o Consistent with LHCb results

Dongliang Zhang (UM) Studies of /\g in ATLAS July 18, 2014 13 / 14


http://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.092009

Summary

Summary

/\g decaying to charmonium studied at ATLAS
o Lifetime measurement

Tao = 1.449 £ 0.036(stat) == 0.017(syst) ps
Tho/7go = 0.960 & 0.025(stat) = 0.016(syst)

@ «y measurement

ap = 0.30 £ 0.16(stat) = 0.06(syst)
lay| = 0.171813 (stat) £ 0.09(syst)
la_| = 0.5973% (stat) & 0.03(syst)
|by| = 0.7979 %% (stat) 4+ 0.02(syst)
|b_| = 0.087%3(stat) + 0.06(syst)

2012 data analysis is ongoing
e Improve the o, measurement
e And more...
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Backup

Backup: J/1 and A preselection
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Backup

Backup: Efficiency correction of lifetime measurement

Booa T I 05T
g r 1 2 j
© r 1 8 |
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0.024 -+ = F g
a ] 0.04- +$ B
0.022 - . 1
|- ,L 1 |- T 1
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Backup

Backup: BS lifetime measurement

Candidates / 13 MeV

L = = UL @ L L S o o S e
E 7 aQ * -
4000 ATLAS My, =5279.6 0.2 MeV @ 10 E ATLAS T, =1509+0012ps
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E g ] g
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g Ny, = 17530+ 110 g 10°F YNy = 1.03 E
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Backup

fi:

ajal —a_a* +b, b} —b_

a,al +a_a’ —b by —b_

—a,al +a_a’ +5b, b}

£
b* P
b*  Pa,

b_b* P

F.
cos 6
cos 0 cos 6,

1 (3cos?0, — 1) cosd

7 —a,al —a_a* —sb, by —3b_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 6 sin 6, sin 4, sin ¢,

10 —%Re(b_ b%) Pa, sin @ sin 0, sin 0, cos(¢; +2¢,)
11 %Im(b_b_’;_) P, sin 0 sin 0, sin 6, sin(¢; +2¢,)
12 —%Re(b_aj_ +a_b}) Pa, sinf cos 6, sin6, cosf, cos ¢,

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

14 —Q%Re(b_ai +a,b}) Pa, cosf sinf; sinf, cosl, cos(d; + ¢,)
15 %lm(b_ai +a,b}) Pa, cosf sinf, sinf, cosf, sin(d; + ¢,)
16 \%Re(a_ by — b_at) P sin 6 sin @, cos 6, cos ¢,

17 —ilm(a_ by —b_at) P sin 6 sin @, cos 6, sin ¢,

|
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Backup

Backup: reparameterized f;;

Y

i

—~

K2 + k2 —1) + ap(k2 — k)
[(3k% —3k2 — 1) 4+ 3ap(1 — k2 — k2)]
(2 +12 - 1)+ ap(3+ K2 — k2)]

18 %[1 122 JK2 (1 — k2 ) cos(—A—) — 126 [k2 (1 — k2) cos(A4)]
—%[1 2 K2 (1 — K2 )sin(—A_) — 220 Jk2 (1 — k2 ) sin(Ay)]

N
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Backup

Backup: Sidebands comparison
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