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Introduction

* Lifetimes are fundamental properties of particles
* Decays are essentially exponential:
* But mixing can occur in neutral mesons
* CP violation can occur
* Decay shape can be modified (not a pure exponential)

* Heavy Quark Expansion (HQE) predicts b-hadron lifetimes
* T is expressed as an expansion in terms of mass(heavy quark)
« HQE can also be used to extract values of |V, | & [Vl

* See the inspiring review by A. Lenz: arXiv:1405.3601v1

, HQE 2014
T(B+) 5 noad-0.07

; HQE 2014
; —=1.001 4 0.002

HQE 2014
=:10.9354-0.054..
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Effective Lifetime (1)

* For charged B mesons — decay is purely exponential
* For neutral B mesons — can oscillate + can have CP violation

in case of mixing and CP violation, equations become:
(1) = f)
= Nj [T 1 Bu) P+ e (] B )]

L[f.1] = D(Bu(t) — f) + (B

= Nyl A [L+ M e

—I't

{

AI't ALt
cosh 5 + sinh 5 Aar

|

Extra term dependent on t
Shape is not purely exponential

CPV A =-2(1+/4 [ |Re[ 2
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Effective Lifetime (2)

* For B’ mesons: Al <<l
simple exponential is a good approximation

* For B mesons:
Alg is not small and A ,i depends on the mode considered

* If B, — flavour specific:

decay is the exact sum of two exponential

-

Result of a single
exponential fit
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Methods

We performed lifetime measurements with two different approaches

Relative measurement

* The lifetime is measured relative to a control mode
with well known lifetime
* Signal mode and control mode have similar topology
* PROs: measure ratios — systematic uncertainties cancel
* CONSs: irreducible systematic uncertainty from input lifetime

Absolute measurement

* Fit decay distributions with exponentials
convolved with resolution functions
* PROs: absolute measurement — no input needed
* CONSs: need to understand acceptance functions
* Data driven methods required to obtain desired precision
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LHCb-PAPER-2014-037 et 0 o
To be submitted BS — DS“ Llfetlme

* Idea: measure signal yield in lifetime bins
* Signal decay distribution: Acceptance and convolution with resolution
* Measure the ratio of decay time distributions:

Fp, Ap(t) x[e "™ @ G(t,0B,)]
Fg, - Ap_(t) x [e_”"'Bx ® G(t,op, )]

R(t) =
* Fit the ratio R(¢)
R(t) = Rge /7B ~1/78,)

= Rpe Ws.~"T's;) Use Precise B*, B? lifetimes as input

—  Rge tAp.E:

Relative lifetime between B.— D_ 7", D, — KKt and
- B’ Dx, Do K7t

(Same number of tracks, very different D lifetimes)
- B*- D%, D’ K*»

(Different number of tracks, similar D lifetimes)
- B* 5 D%, D’ K'rre're

(Different number of tracks, similar D lifetimes)
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LHCb-PAPER-2014-037 et 0 o
To be submitted BS — DS“ Llfetlme

* 2011 data set (1 fb™)
21000 signal B, events
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LHCb-PAPER-2014-037 Bs — DS“ Lifetime

To be submitted

* 2011 data set (1 fb™)

* 21000 signal Bs events

Acceptance ratio
(arbitrary scale)

m(B)/(BY) = 1/ (1 +7(B°)A por)

—— .
[ LHCb Simulation Preliminary

. =—

—)— gt i _:
= ——— A e e e i —f— 1 {_

-

1.010 £ 0.010 £ 0.008
Consistent with HQE = 1.009 + 0.004

<
~

:

Trs = 1.535 2 0.015 4 0.012 £ 0.007 ps
Stat Sys PDG

o
W

=
[\S)

* This is the most precise
measurement to date
* Consistent with previously
available flavour specific measurements

Yield ratio (arbirary scale)

(=,
—_
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PRL 112, 111802 (2014) BZ — I)SI)JSr

¢ 2011 + 2012 dataset (3 fb!)
* Relative measurement wrt B® —» D°Ds

* First lifetime measurement in this final state
* Also observed Bs —» D Ds*

" LHCb — Full fit - LHCb — Full fit
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PRL 109, 152002 (2012) B(S) —_) J/w fO

* 2011 dataset (1 fb™)
* Relative measurement wrt B’ — Jhy K*°(892)

(b) LHCb 5

LHCD

et
m 4
S|

B.—J/y f0(980)
4040+75 |

B°'—J/hy K*0(892)
131920+400 |

Candidates / 4 MeV
Candidates / 4 MeV

T 3300 5400 5500 5600 5 5 5 3500
mJ/ YT (MeV) mJ/WK ) (MeV)

* Fit starts at 1ps where ratio of
decay acceptances is linear
* Slope extracted from MC

1.700 £ 0.040 = 0.026 ps
[y = 0.588 = 0.014 = 0.009 ps !

