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Successor to E687. Designed to study charm particles produced K K27t K37 combined
by ~180 GeV photons using a fixed target spectrometer with updated

Vertexing, Cerenkov, EM Calorimeters, Hadron Calorimeter and capabilities.

Member groups from USA, Italy, Brazil, Mexico, Korea.
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Charm Baryon Lifetimes s

o The hadronic partlal width has Qualitatively (ieglecting mass difference and CS decays)l
contributions from mechanisms TAS) =T Tl AT

spec exc
other than spectator quark decay [E) =T T +17
(W exchange, destr. and constr. PI)

spec

FEN =T, .t .t

spec exc

rQ9=r._.+10/3)r+
**Not universal semileptonic decay (£2.) spec ( )

widths for charm baryons Expected hierarchy:
[(Z,") <T(A) <T(E)S T

Lifetimes study provides:
“*Probe into the non-perturbative sector of heavy quark decay
“*Test of various quark models and Heavy Quark Expansion methods
“*Exp BR— calculated decay rates

Needed 1 of E.% ,Z.°,Q.°to 10% to quantify contributions

Improvement on the lifetimes understanding can be provide by:
“*measurement of the semileptonic BR of charm baryons to probe HQE
“*study of the exclusive modes of A_" ('in particular CS decays)
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Lifetime measurement technique S

*Vertex algorithm is driven by
charm candidates (cut on L > N Gp)

A/
Y 4/,

............. -

*Proper time resolution: (o ~401s) ) —
— No resolution convolution systematics/error inflation ==jp-| Binned likelihood
—Systematic test of the method validity for short lived decays method

*The fit variable 1s the reduced
proper time t" = (L - N o, )/Byc,

where N is the detachment cut
— minimize acceptance corrections

The expected number of events in each t’ bin is:

) en-")
Hi =(N _B) —t' [t
2 f(t'y)e

b,
2.b,

We maximize likelihood function:

» Acceptance/efficiency/absorption
f(t’) correction by MC

»b.: background from the i* t’ bin
of sidebands distributions

‘ Fit Parameters are T, B

(e ) [ (@B)Er e
o H n.! g

(Zib;)!

24-31 July 2002 Charmed baryons and HQ

\

B-tie term. A

Amsterdam spectroscopy from FOCUS



— E831
A" lifetime measurement S

High statististics measurement with a
AJS—pK - nt " sample of 8034+122 events

g

g

g

A detailed study of systematics
sources has been performed

Fhgd o Hbd o . 4 -O-H-!
e R R ey gy 22 LT T I L‘!th
-

B e

Everts/S5 MeVWV/c
g &8

= Absolute time scale
%0 a5 22 25 23 25 2 a5 25 Background: Level and lifetime distribution
MWpK 7) (Gevic ° *Charm reflection backgrounds: no significant contribution
*Variation of sidebands location and size/ no B-tie term

Uncertainty of f(t’) correction: .« — MC correction function
*Check MC simulation: momenta, primary vtx 2 | +
multiplicity, decay lengh, proper time resolutions \ }*mn*wwc+++H+++++++$++H+++++JE fﬂ%
*Acceptance/efficiency corrections check using S °° ¢ 1
short-lived Ks (excellent agreement —upper limit erro?)u} YUY YRS FUSPUFTOT
*Variation of production parameter and resonance substructures
*Proper time resolution comparing data-MC, bin size and fit range variations

*Absorption effects: cross sections variation, in-out target decays, different target
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Events (arbitary scale)20 fs

A" lifetime result

E831

Background subtracted +
= _Acceptance corrected data

Syst. Source | o, (%)
Time scale 0.11

Backgrounds 0.77

Acceptance 0.83

Production 0.38
02 03 04 05 0.6 07 UB 09 1
Reduced Proper Time {ps) Resolution 0.12
Comparison with other measurements | Absorption 0.23
PDG | HL“ FOCUS Total 1.23
2002: | SELEX PRL, 88:161801,2002
200+6fs T =
——t | CLEO2 r( . )= 204.6 = 3.4(stat)i 2.5(sys) s
- tes7 Significant improvement
e e s e on the T ( A;") accuracy
fs
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=." lifetime measurement

Total sample

S Yield=532+3(0 |4 decay modes in 8 different topologies:
“Product of 8 Likelihoods
tq fit for a single 1

235 24 245 25 255 26 265

E831

—
]

Corrected Events/(40 fs)
>

—+ GeV/c RSN T SV | A N | N 1 P
M(EY) 0 05 1 15 2 25 3
Systematlc studies : Reduced Proper Time ps
*No contribution when split topologies/modes
*Main contribution from variation of the fit PDG2002 CLEO(2002)
conditions ( 8fs ) FOCUS(2001
PLB, 523:53-59,2001 oom)
E687
r(2 )= 439+ 22(stat )+ 9(sys) fs cs00
WAG2
FOCUS reduces the previous world | | | |
average error by a factor of 3 son 00 4Dbhson . BoD 700 Bop . &nn
f
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2.0 lifetime measurement

E831

ield=97d:1ﬁ1125

2.4

2.6

2.8

M(ET)

Gev /co?

