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Hyperon Physics at Fermilab

e Hyperon physics has a long and distinguished history at
Fermilab.

— Beginning with E8 and the Fermilab Neutral Hy-

peron Group at Fermilab’s inception in the early
70s.

— Continuing with E440, E441, E495, E361, E620,
E497, Eb55, E619, E715, E761, E781, E756, K800,
Selex, KTeV, HyperCP.

e Almost all the experiments focused on the static and
decay properties of stable hyperons.

— High energies allowed beams of hyperons to be made.

e Highlights of that program include:

— The discovery of polarization in inclusive hyperon
production in 1976, and subsequent measurements.

— The precise measurement of the hyperon magnetic
moments.

e Much other physics done:

— Weak-radiative hyperon decays.

— [-decays.

— Measurements of masses, lifetimes, decay parameters.

— Production cross sections.
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Theory has Yet to Catch Up to Experiment

“We do not require more and better data. The issues are

'77

already clear. What we need is more and better theory

Barry Holstein
Hyperon Physics Symposium
Fermilab, 1999

e Longstanding problems in hyperon physics still re-
main.

- Al = % rule.

— Nonleptonic branching ratio enhancement.

— S/ P-wave problem.

— Weak-radiative decays — Hara’s theorem.
e Newer problems have appeared:

— Hyperon polarization.

— Hyperon magnetic moments.

e One glaring exception:

b Caption: y7558 Cem, Dr. Louis Dick, physicist in pension from CERN his office. - Pensionierter P
Moz BP_005-59 | © Photoagency Bilderberg / Russian Look

“Where we do need data involves the possibility of testing

the standard model prediction of CP violation.”

Barry Holstein
Hyperon Physics Symposium
Fermilab, 1999
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HyperCP Physics Goals

Primary Goal:

e A search for exotic sources of C'P violation in charged-= and A decays.

Secondary Goals:
e Search for CP violation in QF — AK™ decays.

e Search for rare and forbidden hyperon and charged kaon decays:

— Lepton number nonconservation in =~ — pu~ .
— Flavor changing neutral currents in hyperon and charged kaon decays:
O = Zptp X - pptpT, O = E T, KT - rt it
~AS >1decays: == —»pr n, Q0 = An", Q" - pK 7, —prn.
-

— T ="

e Measure various hyperon production and decay properties:
— =7 (=2%) and Q~(Q") polarization.
— o, B and ~y parameters in =~ decays.

— o decay parameter in QF — AKT decays.
— Hyperon production cross sections.

Note:
— Other =™ physics, such as precision mass and lifetime measurements, could be done,
but manpower for such analyses lacking.
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New Hyperon Beam and Spectrometer Built
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e New charged secondary beam built: 7
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Spectrometer has Large Acceptance and Good Resolution
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HyperCP Data Acquisition System

Latch

e All custom front ends: no CAMAC, Fastbus,
or VME. ripreienaer | /L
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e Sustained data logging rate of 27 MB /s onto s o e
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TB per Year
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HyperCP Yields
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Entire WWW on 9/11/01 was 5 TB!

Reconstructed Events

CMS

Channeled beam polarity
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(E. Auge, EPS 2001)
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e In 12 months of data taking HyperCP recorded one the largest data samples ever by a
particle physics experiment: 231 billion events, 29,401 tapes, and 119.5 TB data.
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Short Primer on Nonleptonic Hyperon Decays

—

e Decay violates parity: angular distribu-
tion of daughter baryon is not isotropic (if
parent is polarized)

dP 1
— {1 P
d cos 6 2( o pcose)

e The magnitude of the parity violation
is given by «),

_ 2Re(S*P)

S|P

S parity violating amplitude

(07

P: parity conserving amplitude

e The slope of the daughter baryon cos 6 distri-
bution is given by:

ap Py

e Hyperon alpha parameters large!

