Jt B. Cox
L 3 T‘ I‘ze Fermilab F l;iced Target 2005 FNAL
Quark Flavor” Program Users Meeting
Results from 2004-05
Number of participants In analysis Number of papers™ 2004-05
~60  KTeV 6
~100 e Focus 6
~1 ; g e Selex 4
~J3/  HyperCP ]
307 22
Proposed (for CERN?)
Kplus??

* PRL, PRD, Phys. Letters.

[ Unique, clever, very different experiments to study s, c quarks ]
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KTeV
6 papers in 2004-05

~—Tl|]‘5 (T8}

CRIFT CHAMEER 1
E\

IIa. Realy
K, —»mtmy
K, —»n’n’y
K, =’y
K, »n’n’n’y

With NA48 and KTeV an epoch is closing

6/8/05

KTEV 33.

Kaons at the Tevatron

I.  Unitarity of the CKM matrix and V
a) branching ratios
b) form factors

II.  Decays of K, with real and virtual y’s
a) charge radius of the kaon
b) kaon form factors
c) CP violation

IIb. Virtual y

K, —n'were First
_>ﬂ0 0 ,+,-
KL +n eo e+ obser-
K; »nnn’ ete vations
K; »n'n'n ete
III. K, —eey

a) Branching Ratios
b) Form Factors
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A

Cimteaction @ & 1, A=7)V, s
Unitarity Problem \D)

@) (VT ) Y4

Yar s | = Vi Ve S

Mixing matrix

-, - The KTeV Resolution s 3
e of the CKM unitarity problem KTEV S5,

Kaons at the Tevatron

\b’/ Vi V

s

V /\b/

“first row”

V

u

is 20 different from 1 according to the PDG

Vot VvV, +V, V. #1.0

BNL E865 K*,; measurements indicate a value of Vus
that agrees with unitarity but disagrees with V , from K,

6/8/05

B.
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ot Determination of V,, by KTeV  KTEV d S5 a

N by measurement of K ; Kaons at the Tevatron
V . 1s determined by
KTeV measurements of rates KTeV measurements of form factors

'
o (14 8V, CIf7 (0)\1

I
I¢ decreased by 1.7%

I" decreased by 4.2%

G2M
©192%

N"J

I',; increased by 5%

I'y,; did not change
Short dist. New Long dist. ~ Form factors at t=0 (theory)
1.022 1.013 f.(0) =0.961(8) Leutwyler-Roos

Radiative corrections (theory)
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Components of the KTEv Eﬁ

Vus Calculation Kaons at the Tevatron

T
L. 2

To determine the BR(K ;) accurately enough, must
remeasure six main branching ratios representing
99.93% of the K, decays by measurement of the ratios

I“Kw/ INkes = T'(K —=tu®v)/ I'(K| —=m=erv)
[, o/ Tk = T(K; —=mnnl)/ T(K, —mte*v)
Lo/ Tkes = T(K —=1n)/ T'(K| —=mte V)
I', /[ Txs=TK, =) I'(K; =mte*v)
Lo/ Togo = T'(K —=nnY)/ T'(K; =nOntOrV)

Then I;=BR(K;;)/t, where T, is taken from the PDG

Note: made radiative corrections to K,; using KLOR program
(developed by T. Andre (U of Chicago)
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KTeV Branching Ratio
Disagreement with the PDG

KTEV 33.

Kaons at the Tevatron

BR(K,—m ev ) = 0.3994+0.0006+0.0034

L

— KLOE Preliminary —
—*——  NA4S Y
* KTEV —

PDGO2
:}41“ / 0.20

BR(K,—3n ") =0.2014+0.0003+0.0022

*— PDGOZ

KLOE Preliminary
NA4S
KTEV

0.22

KLOENre hminary
. KTEV ——
— PDGO?2 .
0.27 [};23 0.125

R(K,—n*nn"=0.1271:0.0004+0.0010

—*—  KLOE Preliminary

KTEV

PDGO2
0.13

]
nomm

/-

K,; BR’s changed significantly from PDG
but later corroborated by Kloe/NA48




KTeV Measurement of KTEV E

Semileptonic Form Factors Kaons at the Tevatron

t | B
Fr®) = F+O) 1+ Xy g + 50

St
L 2

where t = (P,-P_)?

t
fo(t) = f+(0) 1+4\0m

Chien 71 . ' Comakdeon T4 H—a—

Bisi 71 | c ' Biechanan 75 ,

Buchanan 75 !

Blumenthal 7§ +——o—+ =159 L

Gjesdal 76 o

Hill 78 r_c,_. _ Chiz &0 | >

Engler 78 H"3J I““[[g)

Birulev 81 R T D‘ne G‘!'S"g‘] S

CPLEAR 00 o ’t_'l.l..a_l nRDG MTEV I-l-l # Eﬁj NQKE

e, . 002 003 004 ~DIECISO-
0.02 0. 03 0. 04 0. 05 than E‘I_l,ﬁ.'ﬂ

K,; A, Form Factor K ; A, Form Factor |

6/8/05 B.Cox2005Fer___._ ____________



4 V., Jrom KTeV KTEV E

Kaons at the Tevatron

L 2

V., J\[[.(0)=0.2165 %= 0.0012 In particular, f,(0)
V,=0.2252 = 0.0008 (KTeV exp) £ 0.0021 (other parameters)

‘ 1-1V, 21V, -1V, 1 =0.0018 + 0.0019 ‘

‘ Best Fermilab Measurement of 2004!