10

0 1 1
2.2

- Yield=218

74

|’?6|

2.8

M(QK*)

Gew /c*

+*Binned Likelihood method
S LEL)=LE ) x L(Q K

*»Systematic investigation of resolution effect
(o(E ") =40 fs, 6,(€2°K*) =80fs comparable to t)

Total sample: 110+17 events

MC correction functions

Correction /{30 fs)

=t J’

e

= BN RS R

e e

01 02 03 04 05 06 07 0.8 0.9
fs

|

Correction /(30 fs)
- IS R " L ~e I B s

e . ﬁﬁ H +

+
+_'_’_+—|—+

|

[=- e h
_'||

01 02 03 04 05 06 07 08 09
fs

=Variation of the fit method ( resolution convolution)
*Mini MC study with a wide range of input lifetimes
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=0 lifetime systematics and result

(Ref:hep-ex/0206069)

E831

r(Eg )= 118715 (stat)+ 5(sys) fs

Comparison with other measurements

Amsterdam

PDG2002
. FOCUS(2002)
L0 I B O‘It.S
Reduced proper time p= S — EG87
SySt. Source | o Sys(fS) ‘ ACCMOR
Production 3 | | | . | | |
ImIIIEEI-MIIIIIEIIIIIIIIIIII}'EIuIIlII”H]"il:II '-'11-2-5:-'-'-'1-55-'-'-'1-?3-'-'-595-'-'-'2-25
4 fs
Method Y FOCUS reduces the percentage error
(miniMC) .
- on the (£, ) from 20% to 10%
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Q.0 samples

L A

Events/o MaWi -
b

————
Yield=38+9

20

Eventsi10 Me¥/c =
=

— T
Yield=23+17 -

E831

|

Total sample

|

¥

I

294

2390

M 25 ALL [GeVic

Yield=64+14
Mass=2697.5 + 2.2 MeV/c?

[ ]

L

2

o

L i

4] a |

2.0 244 2491 50 276 2ap E

p—_ _ LLl

ME K nt ) M(QQ~ ©tt)
Year | Expt. Mass (MeV /e?) Mode(s) Events
1085 | WA6G2 | 2740.0 4 20 =—K-atat 3
1892 | ARGUS | 2710.04+ 7.0+ 25 | Qo atwT 11
1893 | E6B7 0705.94+334+2.0 | Q-at 10
1994 | Eg87 26990+ 154+25 | LT K- Kxt 49
2000 | CLEQ | 2694.6+ 2.6+ 1.9 | 4 modes 40
2001 | Belle | 2697.3+1.5 | Q-at | 04
PDG
=2697.5 +£ 2.6 MeV/c?
2002
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Q.0 lifetime measurement

MC correction functions

E831

25 T T T T | T T T T 25 i T T | T rI s
LQL)=LE" Kt ) x £(Q2 1Y) - ﬁ[ ‘J
Large corrections because of S ,mL|| 1 B[ i
loose detachement cut T Jr T Lasa. :
[ o>2- [ -
*3 fit parameters: T , Boy,.. , Bo,. oo . h TP S i L/CT .0. .
% f@yt for zi:i mode [ps) e ° (B3t for iinmoda (ps) e
wiE- T T T T T T 3 10° 1 T T ' 7
; T=T79+12fs ; ; Bogo,=30+3 3
) E S, =59+11 E Tekonbg = 02 £ 4 fS?
% w'E | 4 \\ E 1:1’ * BQTC =21+2 E
A 3 : N 1y, =35+3fs 3
E 10% \_ = 1e* E‘:..% - é
ER: + : === :
& 4 s ]
é ' E T \ E 11 § E
o . h; =
) ] ] \ ]
g \ 1 % 3
-1 i | i i i ] -1 %
1I:II.'I.l'.'Il'.'I 0.50 100 mﬂ.ﬂﬂ 050 1K

t” for signal (ps)
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Q. lifetime systematics and result J$

Systematic studies: 108 £ I SK2x mode
180 T On mode
»No remarkable effects of 5wk § Combined
production/absorption o P -
. . £ oo e
»proper time resolution L i { ! i
(bin size-fit range dependency) woowpE T R L -
>as for 20, study effects due U
. . ] *E 1 2 3 4 5 & 7 B 9 1o Il 17 13 14 IS
to resolution comparable to the lifetime 2Lt L L L L 1 1 L 1 1 L I I I
»Background studies: signal /sidebands 2R i f 7 Tz ofo2owog §od
. . . o 2 n o a o & @, B g =)
region (location and widths) " i 03 3 b OB 2 2