=~ = Am—

N—pr™

dN

dcosB
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Short Primer on Nonleptonic Hyperon Decays

[l

= = An AN—pr™

Daughter A baryon is polarized

P (az + Pz - pp)pa + B=(Pexpp) + v=(pax (P=Xp4p))

A (1+azP= - pa)
where:
2Re(S*P) 2Im(S* P) 1S|2 — | P2
SIS PR T ISP AP T ISR+ (PP
f=+v1-—a?siné v =+v1—a?cos

If parent =™ is unpolarized the A is produced in a helicity
state:
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Hyperon a and 3 Parameters

e Alpha parameters can be large!
e Most are well measured.
e Until recently all known to be non-zero except

e Beta parameters zero or very small.

e Difficult to measure: need a polarized parent
hyperon.

Craiz Dukes

for the three in {2~ decays.

Q =T} —jo— Q _=T1C | not measured
QO _="11 } H-e— Q =11 } not measured
QO _ANAK F 3 QO _AK F not measured
= AT | . = SAT | .
=" LA | . =LA | —e—i
> LNm | > nm |
2 . prT | ST prt
ST | stk
A-niT F o4 A\ - NTT b not measured
N\-prt | . N-prt »
RN NN A A A A A A
=) L0 — L0 =) = L0 — L0 =)
o B
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Calculating o and 3 Parameters Difficult

e S/ P-wave problem longstanding

e Standard approach using contact term for parity-violating S-wave amplitude and
pole model for parity-conserving P-wave amplitude gives good S-wave fit, but very
poor P-wave fit.

e One can fit the P waves, but the S-wave amplitudes are bad: simultaneously fitting
both S- and P-waves has been difficult.

e Solution: Include (70,17) intermediate states (Le Youaunc).
e Solution: Include intermediate 5 and %+ resonances (Borasoy and Holstein).

e These approaches are promising, but ball remains in theorists court.
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Measuring the Cascade a Decay Parameter

e Use unpolarized =~ events = A is produced in a
helicity state with helicity az=.
e [ind A polarization via its parity-violating decay
distribution: o=y .
e The proton angular distribution is found in the
Lambda Helicity Frame.
Use Hybrid Monte Carlo method:

e Take areal = — Am, A — pm event, discard
proton and pion, generate 10 new unpolarized A

decays.
e Generate isotropic A decay HMC events and

then weight by

1 + o= cos Opnc

Wiazap) =
(azan) 1 + a=ap €08 Oren
e Vary aya= until best fit between data and MC is
obtained.
e Requires:

— Very good Monte Carlo description of the

apparatus and decay:.
— Very fast Monte Carlo: ~10 billion events.

z

= Rest Frame

P—
)
D

cos0
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Measuring the Cascade a Decay Parameter

e Beating down systematic errors difficult and a e Agreement between HMC events and data
work still in progress. good, but has systematic errors.
e Preliminary result: from 1.555 billion events:

azay = (—0.2850+0.00009) Hyper CP
— (—0.29440.005) PDC
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Measuring the Cascade 3 Parameter

~ 2Im(S*P)
ISP +|PP?

e (3 gives the transverse component of the daughter A

g

polarization “out-of-plane” for the polarized =~ decay.

B, _ (az+ P2 pa)pa + B=(P=xPa) +7=(Pax (P=Xpa))
(1+OJEPE ﬁA)
e [t is known to be small.
e To determine 3 the A polarization must be measured
from a polarized sample of = decays.
e Procedure:

- First find the direction and magnitude of the =~
polarization.

- Find the A polarization components in the trans-
verse plane through the asymmetry in the A decay

distribution: P3 = apf=PF= and P, = ayy=F=.
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Producing Polarized Cascades

e Polarization in inclusive high-energy hyperon pro- e Polarization extracted from the asymme-
duction was discovered at Fermilab in 1976. try in the A decay using a Hybrid Monte
e A series of experiments have found that all hyperons Carlo method.
are produced polarized, with polarization increasing e Bias canceled by subtracting +3.0 mrad
with p; and xp. from —3.0 mrad asymmetry:.

e Special polarization sample taken by targeting at
non-zero production angles.
e Production angles limited to 43.0 mrad.