In addition N,.is changed by the new KTeV branching ratios
 ZIsigma . Gewe%iger 74
uﬁﬁﬁ&ﬁ@ﬁw P— = :
ST o . Sttl{ o
22' | '2.|22‘ | l2.124l | I2.|26' | ‘2.:‘28‘ | '2.\3’ | '2.|32. | ‘2.34 Competltlve.

1000 x I, |
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KTeV Comparison of Real KTEV d g9 a

e and Virtual Photon Emission  Kaons at the Tevatron
in K, =nny and K; —=nny*

Real y Virtual y
B~y K; —~m'ete First
K, —n’n’y K; »n'n’ ete observations
K, —wwn’y K, —»nnl ete o
No result yet K; =’’’y K, —»n'n0n’ e*e: Upper limits

Motivations/observations

» Real photon emission processes do not include the charge radius process

» Both real and virtual direct photon emission processes accompanying
neutral pions are greatly suppressed relative to those with charged pions

6/8/05 B. Cox 2005 Fermilab Users Meeting 9
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Comparison® of
K, —»ntny and K; —=rctrrete

KTEV 33.

Kaons at the Tevatron

Decay Processes

Processes contributing to K, —nny decay
(real photons)

Internal Bremsstrahlung [ IB ] Direct Emission [ DE ]

Indirect CPV

CP-even M1 — CP Conserving

CP-odd E1 — Indirect CPV

CP-even
Even smaller

Two independent variables in K; — ntny

(cos 9;)m cuss (E })K CMS

6/8/05

Processes contributing to K, —ruree decay

(virtual photons)
e T
* -+ +
Ky — 'YE ¢ Ky ——G
g T + t 7 e
wt et

Internal Bremsstrahlung [ 1B ] Direct Emission [ DE ]

Indirect CPV
CP-even

M1 — CP Conserving
CP-odd

E1 — Indirect CPV
CP-even
Even smaller

Small, only few % F ive
K° Charge Radijus [ CR ] independent
e—i— CP Conserving . .
CP-odd variables in
K; — ny*®

Mee’ MJ‘l’Jt, ¢ K CMS»
(€0506,,) x cmss (€050, o0 crss

*Phenomenological model due to L.M Sehgal et al

B. Cox 2005 Fermilab Users Meeting 10



Kaon charge radius KTEV , S S a

from K, »n*mvete Decay Kaons at the Tevatron

St
L 2

Kaon charge structure can be measured from FF

_ K'=sd <r§{0> =1 [v2p(V)dV< 0

i
4'\6; was measured before

in K%+e" scattering

F¥ gcr ~ <?‘%(0>

— alternative measurement
can not measure Sig]fl

et

i) .
<-r;{,;]> is related to ms—my

6/8/05 B. Cox 2005 Fermilab Users Meeting 11



St

Amplitudes for Processes
Contributing to K, =y (y*)

L 2

KTEV 33.

Kaons at the Tevatron

Phenomenological model used for signal MC

[Inner Bremsstrahlung: gpr = |1 |e!(Po(Mk)+P+— Only present with
B M charged s
M1 direct emission: gy = 1|gM,\e‘ 1(Mzz)
E1 direct emission: gg| = —1%gm1e“p+—

Only in virtual
Y emission

[Charge radius amplitude: gcr = ‘gCR‘eiﬁo{M:ﬂr)]

dp and &, are phases of s- and p-wave nx scattering. We used recent
fits from G.Colangelo et al, Nucl. Phys. B603, 125 (2001)

lem1| is energy dependent:

aj/az
(M3 +Mg) + 2MKE;

lemi| = 8m1 |1+

Interference between inner brem and M1 direct

photon emission yields a large CPV effect
6/8/05 B. Cox 2005 Fermilab Users Meeting

Determination of
%70
\21/80i), ai/a,

from fits of the
K, —»ntmwete and
K, —»ntm vy data
and, in addition,
determination from
K, —»mtete
lg | charge radius
and a CP violating
asymmetry in
the ¢ angle

12




KTeV Comparison of |
# K, —»mtry vs. K; —=mtmwete KTEV 55,

Kaons at the Tevatron
M., and E (E )

K, —=mtmy K, —»mtmete First
Y observation
Em . “'_ K, —n'my o
111.4K g L ST 3 5241
& = 1000 .
candidates g10°; & candidates
(background i 2 o (background
67141 events) = 185+14 events)
Ry PTPYRTIOIY l.;lz N ~9%0 °2> CP
l Invariant a'nr Mass (GeVicD) . —— MeV/c violation
b) T — sind-cosap = 0
2a00f. — stnd-cosg < 0 BaCkgI'OU.I]