Acceptance ratio / 0.1 ps
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arXiv:1406.7204 B g — K+K

Submitted to PLB

* Two diagrams contributing to the same final state
* CP violation can contribute
* Lifetime formula slightly modified by extra term

2\ 2 2
Expected ~ -1

[ ff<e 1+l[£t + A, Al ]

* Absolute measurement

* Uses the so-called “swimming” technique

* Method pioneered by CDF

* Data driven method to get decay acceptance function

* A per-event acceptance function is determined

* Idea is to move the PV along the momentum accepted?
* vector of B and see when particle is accepted 1=yes

0= | :
* Measure also lifetime of decays with similar topology " toin tmeas
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arXiv:1406.7204 B: — K+K

Submitted to PLB

* 2011 dataset (1 fb?)
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arXiv:1406.7204 B: — K+K

Submitted to PLB

¢ 2011 dataset (1 fb_l) CDF 0.36 b (2006) : - : 530+ 0.180 + 0.020 ps

LHCb 0.037 fb (2012) —to———— 440 = 0.096 = 0.008 ps

LHCb 1.0 fb" (2012) —to—— 455 + 0.046 = 0.006 ps

LHCb 1.0 fb" (2014) HeH 407 = 0.016 = 0.007 ps

T35 1.4 145 1.5 155 1.6 165 1.7
Tgo_. ko LPS]

Ps.

TpoLg+k- = L1407 £ 0.016 (stat) £ 0.007

(sy
(s

ps.

TBOL K+ 1.524 4+ 0.011 (stat) + 0.004 (syst
TR+~ = 1.60 &£ 0.06 (stat) £ 0.01 (syst) ps.

\j
* Can be used to extract:

o1 oT

AAr = - _ Aar, = —0.87 £ 0.17 (stat) £+ 0.13 (syst)
AL = Ap TBISKHK= = AT

Consistent with SM expectation:
Aar. (BY — KTK=) = —0.97270 009
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JHEP04(2014)114 B —) J/w X

* Set of lifetime measurements
* Absolute measurements in final stated containing J/W

* 2011 data set (1 fb™)
* Most precise measurements to date!

Channel Yield TB+ S J/yK+ = 1.637 = 0.004 = 0.003 S,
Bt — JW KT 229434 + 503 7RO, j/yi+0 = 1.524 + 0.006 = 0.004 ps,

B"— J/ K*0 s34 =did ’TBD_:,J/IL,K’E — 1.499 == 0.013 £+ 0.005 pSs.

8 T, = 1.415 £ 0.027 = 0.
BV Jwe 186624152 | | A—I/vA o = 0.02720.006ps

ATy/Tq = —0.044 % 0.025 + 0.011 HCbonly
0.015+0.018 by B factories

Prediction arXiv:0412007:
(AT'/T)p, = (3+£1.2)-1077
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PLB, 734, (2014) 122

A, - J/WpK

« HQE prediction of the ratio T(A,)/T(B% = 0.935+0.054

* Problem of the A, lifetime:long standing puzzle it bew | (Wbl Lib)ril)

2009
2007
)
)
)

* Need a precision measurement

* LHCb measures ratio of lifetime directly

» Uses newly observed A, mode

* Updated to 2011 + 2012 dataset (3 fb™)
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5 6()() 5 ?()()
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T(A

T

0

)

CDF

j/t A

1.537 £ 0.047

1.020 £ 0.031

CDF

A, +7

1.401 = 0.058

0.922 4 0.038

DO

Aepv X

1.290 £ 0.150

0.849 + 0.099

)7

DO

J/UA

1.218 £ 0.137

0.802 + 0.090

20(
2006
20(

CDF

j/’ WA

1.593 = 0.089

1.049 4+ 0.059

)4

DO

J/UA

1.22 + (.22

0.87+0.17

=0.974+£0.006+0.004

A°) =1.479+0.009+0.010 ps
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Conclusions (1)

* Recent measurement give a consistent picture of b-hadron lifetimes
* HQE gives very reliable predictions
* Lifetimes ratios known to striking precision

1.15

Data (HFAG)
Theory (Lenz)

HiH

B, - D.mt
Lifetime only
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Conclusions (2)

B, sector shows good agreement and it is consistent with SM

* From B, — J/V (11, KK)
* Average does not include recent CMS result (ICHEP)

—~ 0.20

%)
Sk
L:n
<]

Exp. Lw g ArXiv

ATLAS 4.9 0.6700+0.0070+0.0040 1208.0572

CDF 9.6 0.6545+0.0081+0.0039 1208.2967
’ World

DO 8.0 0.6930+0.0182 1109.3166 | Qf(f)ﬁiao\fgm

LHCb 1 0.6610+£0.0040+0.0060 1324.2600

ps!
Average 0.666+0.0045

0
CMS PAS BPH-13-012
2012 data only, 20fb™, 49k B — we

Al's =0.096 + 0.014 + 0.007
previous central value was 0.0438!
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s - Al's plane (LHCDb only)

* Combine all the LHCD results
* Plot done in a similar way as HFAG: http://www.slac.stanford.edu/xorg/hfag/osc/spring_2014/
* Systematics assumed uncorrelated