Comparison with other measurements

. —a— FOCUS prelimi

Preliminary FOCUS measurement: preTmnay

pa— — E637 .
£(Q? )= 79 £ 12(stat)+ (sys)fs S PDG 2002;

Accuracy improved by a factor of 2 | :
N "':"ilu'u"""'fi_l.qj"""'éé:-é"""'éét:."""'juu
f
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Results for Charm Baryons Lifetimes S

E831

&00

Lifetime (fs)
2

g

300 |
200 | s ¥

100 |

PDG2002
FOCUS

FOCUS preliminary

[1]
(1

FOCUS significantly improved
the accurancy of all charm
baryons lifetimes.

From the FOCUS results:

T(E g
- =2.15£0.13
T( ) (PDG2002: 2.21£0.15)

Theory predictions: 1.2-1.7

¢ — 0
e clal)
; i =1.5+0.3
r(@?)
Theory predictions: >~ 1
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BR measurement of A decays into states containing =

“+Th: Complicated dynamics for charm baryon decays a3
- investigation of the W-exchange contribution S
- inputs for Z_" lifetime from CS modes

“*Exp: low accuracy for many BR

»FOCUS reconstructs X candidates throught the modes: | 3+ pr¥nn*
»Our largest samples: A" =X n"mand A" > n'n" | - Snnr-

215

(LU 200

201 f— 175 o .
: Unique previous
500 150
wo E 125 } measurement
300 ;;4_4. oyt —++l b 1:: H ++1-_H+++_JTH+++ iy n by E687:
200 Hottrned Wb oy 523+35*‘+ﬁ 0.53 +0.15 £ 0.07

15

0 ) I 1 o E I
2.1 2.2 2.3 2.4 i1 2.2 1.2 2.4

= 0.422 + 0.033

FOCUS preliminary: 1 (,At > Iz x” )
(stat error only ) F(At s Yt )
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Study of the A—>Z KK decay Js

30
3 — W -exchange .
- ] S
NG decay +
2 ]
W 4
"0 u u
_ Systematic effects reduced by using the
! A—>Z *wtn - decay as normalization mode,
l with similar selections
10 .
_ 10515 ev N\ §©
02.I24I I I2.|26 I I2.|2c‘3’ — 2.I3 - I2..|3'2 - I2..|34 :g

GeV/c?

S

Systematic studies: |
» Comparison of independent sub-samples: momentum, *

particle/antiparticle, run conditions, 2 modes 00 | | |
» Fit procedure varying:bin size,fitting range, signal » *
> 1706+88 ev
shape (check two-fold ambiguity effect) P
’ GeV/
24-31 July 2002 Charmed baryons and HQ 15
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Events/ (4 MeV/c®)
[#1)
&

ba
[~

15 |

b
a

e.sf  Y=8L8 ev wt

AF>27OD

Y=57£10 ev

) 2.24 2.26 2.28 2.3 2.32 2.34 2.3¢
GeV/c

o
225 226 227 228 229 23 231 232 233

Gev/c”

24-31 July 2002
Amsterdam

E831

S

v'Same selection as 2T K"K, but 10W€4 L>b
v'Cuton ¢/ E* signal regions

v'Suppression of non-resonant / other resonances
contributions with SB subtraction/ resonances mass
cut — detailed systematics investigation

A= Z(1690)K*

g 20
g -
%17.5 =
[
12.5 —
Non-resonant | |
2 TKK- b
contribution sk +
2.5 f 1 J(
aFCs Y=34+8 ev
9 I2.54I | é.|26l | IZIZ(‘S’ 3 2.32 234 236
Gev/c?

Charmed baryons and HQ
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Results for A;*— Z * KK decay

Almost all Z * K" K- throught

resonant modes

)

(Ref:hep-ex/0206013)

E831

S

Upper limit @90%CL f(;r th\e non
resonant A f—2 T K" K- decay

comparison with other measurements

FOCUS

BELLE

CLEO

C

IRV NP AP 2

r{Af -3 KK)
( )

(71211 £1.1) %

(7.620.7 £0.9) %

(9.5+£1.7 £1.9) %

At 53g)

C

F(A+ — 2+7z+7£_)

C

(8.71.6 £0.6) %

(8.5+1.2 +1.2) %

(9.3£3.2 £2.4) %

¢

F(A+ S5 (2*1(‘ )K*)

F(At — 2+7z+7£_)

