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The LHCb Detector

A VELOseparation of displaced
decay vertices, characteristic of Y
b/c decays pear HOAL

SPD/PS M3
RICH2 M1 M2

A RICHL1/2K/" identification,
crucial for fullyhadronicfinal
states

A Muon detectors:crucial for
muon/ dimuon final states
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b Baryons (1fb})

A Important to measure bBbaryon masses precisely as

test of variety of QCD models

A Via decays to a & and a hyperon
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PRL110, 182001 (2013)
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ATLAS: arXiv:1207.2284 (201
DO: PRL 101,232002 (2008)
DO: PRL 99,052001 (2007)

CDF: PRD 80.072003 (2009)
CDF: PRL 96,202001 (2006)

PDG: PRD 86,010001 (2012)

2) M(AY) M(Z;) MQ;)
ATLAS 5619.7 = 1.3 .- .-
CDF 5619.7 = 1.7 57909 = 2.7 6054.4 *= 6.9
DO 5774 = 19 6165 = 16 E
PDG 5619.4 = 0.7 5791.1 £ 2.2 6071 %= 40
LHCb 5619.5 = 0.5 5795.8 = 1.0 6046.0 = 2.3

JIn [ hyperon channels only

A LHCD results most precise, in agreement with all previous measurements except for

DOe¢ ¥ result

A See also mass and lifetime off from ¢y © eu Z covered in talk by J. McCarthy

(%
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D Mesons (1fB)

A Important to know precisely:

A Dominant systematic in measuring
O
lo © W rymass

A Help determine nature of X(3872)
state

A Reconstruct Dcandidates through
A Q) DPAKK ™+~
A b)DPY KKK+

(chosen as low energy release states)

A Reconstruct [, candidates through

A DA KK+
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i) e 8 & tag
Sy M) e 8 e lwR
L
T ry) 4(r) 8 8 1w
— LHCh Best previons 1o [ CLEO: PRL 98,092002 (2007)
: measurement IMeasiuremnmen .
M(DY) 1864.75 + 0.19 | 1864.85 + 0.18 186486 £0.13 | NELR: !DLB 686,84 (2010)
M(D+)— M(D% |  4.76+0.14 47 403 176+ 0.10 | BABAR: PRD 65,091104 (200
M(D¥)—M(D*)| 9868+0.05| 984 +0.3 o888 +0.25 | PDG: PRD 86,010001 (2012)

N N

A Reinforces conclusion that if X(3872)i8 r WY 2f SOdzf SQX AU A& «
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Lifetime
Measurements
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@ O b - (3fb?)

2002,arXiv:hep

A Ratio of[ .0 to B° lifetimes — 20‘;“2’03‘:(‘_‘1_312
measured usings, © T - ' PO203080.
and || o Ly IL* decays —— ATLAS,2013

¢ ! D0,2012

A Heavy Quark Expansion Theory ¢ CDR2011
(HQE) predicts lifetimes differing . WorldAvg,PDG
by only a few percent * LHCD, 31

_ _ 0.7 0.8 0.9 1 11
A Some discrepancy in past
measurements S50 ' ' ]
8 . LHCb
ge) L
% 8 8 8 > 02f .
[ e veote oo oyyp "‘;*'i*f*}*lr'
A Most precise to date, consistent with [ | | |
original predictions from HQE % 2 4 6 Ips|
(arXiv:1402.6242submitted toPLB
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oy Fwy (3fbd)

A Few theoretical
predictions for these
lifetimes, range from
1.0ps- 1.7ps

PRD 56,2783 (1997)

PTP 99,271 (1998)
arXiv:hepph/9508408

A Measured in the decays:
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» Both most precise determinations to date

8 mm
LHCBPAPER014010 (in preparation)
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0 ' ' _
B, oscillations

A B’ oscillates continuously between particleBs
anti-particle

A Mass and CP eigenstates are linear
combinations of the two states:

| - B
|Bu,L) = p|BY) F4q|BY) ’