025

LHCb unofficial

Contours of ln(L) =0.5
39% CL for the enclosed 2D regions
68% CL for the bands

« NOT INCLUDING B, — KK
« B, - D.it,Km

e B, - Ds_Ds,

* B, - J/W (1, KK)

Gray = combination

VERY NICE AGREEMENT!
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I's - Al's plane

* Combine all the LHCDb results

* Plot done a la HFAG: http://www.slac.stanford.edu/xorg/hfag/osc/spring_2014/
* Systematics uncorrelated + No direct CP + ¢s=0

0.25

Contours of In(L) = 0.5
39% CL for the enclosed 2D regions

68% (L for the bands

* Bs —=|Dstm, Kn

* Bs =»|DsDs , KK

* Bs —]J/V Ks

* Bs —|J/W (11T, KK)
Gray| = combination
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http://www.slac.stanford.edu/xorg/hfag/osc/spring_2014/

['s - Al's plane: numerical results

* Combine all the LHCDb results
* Plot done a la HFAG: http://www.slac.stanford.edu/xorg/hfag/osc/spring 2014/
* Systematics uncorrelated + No direct CP + ¢s=0

* LHCb Unofficial
J/ hh +eff. lifetime ALL removing KK and J/ Ké)
—1 +0.00918222 +0.00890455 +0.0703867
ATel psl ) 0.106 & 0.011 0.10681500 00316 170 0.1075448_00003?% oz 0.108291 “o ot
- 10 +0. +0.
Fs(ps™ ") 0.661 £ 0.004 0'660773—0.00363541 0.660268 "y 11357979 0.661624 5 "y 135-naq
SCe, BLS 0.047 —0.223708 ~0.136227 ~0.0384904
_ +0.00833398 +0.00754808 +0.00885326
wg—="1/Tgls) | 15120 £ 00002 | i:5(38s+0-0099900. | 4 5jdpst0.C0BI00 | 1.5{145+- 00002800
T, = 1/T1(ps) 1.4006 + 0.0136 1.40021 & 0.0101491 1.40048 + 0.0101239 1.3971 4= 0.0124061
g = 1/Tg( ps) 1.6447 == 0.01798 1.64646 1= 0.01751 1.64882 L 0.0159949 1.64615 + —0.0178713
Alg/Tg 0.1604 £ 0.0166 0.161651 &= 0.0141065 0.162879 4 0.0136251 0.163674 + 0.0157539

Columnl: only Bs — J/W (1111, KK)

Column2:; J/W(nr,KK) + KK + DsDs + J/WKs
Column3: J/WV(rr,KK) + KK + DsDs + J/WVKs + Dsit + Knt
Column4: J/W(ntmt,KK) + DsDs + Dstt + Kt
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http://www.slac.stanford.edu/xorg/hfag/osc/spring_2014/

Constraints on s and Al's

TD+D- = [1.379 + 0.026 + [].[]17] ps
TIjbfy = [1.7(][] + 0.040 + U.UQG] ps |
TK+K- = [1.-—1(]7 + 0.016 + U.UUT] ps|
| | Wl 1 [ LA )
0 45 90 135 180
¢y |deg]
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Bd Lifetime

CDF2 Jiy KS,J/'qJ K°1.0fb" (2011) 1.507 + 0.010 + 0.008 ps

BABAR Incl DI 7 81.0 fb" (2006) 1.504 % 0.013 %218 pg

BELLE (Multiple) 140 fo! (2005) 1.534 = 0.008 + 0.010 ps

ATLAS B —JiyK_ 4.9 fb™! (2013) 1.509 + 0.012 + 0.018 ps

DO Bi—J/ypK? 10.4 fo! (2012) 1.508 + 0.025 + 0.043 ps

LHCb B—JhpK® 1.0 o' (2014) 1.524 + 0.006 = 0.004 ps

LHCb BJ—J/y Kg 1.0 b (2014) 1.499 + 0.013 + 0.005 ps

LHCb BJ—K* 1.0 fb' (2014) 1.524 + 0.011= 0.004 ps

146 148 15 152 154 1.56
T [PS]
d
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Bs Flavour Specific (other measurements)

+0.14

ALEPH B,—D,|¥ 4M Z° (1996) 1.54 *21% + 0.04 ps

CDF1 B,—~D,I¥ 110 pb' (1999) 1.36 = 0.09 * oo s

1.42 %17+ 0.03 ps

DELPHI B;—D_IV 3.6M Z° (2000)

+0.16

OPAL B,—D,|7 4.4M Z° (1998) 1.50 7,1z = 0.04 ps

+0.028
-0.025 Ps

1.518 £ 0.041+ 0.027 ps

DO B,—D,| ¥ 0.4 fb'* (2006) 1.398 = 0.044

CDF2 B,—~D_(X) 1.3 fb™' (2011)

i

LHCb B,—~D'D} 1.0 tb'* (2014) 152+ 0.15+ 0.01 ps

(]

1

LHCb B,—*K 1.0 o' (2014) 1.60 = 0.06 = 0.01 ps

13 14 15 16 1.7
flavour specific

IBS [ps]
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