(2.220.6 £0.6) %

(2.3£0.5 £0.5) %

MA ST KK )| <28%@ <1.8% @
F(At N 2+7[+7[—) 90% CL 90% CL
24-31 July 2002 Charmed baryons and HQ 17
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Events/ (10 MeV/c%)

A Cabibbo suppressed decays

E831

A2 K 0(892)

o

ng +

First measurement

r{As >k

)=(

F(AJ[: >t

7.8+1.8+1.3)%
(Ref:hep-ex/0206013)

T y=49£10 ev

2.4
GeV,/c*

AS—-EX K’

cvents/ (TU Mev/c)
N W

Y 10:I:11 ev.

v'Most,if not all, of
the 2*K*r via XTK™
v'For the non-
resonant 3-body

decays quark pairs
need to be created

d d
és
\YY u

C - s X'
u u

24- 31 July 2002
Amsterdam

MAL >=K7)
rAf >z k)
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. =+ —+ E831
Double charm baryon search: =", & =, S

An extensive search was conducted 1n 2000 using:
~20,000 A".— pKn + ~1.2 million D™’ (Kr, K2%, K31)

¥ 1 :.“-&El"pl*{:.[ 2'tian Erb'Ann [ Etslama 20 35: =D K
5 - : Ef - A*K z*
'% I :"D*pxn 3:-:-1::*An _:—a D*A:n f_z:—;-D*;-.nm 5:_}0*:@ ------- _
o : 3 3
o BT %UL LLUL = L IK_!J f?;g;m;: m JL;' 14 Z..(D""X) and 7
: l ' 2. (A" X) decay modes
B
VLD IIH |I|HH searched
R :“ L “‘-"““j““‘*“- 3 A A 4l
3 o L[ Eﬂ} MIE_ m:' B[ = ﬂE]'
L ﬂﬂll FOCUS = ‘No evidence of =,
& LA ] “| search results

MIZ.d) M e MIZed) e
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FOCUS data for SELEX decay modes

ﬁl‘ﬁ% FOCUS data Efficiency relative to FOCUS data Efficiency relative to
E” 21 Ecc(ccd) — A_KT 19,444 reconstructed Elccu) — A_KRIn 19,444 reconstructed
-+ A_ candidates is 5% A_ candidates is 13%
g | SELEX signal area shaded SELEX signal I
ol N “ area shaded N
[_;,_ 3.8 3;:]& ;;1
M(._. soleed]) GeVic™ M(._. solecul) GeVic™
Decay Mode =t ATK T ET S ATK Tt
Experiment FOCUS SELEX FOCUS SELEX
=.. Events <221 @ 90% 15.8 <221 @ 90% 8
Reconstructed A, 19, 444 + 262 1650 19, 444 + 262 1650
Efficiency Relative to A, 5% 10% 13% 5%
um/!ﬁ <0.23% @ 90% 9.6% <0.09% @ 90% 9.7%
ggﬁ% Relative = 3= Prod > 42 @ 90% > 111 @ 90%

FOCUS efficiencies assume =}, (271

) lifetime of 0.2 ps (1.0 ps), a mass of
3.6 GeV/c?, and production characteristics of a 3.6 GeV/e? Z, particle in PYTHIA

24-31 July 2002
Amsterdam
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. E831
Conclusions S

All charm baryon lifetimes measured with improvgd accuracy.

Published measurements for A" _,= ., 2",
Preliminary results for QOC should be published by year end.

BR’s. of A", decays containing X’s has been presented.
First measurement of the CS decay mode X K*(892) and upper
limit for the 'K 'n~ mode.

With ~20,000 A", + ~1.2 million D™, we found no evidence

—_++

for production of =" and &,
double charm baryons seen by SELEX

24-31 July 2002 Charmed baryons and HQ 21
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SSD

E831

FOCUS developed several techniques to reconstruct S
hyperons for an extensive search of charm baryon decays.
- E— Al »
s L AKX -
~ with A®— 1:11:' |
| | z- | reconstructe I
Decays upstregm \:r_ over large regions Izhe)fjri,:tream §:: n
of/in silicon of the spectrometer | o ... "

SSD

M1

<

I~ T—

P

~t— K

Three tracks vertex downstream of
silicon to recover decays with A’
decay vertex close to the 2~ or Q-
one.

Reconstruction of Z-— nn~, Z*— nntt, Tt — pn’
Recover of the decays & ~— A't-or Q- — AK-
when A? unreconstructed.

*Link SSD track and MPWC track.
*The neutral particle is undetected.
(for £ confirm n in HadCal )

°If decay vertex upstream of magnet, twofold ambiguity for the parent’s momentum.

Z4-3T July 2002
Amsterdam
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