A Decay as some mixture of particle and amarticle, so actually measure

effective lifetimes to specific final states
g, : average decay width of eigenstates

g, - difference in decay widths

M, : decay width of heavy/light eigenstate

Loeou

yil.oou

b

oy

oy

. o4 - CP violating phase, interference between direct decay and oscillation then decay
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| Al Al v hey (1ibt)

A Data,signaland backgroundshown in each plot (mass on left, decay time on right)

A Lifetime ratios used as test of Heavy Quark Expansion (HQE)
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Observable Prediction World average

Tp+ | ps | 1.641 £ 0.008
Tpo| ps | 1.519 £ 0.007
Tpo | S | 1.516 £ 0.011
TJE[[JH | 1.429 + 0.024
T+ /TR 1.063 £ 0.027 1.079 £ 0.007
7o/ Tpo 1.00 £0.01 0.998 + 0.009
TJE/TBD 0.86-0.95 0.941 + 0.016
Many references, included in backup
Ratio Value
TB+/’!—BD_:,J/.¢,I{*O 1.074 £+ 0.005 £ 0.003
T80/ TBLy 7 K0 0.971 =+ 0.009 = 0.004
749/ TBO g K0 0.920 + 0.018 =+ 0.004

A Most precise measurements in these channels, consistent with previous measuremer

A Ratios consistent with HQE predictions
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o Ly L also used to calculate values fagandn g

A.LenzU.NierstearXiv:1102.4274
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A CP Odd decay mode

A Sample split into K candidates with (left) and without (right) hits in the VELO for analysi

A Lifetimes combined in weighted average

Wgg 8 28 8 mV SM: | Wpgm 8 8

R. Fleischer, Penguin effects in ¢4 ¢ determinations, arXiv:1212.2792.
A First measurement, consistent with SM

expectation
Nucl Phys. BB73 (2013) 27292
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Hv O vy (3fb™)
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PRL 112, 111802 (2014)
A CP Even decay, lifetime translates as measurementaf. £ 0

A Measuring_ in CP specific final states probgs ). ) parameter space;
complementary to direct measurements

A Normalised to BA DDy ; similar final state topology/kinematics, precisely measured
lifetime
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ArAL Lz Lz Zz/777

A Measure lifetime ratio (bottom) after
correcting for relative efficiencies (top)

FB§—>D;D§ (I) + rB?aDﬁD; (t) —a,t
g pop-(t) + g+ pop: (1)

A Measuringh . determines lifetime
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Results

”v O v v (3fb?)

VM.. 8 38 8 —
* 8 8 8 —— 4
oo L L (1)

V[.. 3 3 3 —
] 38 8 8 ——

(interesting as loop dominated see talk
by J.Prisciandardor further details)

|y © | (1fb1)

Vxll 38 38 38 —
> 38 8 8 —

A CP Even lifetimes are consistent

0.4
0.3t
0.2
0l
&L
= 00
o4 = -
—02f ONEW el
mm 70: D, — [1-379 % 0.026 + 0.017] ps
—0.3; = T = [1.700 £ 0.040 £ 0.026] ps |
_oal ] . EE TEK- = [1.1':}'.7:[].[]'.ﬂ:[].[]l:}?: ps ||
_180 135 =00 150 500 13 1w

¢ [deg]
Produced using method described by R. Fleischer, |
Knegjensn Eur. Phys. J. C71 (2011) 1789

A All measurements consistent with SM predictions
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Conclusions

A LHCb has made many worldading mass and lifetime measurements of heavy
flavoured hadrons

A Achieved many goals already:
A Resolved long standing discrepancy @ lifetime

A Resolved previous discrepancy 4y mass
A Closely scrutinised HQE theory and predictions
A Measuredn g). in a way complementary to direct methods

A More to come:
A More heavy baryons to be studied

A Greater precision with more luminosity, even closer examination of theory

A Thanks for listening!
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