10°4 — —
y P X 1
N - ' \
-.. N _Mr 19.51 mrad
=4 X NG N T A -
_ Prean < b . TS N
+3.0 mrad ) e o .
______ v target b = P'_ collimator
3.0 mrad B exit
<> colllmator
pbeam P" entrance +




7

Cascade Physics Workshop HyperCP Craig DuKes

=~ Polarization and Magnetic Moment

e Small polarization makes extracting (3 particu-
larly difficult.
e Polarized data sample polarization poor:

o iz = (—0.6562£0.0051)uy consistent with
PDG value of =z = (—0.65072£0.0025) pin.

Mean polarization: ~ 3.7%. e Small field integral precludes competitive

(ps) = 0.48 GeV /e measurement of j=.
<.CL’F> =0.2
0.00 .
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L =D D
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N = |
£ : 2 8¢ 7 10 ® E756
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Cascade 38 and v Decay Parameters

e From 144 million polarized =~ decays:

¢ = —2.39°40.64°(stat)£0.64°(syst)
Bz = —0.037£0.011(stat) £0.010(syst)
7= = 0.888+0.0004(stat)=£0.006(syst)

e At 2.5 ¢ from zero best evidence of a non-zero (3
parameter in any hyperon decay.

e Has implications on C'P-violation measurement.

e Published: PRL 93, 011802 (2004).

— not measured

— not measured

— not measured

- °

- —e—

— not measured

— o

[ I | [ I I O |
= L L0 <
< 9 S o

B
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How to Search for CP Violation in Hyperon Decays

Due to parity violation the proton likes to go in the direction of the A spin:

dN(p) N _ 2Re(S*P)
dcos® 2 ~|8]2+|P)?

AN—pr—: (14-0p Py cos 6) a — 0.642

Under CP the antiproton likes to go in the direction opposite to the A spin:

N\ - p1T

slope = a,P, slope = axPx

CP dN / N \
N — QA = —Qp dcosB dcos@

A - prt

-1 0 +1 -1
cosO

Problem: The A/A polarizations have to be precisely known to extract a, /ay

\

cos6

+1
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Producing Polarized A/A’s : unpolarized E Decays

E_/EJr’s:

_

—
.

In this technique, pioneered by HyperCP, A/A’s of known polarization are produced from unpolarized

— A~

If the = is produced unpolarized — which can simply be done by targeting at 0 degrees — then the A is

distributions are identical, and:

found in a helicity state, with a large polarization (az = —0.458):
Py = azpa X = Q=Px
dN(p) _ No dN(p) _ No
= 1 = 0 = 1 + apa= 0

Toosf 2 (14 apa=cosh) Tl 3 (14 apa=cosh)
If C'Pis good, the slopes of the —_ _ _ — -, — .
proton and antiproton cos = - AT~ PTLIT = - AU - I

slope = a,0= slope = a,0=

A=A\ =

QN

dN \ dN \
dcos6 dcos6

-+ x
= — Ar™

-1

0 +1 -1 0 +1
cosO cosO
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HyperCP technique is sensitive to both Z and A CP violation
=N — =0
—— ~ A=+ Ay

=0\ T+ Q=0

= + a= QA 1+ Op

where: A= = — and Ap = —

o= — = N — YA

What HyperCP experimentally
measures =

Important: polar axis changes from event 7

: V
to event. 4
= Rest Frame

r—
]
D
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What is the experimental situation?

e To date there are only upper limits on the

asymmetries.
e A, has been measured to 2x 1072
Exp Mode Method
R608 Ay pp— AX, pp — AX
DM2 Ay, efem —J/¢p — AA
PS185  Ap pp — AA

e There is a recent measurement of A=,
based on the HyperCP technique:

Exp Mode Method
E756 Azpn pN —=ZFfX — An*

e This measurement of A=, can be used with
measurements of A, to infer a limit on A=.

e None of these measurements is in the regime of testing theory.
e HyperCP is pushing two orders of magnitude beyond the best limit, to ~107%.