1750

1500 L

150 | }-;Ef'tlnf= 14.0/16

E 1250 .-:_ L]
- = 100F
500 -;:.
s sof
, B
, 1 1 1 1 1
E 0 50 100 150 200

Y .
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ot Results from the KTeV , a
2t KTEV .55

Measurements of Kaons at the Tevatron

K, = mtwy vs. K, = wttmete

Results from K, — ntrcy

Results from K, — n*mvete

Not quite ready for prime time

<lg.,I>1 Not quite ready for prime time

<r2K>= --------

<lg,;;I>| Not quite ready for prime time

gy = 1.11x0.12(stat)=0.08(syst)
a,la,=-0.744+0.027(stat)+0.032(syst) GeV?
8cr=0.163%0.14(stat)+0.023(syst)

g, /1g .| < 0.04 (90%CL)
<lg,,I> <0.03 (90% CL)

|<r2K> = -0.077+0.0079(stat)+0.011(syst) fin?

<lg,,I>=0.74x0.04 \

Radius of the kaon

6/8/05 B. Cox 2005 Fermilab Users Meeting 14




Charge Radius of the Neutral KTEV , §S a

Kaon from K, —rttmvete Kaons at the Tevatron

St
L 2

Charge radius FF and <fr§{0> calculation

lgcr| = 0.163+0.017(stat) & 0.023(syst)

H.Foeth et al, - lgcr| = —%E:RQK:J MZ
PL B30,276(1969 2\ ie KO
ez (R}) is K° charge
radius
F.Dydak et al, ] ]
NP B172,253(1976) = Previous published
measurements of (R%)
W.R.Molzon et al, are based_ on kaon
—i— PRL 41, 1213(1978) regeneration on free
electrons.
NA48
— EPJ C30,33(2003) NA48 and KTeV
measurements are
based on
KTeV +m—nta—
- This Result KL—nra~ere
B — KTeV Result 97+99 data

K’ CHARGE RADIUS [fm?] | <1, > = -0.077+0.014 fm’

6/8/05 B. LOX 2UUD rermilab USers vieetng 15
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I

1.5

1.25

0.75

6/8/05

K, =t y(y*) Measurements of
al/a2 and g,,, M1 Form Factors

KTeV 96 data: K, >ty

90% C.L.

(-

[

No correlations

KTEV 33.

Kaons at the Tevatron

F=ng1

N al/a?
(M,-M)+2M (E . +E )

—
IS
I
N

-0.7
a,/a,[ GeV?]

NA48 K, —mn*mete

KTeV 97 data: K, —»nt*mwe*e
KTeV 97+99 data: K, »r*mwete

KTeV 97 data: K; >ty

The ellipses are 90% CL

B. Cox 2005 Fermilab Users Meeting

16




CP Violating Asymmetry KTEV , S Ea

St
L 2

in the PA ngle Kaons at the Tevatron
A— Nsingeosp>0—7IN S@:mﬁcosqbczo—”i?i CP violation asymmetry =
Ningeosg>017 Nsingeoss<0—T - 13.6+1.4(stat)+1.5(syst) %
y2/dof = 22.8/19
10 3
S 200 M KTaV
@ ] & PRL 84,408(2000)
o
c |
T - NA4S
100 L EPJ ©30,33(2003)
KTeV
ij,f —— This Result
0 I i I i
05 -025 0 025 05 10 20 30
sing - coso

Asymmetry [ % |
symmetric background 7

‘ Second Most Cited Work from KTeV

6/8/05 B. Cox 2005 Fermilab Users Meeting 17




EVENTS

—
(@]

—_
o
n

10 ¢

10

10

w

St
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M

TT

KTeV Comparison
K; »mtenly vs. K, =»nrwnlete
nyy and E, (E..)

KTEV 33.

Kaons at the Tevatron

For photon emission in states which containing two
charged pions plus a neutral pion there is little theory

E,CM[MeV]

e DATA g e DATA
MC: BKGR u MG: BKGR
— MC: SIG + BKGR w 40
. — MC: SIG + BKGR
A t Ob Fll"St ’ 132 evt signal
IR rvati ] 1+1 evt bkg WL
H . s\%\\\\\\\\\.}\\\\\\\ servations! . §\§\§
e \ N ! 2 'l,--‘\‘! ‘ y
LSS\ S\ . “\&\\\\\\\ _,
: : : 05 0.55
M (J'IS+J'IZ'J'I§0}/) Mt
JTmree
— BR(E,>10 MeV) | _ ( ) v
T#, ~ s ChPT. ZPhysCresotioon) LA 1.56 % 0.07x10# >
e / Preliminary (stat only) =10 *} f‘*‘_.,._
s % ——
—- m i .
g T BR(E...>20 MeV) }/V ,
K, —»rny 4 1.60 + 0.18x107 K, —wtntete
| | T Preliminary (statonlyy .« 1
20 40 80 80 10 0 0.02 0.04 0.06 0.08
x 2005 Fermilab Users Mee Eoe[GeV]



e KTeV Search for KTEV E

e And Comparison of Kaons at the Tevatron
K, = 1’7’y vs. K, = nnlete

P. Heilinger and L.M Sehgal have investigated this modes theoretically

They find that the decay K, — n’n’y that, due to gauge invariance
and bose statistics, that the pion pair must have at least two units

of angular momentum, thereby requiring the lowest multipole for

direct photon emission (assuming CP invariance) to be E2

K, = n'n'y

K; = n’ndete

BR(K, —»n’n’y) <4.7x10"7 (90% CL)
(preliminary; statistics only)

