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Measurement of the 22 baryon lifetime, 31 August 2018, arXiv:1807.02024
Precision measurements of the A, ¥ and E2 baryon lifetimes, 19 June 2019, arXiv:1906.08350
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% Decay Modes and Selections
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o THC
Tp+ He
. daughters
— Reduce systematlcs (3-4 tracks)
— + R Y2
B->D"u v, X

e DY 5 K ™
« [L=3.0fb71at7&8TeVinRun1l
* All modes require a set of kinematic, £ H,
vertexing, and Particle IDentification >
(PID) selections to eliminate
background

« Q2 =Y also use a Boosted Decision

X
Tree (BDT) trained on simulation and (possible
mass sidebands to improve signal-to- additicl)nal
background ratio particles) :
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Fits to m(H,)
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Fits to T(H )

-
()
N

—
o
w
T T T T TTT

| LHCb

B—D*'u vX

+ Data
= Fit

TR R S R

2 3 4
D* decay time [ps]

Fits to background-subtracted decay

times

* signal templates taken from simulation
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rﬂo=268+24+10+2fs

Tp+ =203.5+£1.0%1. 3+1.4f1s
Tg+ =456.8+3.51+2.9+3. 1fs
T-0 =154.5+1.7+1.6+1.0fs

=c

result + statistical + systematic * due to uncertainty on 7+
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% Results and Implications @

Tgo = 268 +24 +10+ 2fs * Tqo 6.90 larger than previous world
Tpy =203.5+1.0+1.311.4f1s average 69 + 12 fs
TEJ —456.84+3.5+2.9+3.1fs — Changes lifetime hierarchy
To0 = 154.. 5 i 1.7 i 1.6 i 1.0 fs * Previous world averages
=C Tgt >TA§ >T32 >’l’_Q(C)
result + statistical * systematic + due to e LHCb measurenfents
uncertainty on Tp+ Tt > Tpo > Tt > Tgo
* Tp+, T+, and Tzo have 3-4x smaller — Highlights theoretical uncertainties:
C & —C

* Higher-order terms in Heavy Quark
Expansion (HQE)
dVerages * Degree of interference between spectator s-

. + o, .
* Tzo 3.30 larger than previous world ?Illjgrks(?sns(; that from ¢ — sW* transition
0 —

+13
average 1 12_10 fs * Role of spectator ss system spin

uncertainties than previous world
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Observation of the doubly charmed baryon £}, 14 September 2017, arXiv:1707.01621

=+* OBSERVATION

11


https://arxiv.org/abs/1707.01621

SYRACUSE

% Decay Mode and Selections

e LookforE}" - ALK m*mt
— A > pK~m?

* Measure Mqynd (B ) =
M(AK ™) —megnq(AT) +
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mppG(A¢) c— —clar

« [£L=17fb " at13 TeVinRun?2 . <4
. . . Hcc d }7‘r+

* Pass a set of kinematic, vertexing, and <:: u
PID selections to eliminate background ﬁ}K_

C > > S
* Neural network (MLP) trained on %u .

simulation and data control samples w J}”

discriminates kinematic and vertexing
parameters
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* Fit signal with the sum of a Gaussian
and a double-sided Crystal Ball with

the same means S 180E 1 HCh 13 Tev E
* Mass, yield, resolution float, other E 128 4+ Data ‘ :
parameters fixed to simulation i — Total :
. _ 120 Signal ~
* Fit background with 2"d order 2 100 ---Background j ) f ]
S
polynomial ERR | } oo i
* 313 + 33 signal yield st ft E
* > 120 local significance, verified with 20 3
N PR W CP R Y N -
8 TeV sample 73500 3600 3700

m., (Ze) [MeV/c?]
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» m(E}X) =3621.40 + 0.72 + 0.27 + 0.14 MeV/c?

— result * statistical + systematic + due to uncertainty on m(A{)
* Consistent with most theoretical expectations (3.5 GeV < m(E}F) < 3.7 GeV)

120 significance even for candidates with decay time 5x > uncertainty
— Indicates weak decay

« Mass splitting too large to be SELEX Z}. isospin partner

— SELEX observed a state identified as £} in 2002 (E}. - ALK~ n™, 6.30, arXiv:0208014)
and 2004 (E}. - pD*K~, 4.80, arXiv:0406033).

* FOCUS (Nucl. Phys. Proc. Suppl. 115 (2003) 33), BaBar (2006, arXiv:0605075), Belle (2006,
arXiv:0606051), and LHCb (2013, arXiv:1310.2538) have null results when looking for this state...
— ...but SELEX used hyperon beam on fixed nuclear targets.

* If SELEX measurement wrong, this is the 15t observation of a doubly-charmed baryon.

— mLHCb(ECTj) — mSELEX(EZ_C) =103 + 2 MeV/c?
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Measurement of the lifetime of the doubly charmed baryon EX*, 31 July 2018, arXiv:1806.02744
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% Decay Modes and Selections

e LookforE}lf » ATK nmtrm* « [L=1.7fb™1at 13 TeVin Run 2
— AL > pK ™t * All modes require a set of kinematic,
Y Tetst vertexing, and PID selections to
castre T,0 eliminate background, as well as
b

hardware triggers desighed to
_ A0 +o =t -
Ap = Acmmom minimize bias

. — + —
m = MEACJUW) s * Neural network (MLP) trained on
M([pK n ]A;f) + Mppg(Az) simulation and data control samples

discriminates kinematic and vertexing
parameters

* Largely mimics E}7 observation
analysis
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304 + 35 signal £/t and 3397 + 119 normalization A? candidates
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Lifetime Fit
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* Tet+t+ = 256t%§ + 14 fs

~CC
— result £ statistical + systematic

* First measurement
— Verifies weak decay
— Favors the lower end of theoretical predictions

* From theoretical predictions,
T=++ = 3.5XT:~+ = T=+ = 60 — 90 fS

—CcC —CC —CC
— Theoretically, 754+ > 75+ because

« EXF u-quark and decay products interfere destructively.
« £F. c- and d-quarks contribute additional W-exchange.

— Inconsistent, according to theoretical models, with SELEX result (90% CL,
arXiv:0208014):

T=+ < 33 fS
~-ccC
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% Conclusions S

* LHCb has recently advanced our knowledge of (doubly-) charmed
baryon lifetimes.

— Changed lifetime hierarchy:
—_ — — T~ —_
T:‘?:'>TA-C|'>T:‘(C)>TQQ TGZ">T.Q?>TA&|->T:‘3

— Tgo ~ 3.30 greater than previous world average
— Greater precision for T+, T=+, T=o0

AC —-C ~-C
— First observation of 2

— First measurement of T-++

—-ccC
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LHCb, A}—Alu vX
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* LHCb, EZ)—Ziu vX
Ei— pK 7*

CLEO [2002]
FOCUS [2001]
E687 [1998]
E400 [1987]
BGHORS [1985]

200 200 500 800

=7 lifetime [fs]

SYRACUSE

26

VERSI
ST

TY
0




SYRACUSE

T(Ec)

UNIVERSITY
oy aifc

<+ LHCb, &,—»Zou vX
295 pK K nt

~ PDG Average, 2018

FOCUS [2002]
E687 [1993]

ACCMOR [1990]

0 100 200
=Y lifetime [fs]

27



Results and Implications

SELEX (with fits):
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LHCb (no fits):

RS: EfF > AfK nmtmt

WS: AYKmtm~
SB: m(AY) sideband
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