1 E LI N L N L N B N Y L N L B B L B =
[ - A/\
| R608 _
P DM?2 = Azp
10 =3 =
2 PS185
z LI E756
o N
© [
-3
10 F .
HyperCP .
10 = PR TN N T WO T N T T AN T T N T [N T S N Y
1984 1987 1990 1993 1996 1999 2002 2005 2008

Y ear
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Phenomenology of CP Violation in Z and A Decay

e ('Pviolation in = and A decays is manifestly direct with AS = 1.
e Three ingredients are needed to get a non-zero asymmetry:
1. At least two channels in the final state: the S-and P-wave amplitudes.
2. The CP violating weak phases must be different in the two channels.
3. There must be unequal final-state scattering phase shifts in the two channels.

—tan (0p — dg) sin (¢p — ¢g),

12

Ap = (ap + ag)/(ar — af)
Az = (az + az)/(az — azg)

112

strong phases weak phases
e Asymmetry greatly reduced by the small strong phase shifts.
e The pr phase shifts have been measured to a precision of about one degree:

A op = —1.14+1.0°
o0 = 6.0£1.0°

e The Am phase shifts can’t be directly measured, theoretical predictions disagree:

— _1°

__[ép = —27
= -

1
Js —18.70} 100

} recenty P71’

—tan (0p — 0s) sin (¢p — @g) .

HyperCP has measured the Aw phase shift: (4.611.8)°
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Comparison of e’ /e and Az, Ap

Craiz Dukes

/
€ /e Azp
e Thought to be due to the Penguin diagram in e Thought to be due to the Penguin diagram in
the Standard Model. the Standard Model.
W
r a
SR IV Ly
S
[T A
5 ] =4S 2 S
g N — u
d d } C /
U —
.d d } n

e Fxpressed through a different C'P-violating
phase in the I = 0 and I = 2 amplitudes.

e Probes only parity violating amplitudes.
plitudes.

“Our results suggest that this measurement is complementary to the

e Fxpressed through a different C'P-violating
phase in the S- and P-wave amplitudes.
e Probes parity violating and conserving am-

measurement of € /€, in that it probes potential sources of CP wviolation

at a level that has not been probed by the kaon experiments.”

He and Valencia, PRD52 (1995) 5257.
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Measurement of the A-7 Phase Shift

million polarized = ’s.
e \ has three components of polarization:

e This is done by analyzing the A decay distribution from 144

P (az + Pz - pp)pa + B=(P=xpp) + v=(pax (P=Xp4p))

(1+a5]35 . ﬁA)

—0.03740.011(stat) £0.010(syst)
0.88840.0004(stat)40.006(syst)

—_
—
—
—
—
—

e Using the known value of az:

5p — 0 = tan~! (%) — (4.641.441.2)°

e First non-zero measurement of phase shift.
e This is about the same magnitude as the p-m phase
shift:
= (P equally likely in = and A decays.
= (P predictions underestimated,
= xPT calculations oft?

HyperCP
(2004)

E756
(2003)

Meissner/Oller
(2001)

Tandean et al.
(2001)

Kamd
(1998)

Datta/Pakvasa
(1995)

Luetal.
(1994)

Martin
(1965)

Nath/Kumar
(1965)
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Y
= o
- Experiment +H1—@—
[ Theory | N
ok
ol
B 0o &
3
— IO 2
)
. [» g
i
— oo <
:
. O a‘_—,
o
1) O 3
| | | | | |

Phase Shift (degrees)
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Bad News: Standard Model Theory Predictions Small

e Much enthusiasm a decade ago as Standard
Model predictions were relatively large.