BR(K, »n’n’e*e’) < 5.4x107° (90% CL)

Photon emission in K, decays accompanying two neutral pions

is dramatically suppressed relative to that in events with ' even

if a charge radius amplitude contributes to the virtual photon decay
6/8/05 B. Cox 2005 Fermilab Users Meeting 19




# KTeV search for KTEV E

K,— J'ITOJ'IZOJ'ISO}/ vs. K, — 'nt'nlete- Kaons at the Tevatron

For photon emission in states which containing
three neutral pions there is no theory

log,,(P3)
L J

0.475 0.5 0.525 0.55
M, [ GeV ]

No events in the
signal box

Oy
K; — n’n’nly K; = n'n'nt) ete
00t 29
BR(K; »n'n'nly) < 2; BR(K, »n’n'n’ e*e’) < ??
(no result yet)

(under study)

6/8/05 B. Cox 2005 Fermilab Users Meeting 20



1E-03

1E-04

1E-05

1E-06

1E-07

1E-08

1E-09

1E-10

6/8/05

St
L 2

KTEV 33.

Caveat
not all
photon E
cutoffs

are the

Summary of KTeV
K, — nm + 1(y*) Kaons at the Tevatron
K, »mtnaly

K, >y I

]

K, »n'n’y

K —ntmote

;v - K, st ete K, —»n'n’n’y

» The direct y emission of in states with neutral ’s

is greatly suppressed wrst states with charged pions
» The emission of a virtual y’s is suppressed wrst real y’s

same for
these BR

21



4 flev KTEV .55,

.. Kaons at the Tevatron
Motivation for the
Measurement of the K, —e*e’y

Branching Ratios and Form Factors

e The decay K, — p*u has both

short and long range contributions

e The short range contributions

_|_
f
can be used to extract |V | K, — uti- QED
e However, the long range contributions diagram
Jrom the K, —y*y* vertex must be -
subtracted. A precise understanding y*
of this vertex is necessary K, e

e The K, —y*y* vertex can be studied via

o
K; — ete ~ diagram
measurements of K, —e*ey and K, —e*e’e*e

6/8/05 B. Cox 2005 Fermilab Users Meeting 22



flev KTEV 33.

K, —e*ey Kaons at the Tevatron
. . Branching Ratio
No Transition Radiator cut Previous BR(K, —e*e"y) Results
N\ /With TRD cut
[ NA4E
104 11 R 1839
o 105 | T
G 1g e +
i E | 1 KTa
i _;9-5 g 2003
o b 92269 N
: . of
K, —e*e'y events [
[ - Mas
| B.5F | 1pea

e+e—y Dondidale Moss

BR Measuremamts to date

BR = 9.42+0.03(stat)+£0.07 (syst)x£0.27 (ext. syst)x10-6
(preliminary)
6/8/05 B. Cox 2005 Fermilab Users Meeting 23




KTeV

K, — e*e’y Form Factors

St
L 2

Very sensitive to shape of ¢> =M,

DIP version vector ff
(D’Ambrosio-Isidori-Portoles

2 2
q q
Fon (g =14 "‘D’P(qf BRI

49
-\t

oy version vector ff
(Bergstrom-Masso-Singer)
1 N 2.3a,.
1-0.418x 1-0.311x

4 1 B 1 ~ 2 )
3 1-0.418x 9(1-0.405x) 9(1-0.238x)

fx)=

where x=M?, /M?,,

6/8/05 B. Cox 2005 Fermilab Users Meeting

KTEV 33.

Kaons at the Tevatron

24



fleh KTEV 33.

e Form Factor Results Kaons at the Tevatron

Oy =-0.186+0.011(stat)+0.009(syst)
Oppp = -1.630+0.04(stat)=0.03(syst)

0.1}
o
I NAZ1 1880 KTev 2001 —t
a: K. —>e'eTy Ke—=u'uy ] KTeV 2003
)—]:—( KL%E*-E_'}J'
_-'D.E B . T ’+|
s KTeV 2003
1 — K—>e'e e’
| KTeV 2002
_{:] 4 :_ T KL% e+e—r‘:1_‘+"u‘_
T [ BNL-E845 . .
- 1990 NA 48 1999 Measurements in red
—0.5 ‘ K —> E:+E_"}’ KL_:’ e+E_‘}" are preliminary
—0.6 1

