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Lifetime measurements at LHCb

e LHCb can perform very precise relative lifetime measurements of mesons
and baryons.

e Common technique: Fit the decay time spectrum of particle H with a
template function to extract the lifetime. e.g.

° S(trec) = f(treC) : g(trec) : 6(trec)

o f(trec): Signal template from simulation with full selection applied
—trec/ i

o g(te) = ;tm—c/;:,where The is fitted for.

o (trec): To account for difference between data and simulation in track

reconstruction for tracks far from the beam line.

¢ And then use a well-measured decay-time of an abundant resonance to

normalize to. a




Charm hadron lifetimes (I)

¢ Lifetime measurements are an important to the Heavy Quark Expansion
(HQE), as sub-leading terms are sensitive to spectator quark masses.

. A;", :"' and = =0 lifetimes last measured almost 20 years ago with limited
statistics.
e Use semileptonic decays of A(b), Eb+ and E’g baryons:

e Large number of events and relatively low background due to displacement. !
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Charm hadron lifetimes (II)
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* Measurery, = :Hi with as simultaneous fitto r g, and D lifetime, to

wiN ~ 22 - 103 t

D
cancel systematic effects

e Use template from simulation, and fit for the lifetime difference between
simulation and data.
« Using the known D lifetime:
o T+ =(2035+1.0+1.3+1.4)fs

c

¢ Tgt = (456.8 £3.5+£2.9+3.1)fs

* Tmo = (1545 +£ 1.7+ 1.6 £ 1.0)fs
e Most precise measurements to date. e a

3t~ l@7,8TeV
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Q. lifetime (I)
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e 7o, = (268 24 410 £ 2) fs

3t~ 1@ 7,8TeV

[Phys. Rev. Lett. 121,092003]
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Use the same strategy with Q.(— pK ~ K ~7") from Q, — Q.uv X


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.092003
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Q. lifetime (II)
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 World average value: (69 + 12) fs,

o je.~4xsmaller...

3t~ 1@ 7,8TeV a
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Charm hadron lifetimes (III)
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e Good agreement for A;" and Ej values, 3.30 discrepancy for =
larger value for €.

0
e ax

e Expect: To+ > T+ > T=0 > TQO
—c c
e Measured: To+ > To > T+ > Txo,
—c c c c

e Could be due to smaller interference effect between spectator s and s from
c— sW,ora larger effect of additional higher-order contributions. a

3t~ l@7,8TeV
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o Measure lifetime of =1 (— AT K~ 7) with respect to
A)— Afm=mtr—
o 7o+ = (0.25670:033 +0.014) ps

e Tg+ ispredicted to be shorter by a factor 3~4 (additional T/ exchange

between c and s), can help in searching for the state.

1.7t~ 1@ 13 Tev
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http://indico.ijs.si/getFile.py/access?contribId=15&sessionId=3&resId=0&materialId=slides&confId=1031
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Mass measurements in LHCb
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e LHCb has performed world’s best mass measurements of many hadrons.

¢ Need to correct for non-unity momentum scale «v: Fix scale at abundant
resonance with well-measured mass (e.g. J/¢ ), derive scale factor, check
with other resonances.

e About 0.03% uncertainty on scale factor for LHCb measurements.

¢ Find balance between decays with large number of events (e.g.
Bt — JIp K T) and decays with small Q-value. @ a


https://www.worldscientific.com/doi/abs/10.1142/S0217751X15300227
https://www.sciencedirect.com/science/article/pii/S037026931200086X?via%3Dihub
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Mass measurements in B/ B — J/) pp (1)
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e First observation of the decays B?S) — J/ypp.

B(B®— Jhppp)=(4.51 £ 0.40 £ 0.44) - 1077

B(BY — J/ppp)=(3.58 4 0.19 & 0.39) - 10~5: much higher than
expected O(1077)

¢ Resonant contribution?

Very small Q value: Can do precise mass measurements. @ a

5.2fb~1@7,8,13 TeV
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Mass measurements in B — J/i) pp (1)
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e Most precise single B9 mass measurement (from LHCb and worldwide).

5.2fb~1@7,8,13 TeV
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Mass measurements in B? — J/) pp (I1I)
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e Most precise single Bg mass measurement (from LHCb and worldwide).

5.2fb~1@7,8,13 TeV
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El: mass measurement
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[Phys. Rev. D 99,052006]

see Marcello Rotondo’s talk for the production measurements
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e Measure the mass difference between ./12 and Eb_ baryons, using the
A)— Jjp Aand ;7 — J/1p E decays.

o om = (177.30 £ 0.39 £ 0.15) MeV/c2

. m(E;) = (5796.70 = 0.39 = 0.15 £ 0.17) MeV/c2

measurements.

* Most precise measurement of m(Eb_) to date, in agreement with previous a

4.6~ 1@7,8,13Tev
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J/p and 7. mass difference
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* Use non-prompt 7). — pp and J/t) — pp decays to determine the mass
difference.

e Separate prompt and non-prompt with pseudo-proper lifetime
t, = %/IEE > 80 fs and PV displacement of protons.

o AM = (113.0 + 0.7) MeV/c?, uncertainty completely dominated by
statistical uncertainty. Most precise single measurement so far.

e Valueisin good agreement with all previous measurements. a

2fb~ 1@ 13 TeV



[magnolia]

Conclusion

e LHCb performed several world’s best measurements of hadron lifetimes

and masses.

¢ Most of them are compatible with the world averages, notable exception:

Q). lifetime is 4 X larger than the previously measured value.

¢ Several measurements are still statistically limited.
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[EPJC 79 (2019) 537]
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* Measure branching ratio and CP asymmetry of BT — J/1) p™, with
respectto Bt — J/ip KT

o 2Dfittom(J/p wH70) and m (7 y) mass to separate P-wave, S-wave
and background.

« B(B*— Jippt) = 381103 £0.35) - 107°
o ACP (BT — Jhppt) = —0.04570035 +0.008

3t 1@ 7,8TeV @
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Charm hadron lifetimes suppl.
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