= An ___ gy =0.5MeV
m; =120 GeV Aqcp= 200 MeV Heub = 1.0 GeV
e e e b S 4 Bonvin (b)
e - Tadic, trampetic (a)
Ereora e 4 Bonvin (a)
Bemamaccrcna. 1 Tadic, trampetic (b)
e :
| Bonvin (c)
Fommmeee 4
Strech, xu
Eea o Vacuum saturation
}—I_—T_| Donoghue et al.
I ! ! 1 I I 1 |
0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

Valencia (1991)

A104

—0.5x107* < A=) < +0.5x10~*

(Tandean & Valencia, 2003)

Important: no unambiguous connection between: dcxy < A=, Ax

e Standard Model predictions have slowly fallen
to:

e At same time there was concern that acciden-
tal cancellation in the kaon system would lead

to € /e = 0.
0003 F .
a',E o Af'_= 0.2 GEV
sl ms = 0125 GeV
0.001 - HHHH
I HHHIII
0000 F-----------mm -2z J‘:"-xrf -----
1
e Iy o (T E Tl T T L Ty I¥I]'I
100 150 200 250
m;(GeV)

Paschos (1991)

e The expected SM asymmetry is out of reach
for any experiment, planned or otherwise.
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Good News: Standard Model Theory Predictions Small

e Most beyond-the-standard-model theories predict new and large C'P-
violating phases.

e These beyond-the-standard-model predictions are often not well con-
strained by kaon CP measurements: hyperon CP violation probes both
parity conserving and parity violating amplitudes.

e Recent paper by Tandean (2004> excluded by € for LR=RL case
shows that the upper bound on A=y 107

from €' /e and € measurements is

- 4 : dy £ d J =
100107, [ Im(61 LR Im(élZ)RL \§ =
e For example, some supersymmetric = - \\ C ‘g
models that do not generate €’ /e can 2 7 \\ e T -
lead to Ap of O(1073). = \\ Voo = S
< P S =
e Other BSM theories, such as Left- < \\\ D e = 2

| . >eSSSSSSSSS
Right mixing models, (Chang, He, 105 R S ] ﬁﬁ
Pakvasa (1994)), also have enhanced SRR RRRRRRw - = lg 1 =
. MRARMRARARRNY L = 4 ho)
asymmetries. NNN——= R

10" 10°° 102
I(e/€)susyl

Any C P-violation signal will almost certainly come from New Physics.
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Extracting the C P Asymmetry

dN_ N_
— A —(1 - _
Toonf 5 (14 azap cosb_)

e Take the ratio of the proton and antiproton
cos 6 distributions: a nonzero slope is
evidence of CP violation.

e it ratios to:

1 + a=ap cos
1+ (azap — §) cos b

R(6,6) =C

to extract asymmetry o:

5:

=0\ — =0

e 5 9

=0 N + O=0p

= 1.719

200=00)

e Note: No Monte Carlo needed to mea-
sure apparatus acceptance.

e [f CPis agood symmetry proton and antiproton cos  distributions identical.

AN,

dcos b,

— A,

slope = a0

dN
dcoso

-1 0

+1 -1 0

cos6 % %
Ratio ‘(AQHHIIIIEED’

N
%(1 + a=zai cos0,)

slope = o, 02

dN
dcos6

+1
cosO

dN
dcoso

\

-1

0 +1
coso
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Equalize 2~ and E1 Acceptances by Weighting Technique

e Problem: Geometrical acceptance identical for =~ i
= : — = e LI =7: solid lines
and =" decay products only if parent == and = S 3500|- =+. dashed lines
. _ i =T in
have same momentum and inhabit the same phase Yor
" . — [
space exiting the collimator. 3 oot
e They are not the same due to different production ,% 1000 [
c 500 |-
dynamics. T
e Solution: Weight the =~ and =" events to force o = momentum (GeV/c)
X
the two distributions to be identical. 3000

e Momentum-dependent parameters of = at collima-
tor exit matched.

e 100 x 100 x 100 = 1x 100 bins used.

500 |- 5 .
2 Fill + histograms - P | | | | | k
Pass using + weights 00602 02 0 02z 04 06
: . =y position at collimator exit (cm)
_> =

Events/.015 cm
G
]
[

Calcuate / x 103
+ weights 4500 |-
— 4000 |-
8 3500
P 8 3000
Calcuate © 2500 |-
—_ ?J |
> L — weights \ = 2000 |-
x J Q 1500
PaSs > Fill — histograms " 1000 B
using — weights 500 - a ‘ ‘ ‘ ‘ ‘ M |
-8.005-0.004-0.003-0.002 -0.001 0O 0.001 0.002 0.003 0.004 0.0