. Measurements to date

6/8/05 B. Cox 2005 Fermilab Users Meeting 25



E831

Focus s
6 papers in 2004-05

St
L 2

ST —  esy 1. Semileptonic form factor q°
s Spectrometer dependences

Target
Silicon

| 5 Beam

Direction
[ ] [ ]
M Lngger 3 II. D, lifetime measurement
Inner
Target Region O Outer _ Cerenkov Electromagnetic
ectromagnetic Counter Calorimeter M
, C 1 - t uon
Magnet ch 3 alorimeter pwc Hadron Hodoscone ° .
Outer Muon v g I11. Search for mixing and T

violation in D hadron decay

i Cali“me ter

Beam

puection N JV. Discovery of new Cabbibo
favored D decay channels
D’—K K X

Trigger _A|

T PWC. Hodoscope

Trigger
Hodoscope

Beam
Calorimeter

Muon Filter

Straw
Tubes Cerenkov
Counters

Magnet

V. Search for the pentaquark

. . . I.1.Bigi ‘Charm physics - Like
The quintessential charm experiment Botticelli in the Sistine Chapel’

6/8/05 B. Cox 2005 Fermilab Users Meeting 26
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Focus

Semileptonic Form Factors

E831

S

The matrix element including the f, and f. form factors

M =G,V [f.(@)P, +P), + f (@ )P, - P,y A-y)u,

resulting in a differential cross section for the decays

2
ar G, |, p » (W, -E, L ,
e AL ACR R ) q°=(Pp-Py)
b 0
2 2 2 2 2 2 2
Lo M m? 4 2m B )+ 2 ey L Mo mKRe(ﬁ<q2))+1m; JTACE)
. P R 4 mp f+(q ) 4 +(q )

where

W,(m,, +m; —m’)/(2m,) F,=W,-E, +m/Q2m,)

The form factors are taken to have the following forms

Pole form: f.@)=

1.0)

1-¢° /m;k

[

Modified pole form: 1.@)=

l1-g’/m’ YA-aq”/Im.)

6/8/05

B. Cox 2005 Fermilab Users Meeting

27




Focus E831

Semileptonic Form Factors S
Focus data
Extraction of ™.
Jrom D’ —mutv
m,,=1.91 * +0.07 GeV/c?
f.(0)
1300 e | Extraction of ¢y "w and o
1::' ol +=. from DoéKﬂ-hU
E 1
g
o T | m,,,=1.93£0.05 £0.03 GeV/c’
2 Q
% as 1 R Y 0=0.36+0.1 0"'33;
¢ £ (0)=-1.7 |3 0.3

6/8/05 B. Cox 2005 Fermilab Users Meeting 28



Focus . E831

Semileptonic Form Factors S
» FDCLE — poia =],%3
- = = moddipha = 028 & hep-phMOAI0S
15
2
- : Comparison of f,(q°) behavior
with Lattice gauge prediction
1
[ 1]
o T T
) -7 3 4 1 15 2
q (GeVld)
% F1)
- o
3 2 L __5 LE E Comparison of pole mass
§ ¥ e For D"—K'p*v with previous exp.
E s . - - -
2. B ¥ i
14 E

6/8/05 B. Cox 2005 Fermilab Users Meeting 29



Focus %; | EB;
Dt Lifetime / '\

(@)

T=507.4x5.5(stat)£5.1(syst.)fs

/)

Se

—(1020)m

from a combined
8961105 events D,—@(1020)7
4680+90 events D.—K'K

\ backgrounds

a 03 1 13 2 23 3
t ips)

Events/al fs

wD*)/ (D) = 1.239+0.014(stat)+0.009(syst.)

6/8/05 B. Cox 2005 Fermilab Users Meeting 30
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Focus

Search for Mixing in Charm

in D°—K*rt Decay

 Use the D**—D’x*_ decays to tag the produced D’
e Determine the D° flavor by using the Cabibbo favored decay D’—K-tt

E831

* RS =right sign decay is when the K has the opposite charge from the slow n
e WS = wrong sign decay is when the K has the same charge as the slow ©
(the DY can also decay into a WS K*n- state in a doubly Cabibbo suppressed - DSCD)

* 3D fit of Ry, = wrong sign decay rate [(M(D’), Q(D*)=M(D")-M(D°)-m_]

CP conserving —>

Ry (1)=€"" (R, + @y’l‘t + %(x’2 +37'2)F<

DCSD Interference between
DCSD and mixing
R, = ratio of DCSD rate x' = %cos S, + g—ﬁsin S,
to Cabibbo favored mode AT AM
y' = B O — = siné,,

6/8/05

B. Cox 2005 Fermilab Users Meeting

Mixing

Oy.= Strong phase
between DSCD and CF

31



e Focus \.V[ ES31
* Results for Mixing in Charm B//'

in D’—K*m Decay

1z —e— Fit C" (CP conserving)
E 10 —-»- Fit D" (CP viclating)
= z neiem Fit E' (CP violating)
q&q .I R o e e gy II-'IIIII'IIIIHI:.:.
Fit CIC’ L | =
CP conserving g 2
I|-: ol
g 2
5 4
= s
3 4
_h_ ID h
12

no x’? > 0 constraint x’? > 0 constraint
Ry, = (0.381+416] +0.092)% Rp = (0.3953843% +0.069)%
x2=-06% y?=10% x2= 0% y?=0.5%

6/8/05 B. Cox 2005 Fermilab Users Meeting 32



# Focus é\@?

T-violation in Charm Decays / |

In the D’—KK *mrxt decays a T-odd triple produce of momenta can be formed
C,=(p,. *(p..xp_))

Under time reversal T one has C;, — - C

But C, = -C, does not necessarily establishes T violation.