=y slope at collimator exit
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Proton, A-pion, Z-pion Momenta Before/After Weighting

— Solid lines
+ dashed lines

Events/(1.95GeV/c) Events/(5.5GeV/c)

Events/(2.75GeV/c)

x 103
1500 F — 1.75
- . b 15
1000 |- s o
L .- L = 1.25
500 __ 3 1
i 1 1 ol 0.75
0 75 100 125 150 175
Proton z momentum (GeV/c)
x 102 -
10000
7500 | . o
- - T
5000 L 04
2500 H
L Ll L 1l l Ll L 1l l | - l. L V-
2 10 20 30 40 B
N\ pion z momentum (GeV/c)
x 10% — 1.75
10000 |- L 15
- o
=125
5000 L 1
i o 0.75
O 1 1 | - I L 1 ]
20 40 60

= pion z momentum (GeV/c)

——t—
——
-
-
-
-

IIIII*IIII'IIII'IIIII

- i
AAA_‘_&“AAAAAA“AA"
:.T-.l-.l-llllllllllllllllll

/5 100 125 150 175

Proton z momentum (GeV/c)

20
N\ pion z momentum (GeV/c)

60
= pion z momentum (GeV/c)

o: before weighting
A\ after weighting
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Helicity Frame Analysis Naturally Minimizes Biases

e The helicity frame axes changes
from event to event since we always
define the polar axis to be the direc-
tion of the A momentum in the =
rest frame.

x = Rest Frame X Z Rest Frame

e Acceptance differences localized in
a particular part of the apparatus

do not map into a particular part -
of the proton (antiproton) cos 6 deos
distribution.
-1 (I) +1
cosOp

Important! Overall acceptance differences do not cause any biases.
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Result from C P Violation Search

o ~10% total data sample. PS185 E756 HyperCP
e 118.6 million =, 41.9 million =7 0.03
’ Ap Azpn Az
=0\ — 0= [
Agy = — =4 [
azay + a=a, O
= [0.0£5.1(stat)£4.4(syst)| x 10~ -
e Constraining beyond-the-standard-model pre- 0.01 -
dictions which are not well constrained by kaon % -
C'P measurements as hyperons probe both parity E ol "
conserving and parity violating amplitudes. o [
excluded by ¢ for LR=RL case < |
10.3 § '001 -_ |
HyperCP_* = i
Limit = i
— @ 2 -0.02 -
(?f-) 10 \ [ = [
% \\\ = z i
< \%\ ‘g’ = __3_|.|.|.|.
< \\\\‘cé;:}{:}{:}{:?;} = = 1995 1997 1999 2001 2003 2005
10° zr ® I Y ear
_______ = -
10° 10° 10% e PRL 93, 262001 (2004).

I(e" /€)susyl

e Expect 3x improvement with full dataset. )
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Search for Parity Violationin {2~ — AK ™ Decays

O~ —=AK~ A—-pr—

e Although spin-3/2, the unpolarized Q= — AK~
decay goes much like the other hyperon two-body
decays.

e The A decay asymmetry is:

dg(fgﬁ = %(1 + aqay cos 6)
e Here:
2Re(P*D)
OZ —_—
* PP+ |DP

e A non-zero ag, indicates parity violation.

e All other hyperons have non-zero o parameters; only
the €27 has resisted efforts to find an asymmetrical
decay distribution.

e Large data sample, little background.

Events/0.28 MeV/c

1660 1665 1670 1.675 1.680 1.685

pTK invariant mass (GeV/cz)
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First Observation of Parity Violation in {2~ — A K™ Decays