Time reversal (T) is an antiunitary operator (no eigenstates of T) so the D? is not an
eigenstate of T and C, =-C, can be caused by FSI. In contrast to partial width
differences, FSI can produce a T-odd correlation with T-invariant dynamics.

This ambiguity can unequivocally be resolved by measuring in D°—K K *mwr*.

C,=(p,. *(B, xP..))

Finding C[ = - C,establishes CP violation
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Use D**—D%%* to distinguish D? from DY

(H

el

Events/(4 MeV/&)

Events/(4 MeV/c?)

St
L 2

70 F

B0

50 |
/Loi
30 f

20 ¢

10

T Yield = 17421

a)

18
KKTn"

1 9

Mass (GeV/cz)

C Vield = 255+ 24

c)

6/8/05

. 2
n* Mass (GeV/ic?)

Preliminary results on T Violation

Focus E831

In three charm decay modes

70 F

60
50
40 ¢

30

AH erfrﬁ J

) .
1.7

20

10

| Yield = 190+ 24

b)

L

|

mﬂ@ﬂ%

KK*‘:cn

Mass (Ge V/02)

E Yield = 220+ 25

WL 5 ﬁjL

d)

2
s (GeV/iD)

D'—-KK'n'm,
D*(D) — K'K*n*n

I'(C;/>0)-T'(C,<0)
I'(C;=0)+I'(C,<0)

AT

I'(-C;>0)-T'(-C,<0)

I'(—C;>0)+I'(-=C,<0)

A

Tviol

=1/2(A, — A4,)

Az, (D) = 0.010 £0.057(stat) +0.037(syst)
Apioi(D?) = 0.023 £0.062(stat) £0.022(syst)
Apii(Dy) =-0.036 £0.067(stat) =0.023(syst)

No evidence of T violation
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6/8/05

Observation of D,—K (K X decay channels

First Observation of D’—K K K*n~

Focus

ot No soft pion cut
5710 evts
[ DY—K K K*nF

Talge S711]

M(K K K*7F)

il 71 Bl " ]

7.2+3.4 evts
Soft m cut
Opp. sign K-

D’—K K K+

by

M(D™-M(D")

L ) 6.8+2.9 evts

Soft m cut
Same sign K-

D'—K K K+

, (i
M(D™-M(D")

Separation of D’—K’; K K*n and D’—K’ K  K-w*
By use of the charge of the soft pion from D*—D'n decay
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Focus \M{ E831

Other D’—K K X modes // s

!
170426 evts 7917 evts 113+21 evts
.H'l:l 1

|

mf ool

W o e

e ] B P

Tadd= Li0iZl

S

D0 _,KO KO:“;(O ' Tl
T D'—K K vt
Decay Mode This experiment PDG 2004
D = KKK ') 0.0106%0.0019+0.0010
F(DO — I?On+n—) o Y _—J
(D’ — K°K°K"
r (0 S — 0.0179+0.0027+0.0026 0.0154+0.0025
(D" —=K'n'n")
(D° — K°K")
D’ —K'n'n) 0.0144%0.0032+0.0016 0.0119+0.0033
I(D" — KK n*n")
(D’ — K’n'n) 0.0208+0.0035+0.0021 0.031+0.010+0.008
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£831
Focus s

e
L. 2

Search for the Pentaquark

Evidence for Penta-Quark States

S riag R FHARLA Ll
r

ELds COF Y -TiOF
i ”
1 g
! III :
r L} 1
2 Jnlf':'a-":_ = ]
i il i'lll. [ ]
'1‘ E ] ] I :
4 HERMES ' e xR
T T T T T T .
oL T -

CHRM A

Mainad
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Focus

E831

Search for the Pentaquark

Eﬂnﬂ-ﬂ
a I.l* I.!H . :mil‘:-ﬂ.:: :I-" ﬂﬂ'!:..‘. I.I'I ;!:{b :.:I-:l II. ﬂ-x-ﬁl...ﬂ
Fig. 1. Fit to M{pi ) in search for @{1540)" < pi L.
S N
5 suof
" [ O(1862) " signal:
5 HOF Gaussian at 1862 MeVie’
o f with 0= 6.05 MeV
oce
oy
Backeround:
. @ explaeg’sdg’+eg)
[ wher q=ME 1) -m(E) -m(n)
.IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
L R LR R S R X B
: M(E™) Gelle
No evidence for a E
state at 1862 MeV/c?
6/8/05

No evidence for a pK'
state at 1540 MeV/c?

-

Evenls / 10 Meb/ef

e.8 3.0 3.2 3.4
MWD pt + D7), DY o+ EBw, Ge¥scd

No evidence for a D*pFor
D** p¥ state at 3.1 GeV/c?
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JE.

Selex
4 papers in 2004-05

L 2

Selex (E781)
" Proton Center Layout
e oooo0g E
FC3 |PC4 °
iDElDIﬁDE: J— y I. Observation of the E*,
_EI =
— S5oAlc nEm Double Charm Baryon
F“‘“‘ | imm)|
- n - an - e I1. Observation of D (2632)
Vertex HeQion 25 |.m_1pilch !ll'nels_lcticn
Zumpich 5t Boem  Fumpch XS it
)([Dm]_ detectors Xy 3uv ¥y 4 uv v 5 oux
) xy Tuvw zy 2uvw
Loy | ‘ m II1. Q. lifetime
1]
24 Targetz
Cu Diamond
Semainators
-2 -0 0 10 20 0 ag Z[cm] 30

An original experiment using an original 3 and v and proton beam

6/8/05
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SELEX

# Selex

Observation of the Doubly Charm E*,, baryon

- Mean 3520 MeV/c’ ARt S @ pD'K
T ¥ ¢ = 4T peakmass: [| 4-bin Poisson Prob
, [ signali(back) Sasf 3516Mev ||| <64x10”
F17.9W(6.36) = 7.0c Prob. <3.8x 10° g 5 i | L/oc>1.0
C W N
25L
Using the 600 GeVic ,;
Hyperon Beam ¢
1]
0.5 i
‘.2".46 3.48 3.5 3.52 3.54 3.56 3.58
M(p D' K)
— + 1 -
ce & ..—~pD’K

Mass E*,, =3518+1.7 MeV/c?
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Selex

e
L. 2

Observation of the Narrow Charm-Strange Meson D ;*(2632)

“Known” DJ+
’ S.
- Din Mass 2635.4 +3.3 o ¢ {
SEIRNE <~ 8 DK
2 15¢ > Mass 2569.9%4.3 2631.5£1.9
< 20 - n %
= [ 10¢ = 6
L1715 d <
5 i g
z 15 3 z 4
: o {
125 | 5..{.1......|J.{.H
: 550 650 750 430 950 2
10 |
75 | 0
: 8 b) DK
5 - 6 r
25 | ol II IIIl"I“ "I "I
L 27
0 =00 300 1000 1200 1400 O500 550 600 650 700 750 800 850 900
AM = MK*Kx" 1) - MK K7 MeV/c? AM=MEK='K)-MX=a")  MeVic
+ + + 0K+
DSJ éD Sn DSJ éD K
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Selex

The €2, lifetime

Using
83+19 events from

i
|
Q
S
2|

@ — Q T E
X, — . E
- &P -6t
\ M
RN

() = 69.3+14.4(stat)£8.69syst.) fs
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# HyperCP '.'_:

6 papers in 2004-05

The HyperCP Spectrometer 1. Search for novel CP violation
e S in & and A decay
ar
- | =
- Al © I1. Evidence for the
° ° fﬁ E °
231 billion events Vv I d J i
7 || |z ey Zeppp
A - -
ﬁ ﬁ .Ff _'_,_-'-"""-'_ éﬁ
|11 -t II1. Search for the pentaquark
Z7Z f,—-f"" - Hodoscope
ii ' IV. First Observation of
? ? _h-hhh‘_“_""'--E____ . . ° . ° _
55 ] § parity violation in £ —AK" decays
g 8858 o
EI “” } : V. Measurement of the parameter
a nalyzing =
Sm s Opposle-Skn  Hadronlc ﬁl a for the Q 9AK- decay

Hodaoscops Calodmeter {H

An original, unique and very high rate hyperon experiment
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e HyperCP
L 2

A very high rate experiment

!

—
=Y
—

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

1000 ¢

_1EN}
- g E
8 100 > 1E10]
8 7 o
@ £ 1eol
B g |

“ gl

Aleph
Babar
HyperCP
CDF
CmMs
Aleph
Babar
HyperCP
CDF
cmS

Entire WWW on 9/11/01 was 5 1TB!

Reconstructed Events

{E. Auge, BPS 2001)

Channeled beam polarity

Type + - Total
= — Ar 458 x 10° 2032 x 10° 2490 x 10°
K — mrmr 391 x 10° 164 x 105 555 x 106
Q— AK 49 x 10° 141 x 10° 19.0 x 10°

6/8/05

0F — AK

B. Cox 2005 Fermilab Users Meeting

Think

back to the
discovery
of the &
in the 80”
bubble

x 105
1400 [ -
! E, 2.07 billion
1200 L =t 046 bu:-_a-:
Wt 0= 1.6 MeVic?
= 1000 |
- C
¥ =00 |
= 60 [
& :
S |
200 [
i} ———__ N BT I
1310 1315 1320 1325 1330 1335
Invariant mass of pree (GE‘.’.-':‘E'}
x 102
10000 F
[ £, 14.5 million
a00 [ 3", 5.0 million
a, o= 1.5 MeVic?
T |
;_"5. L
gt
i} |
2000 [
I:- L FE R IR )
1660 1665 1670 1675 1.680

Inwariant mass of Epr [Ge‘.-'-‘cz'j

\_.chamber)
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# HyperCP .