O~ - AK™ —-pK 7~
B e e e e I R ) R A
%t 0.005 F
= oo HyperCP (1999) |
< 0005 F 5 1,890,000 -
_ Cooo b b b b bovn b by n bvw v 1y
. FNAL-756 (1998) - , T
?— 0.0052— —§ 1823
Y N NS T . HyperCP (1999) | . l
2 ooosf T T M 4,500,000 g o
T 10 230 1 O (0 (00 G (0 HyperCP (1997) | g o
coso 96,000 E
aq = [—1.7840.19(stat)4-0.16(syst)] x 10> FNAL-756 (1998) | %
6953
Ot = AKT —pKtnt FNAL-620 (1988) 5
B e e e [ R I R R 1743
= o ]
Z  0.005 f :
% 0.0 CERN (1984) L e B
= 0,005 ] 12,000
v__ T N N N N T NS N N N PRI MO s e e sl I W W AR W AN MO O
- 88%8 SRR RN AR R RN RN R AR RARE RN -0.1 -0.05 0) 0.05 0.1
< 0.005 [ =
§ 0.0;!‘+'~J|— —!—|.+I+| I‘|‘ —!——l— a -
= 0005 [ LR LS T e No evidence of CP violation in 7 /Q" decays.
T 0010 Bt 10 e Most precisely know alpha parameter.
-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 04 0.6 0.8 1.0
coso e 97: PRD 71, 051102(R) (2005)
aq = [+1.8110.28(stat)+0.25(syst )] x 1072 e 99: PLB 617, 11 (2005)

\, J
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Search for Lepton Number Violation
E_ — plu_lu_ 40000;
I isidentified
e S > > u ) 35000_' ?I‘SL /e\?'tl‘ Ie'vents
W~ \\\ ~ 5, 30000 e
] “ é 25000 8
P Ux# 2 20000 =
= < - > 3 | misidentified O
— —— U p @ 15000 K~ 1O )
W™, R =
10000
S :> // :> u i =~ mass
5000
\d > d/ 120 124 1z 132 136 140
pUp mass (GeV/c2)
e Lepton number violating decay could imply 255_ %3
existence of Majorana type neutrino. : 22|
e Not constrained by limits on neutrinoless o 2 g =
S | g1 =
double 3 decay. g o & ©
B(E— N p/l_,“_) e % Ot 1a: 1.'32 é')
B(=- i) < 4.0x107° @ 90% CL & 10f pror mass (Gel//c?) -
= —a .
. ' 5[ = “mass
e PDQ limit :< 3.7x107* @ 90% CL :
(Littenberg and Shrock) bl
. 1.20 124 128 1.32 1.36 140
e to appear in PRL Pup mass (GeV/c2)
\, J
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Search for AS = 2 Hyperon Decays

e SM branching ratios < 10712
2 e [mportant: Limits from K decays do not pre-

= window for new physics clude an observable effect.

2
B(EO — pﬂ-_) — 0.9 (anew) “..1tis possible fornew AS = 2in-
QAEW teractions to induce hyperon decays at
an observable level while evading the
bounds from K°-K" mizing.”

He and Valencia, PL B409 (1997) 469.

e ook for two decays: e Nothing found: limits improved by large
O — Ar— O~ :Oﬂ'_ amounts.
— pr = pr~ Limits (90% CL)

Mode HyperCcP PDG
O — Am™ <29x107% <1.9x10~*
=S prT < 82x107% < 3.6x107°

e PRL 94, 101804 (2005)
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Study of 2~ — E- 7w~ Decay

e Deccay can proceed two ways:

O~ =" 0~ —=*0(1530)7—
— AT B N (E—WJ)r
pT s AT

— pr
e The current PDG branching ratios:
BR(Q)™ - ="n"n7) = (4.3733)x10™4 Based on 4 events from Bourquin et
BR(Q™ — Z90(1530)r~ = =2 ntr) = (6.4+5%)x10~* al. NPB 241, 1 (1984).
e Theory favors resonance mode.

e Hence Bourquin et al. assumed that their four events were all from the resonance mode,
although the evidence is not compelling.

e Hyper(CP observes 137 events, giving a preliminary BR of:
BR(Q™ — Z~ntr™) = [3.640.3(stat)£0.45(syst )] x 10~
NPB (Proc. Suppl.) 115, 54 (2003).

e What fraction of these events come from the resonance decay?
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Dalitz Plot: Phasespace vs Resonance

e Big blue dots: data.
e Small black dots: Monte Carlo.

O~ > gtr~ 0~ —=*(1530)7~

1.54 1.64
ase space ot
: Phase sp Resonance
1.53 L
L 1.53
152 L
1.52 -
: s
GJ %1;51 __ .‘ .‘.‘ ‘..
9, ) : (D r - Dhigs B ° ° ° e% e
1.5 ) e — i e .o. . . .
Q ' X e @ 1.6 - * o e o
) el F .
E A .. . o E .. ° L]
° . ] L] [ ]
1.49 | : ¥
i |'|:; 1,49 ‘
1.48 - -
- 1.48
L] -
L]
147 | .
- 1.47
1.46 i 11 1 1 I 11 1 I 11 1 I 11 1 I 11 1 I 11 1 I 11 1 I 11 1 I 11 1 1 :
0027 0028 0.29 003 0’31 0032 0033 O<34 0.35 0.36 1.46 11 1 I 11 1 I 11 1 I 11 1 1 I 11 1 I 11 1 I 11 1 I 11 1 I 11 1
m [GeV] 0,27 0.28 0,29 0.3 0,31 0.32 0,33 0.34 0.35 0,36

Totmass [GeV]
e The data are more consistent with the 3-body phase-space

decay than with the resonance mode.
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The pr~ w7~ Invariant Mass

e Data is inconsistent with the
Q™ — =*(1530)7~ decay.

e Data more consistent with
()~ — = 7 7 uniform phase-space
decay:.

o Agreement with Q~ — = 7 7~ decay
not perfect.

e Linear superposition of both decays im-
proves fit, but only if coefficient for
O~ — =*(1530)7~ decay is negative!

e Preliminary!

[ Blue: Resonant Decay MC
%0 ' Red: Phase-Space MC L
40 |
30 | :

i'-?'-: ;
N
TN
i HE

1o |

i =

1.47 148 1,49 1.5 1.51 1.52 163 1.54

pTT T T mass [GeV]
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Search for X — putpu~

[ <H
m ‘I;f’ W
S —p—oi :t i > d u—> > u
u,Cc +
v ~ > ~ 2{u—> * > d
T {u—> ——ucp { W }p
~ ~ u S > > u

e Three events represent the rarest decay of a baryon

ever observed:

BT —putp”)
B(XT — all)

e Narrow dimuon mass, m = 214.31+0.5 MeV, suggests
decay proceeds via hitherto unknown particle: could
it be the pseudoscalar sgoldstino of Gorbunov and

Rubakov?

= [8.67(stat)45.5(syst )] x 10~®

T —pP’ — putu”

e PRL 94, 021801 (2005)

This needs to be confirmed!

o) ] ()
10 °- |
E 21 21
104 1] 1
W ‘
>
§103,: 080 1190 1200 1200 1300 1400 1500
5
5. o (a)
510%
10 — l
S
“\”‘““‘\““\““\“
1200 1300 1 42100 1500
Mpuu (MeV/c)
@ .o (b)
“% 2] e Data =2 e Data
= [0
() =
= e
- o
21 21 i
i i L
O T ‘ T T T ‘ T 0 T T ‘ J\ T ‘ T T T T ‘ T
220 240 2125 215 2175
M, (MeV/c?) M, (MeV/c?)
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Conclusions and Outlook

e Very high-statistics hyperon data samples can be easily obtained at high-energy
accelerators like Fermilab.

e With present technology the ~1 billion event Hyper CP data sets can be easily
increased to ~10 billion events, if not more.

e These data sets allow very high-precision measurements and sensitive rare-decay
searches to be made in the hyperon sector.

e These limits are often not constrained by measurements in the kaon system.

e HyperCP’s hyperon CP-violation measurements are probing limits not con-
strained by Kaon, B, or EDM measurements.

“. .. we can then conclude that the available preliminary
measurement by HyperCP has already bequn to probe the
parity-even contributions better than e does.”

Tandean (2004)

e Unfortunately, after some thirty years of impressive experimental
work, hyperon physics, indeed non-neutrino fixed-target physics,
is finished at Fermilab.