CP violation Search in charged E Decay

Azy = 2220~ 929 10.045.1 (stat) 4. 4(syst )] x 10~
amop + T=ap
e ~10% total data sample. PS185 E756 HyperCP
e 118.6 million ==, 41.9 million =*. 0.03 A AL AL
e Expect 3x improvement with full dataset. A T =A =A
e Constraining beyond-the-standard-model pre- 0.02 |
dictions which are not well constrained by kaon
C'P measurements as hyperons probe both par- I \
ity conserving and parity violating amplitudes. 0.01 -
excluded by « for LR=RL case = j'-':‘ [
107 = E 0 3
HyperCP_~¥ = z
Limit B o E‘gi £ I
% 10" 8 = 001 |
: P g ‘
= = _r -
105 :; -0.02 -
=
107 10° 10 oo3 L 0
|(e'/e)5usy| 1995 1997 1999 2001 2003 2005
PRL 93, 262001 (2004). Year

Most sensitive search for CP violation in hyperon decays by a factor of 20
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# HyperCP

> This needs to be confirmed!
Observation of rarest baryon decay to date
6/8/05 B. Cox 2005 Fermilab Users Meeting

f

Evidence for the Decay 2" —pu*p

:} {::l:::] [:

e Three events represent the rarest decay of a

baryon ever observed:

B

(Z% — putp) . J |
| L _E'h'_' ) 5.5( ot —3
B(Z+ = all) [8.67574(stat)£5.5(syst)] x 10

e Narrow dimuon mass, m = 214.340.5 MeV, sug-
gests decay procedes via hitherto unknown par-

ticle: could it be the pseudoscalar sgoldstino of
Gorbunov and Rubakov?

XT — pP' — pptp”

e PRL 94, 021801 (2005)

Events/i MeVic’

Eventsii Mewic®

E
]u 93 .

r—
|
—
BICT | ’ | (c)
"1 ]
: [ T T T T T T T
'H:I !'_: 1180 115940 13 1 D 15040 14000 15050}
1 (a)
10 %4
10 - l

® [l

2125 218 2178
M| (M)
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ot HyperCP z

e

Search for the 60 *(1.54) pentaquark

e Pentaquark: exotic five-quark particle e Search mode: pN — 67A, 87 — Kgp.

predicted by Diakonov et al. in 1997, A—=pr, Ks— 7™

e HyperCF: excellent mass resolution

Anti-decuplet fﬂ,ﬂgﬂ} largest Kg sample ever taken.
e One of the first of many null results.
N(1710) e PRD 70, 111101(R) (2004). .
udd(ui+ss) uud(dd+ss) (3 Monts Caro No evidence for
4000 the pentaquark
£(1890) o~ 1 P K0
dﬂﬁ[uiﬂ;} LJUSI:dH'FSE:I %UJ 2000 4 6+(1530) K Sp
= ]
=:(2070) = w(2070) 2 0 - ———
ddssi uussd P 1 (b) Data wlidaf = 17
dss(u+dd) uss(uT+dd) = 2000 - Fi™= BRSBTS,
= Py = 1?_5]5 + 18
e Three states in Anti-decuplet have exotic & ] P4 = -1630¢ 2 510
quantumn numbers: §7(1530), =3,(2070), . 1000 -
E372(2070)
e Many reports of pentaquark states in 2003 11
2004, COF T

145 15 155 16  1.65
K’ Mass(GeV/ic?)

Very high statistics pentaquark search and one of the early null results
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HyperCP

First Observation of
Parity Violation in & —AK" decays

— AR~ — nK—7~
LU [P [ U U S e

4+t

SR EERIERNI NN RN RRR T EENE ARRE FERE RN
1.0-086 -06 -02 -02 00 02 04 06 08 1.0
coaf

it - AKt — pK*tnt

1.0 -08 -06 -04-02 00 02 04 06 08 10
cogh

T
Y 7
—
HyperCP (1999) | -
1,890,000 _ Note th‘f
FNAL-756 (1998) /T/ very precise
1823 = measurement
HyperCP (1999) | . l —
4,500,000 v of o and o
H}"p-E'I'CP (1997 | P for the
96,000 —
FNAL-756 (1998) | - $ and
6953
FMNAL-620 (1958) "
1743
CERN (1984) |
12,000
; L1 1 1 | | -
01 005 0 005 01
L
e No evidence of CP violation in 2~ /TF decays.
¢ Most precisely know alpha parameter.
e 97: PRD 71, 051102(R) (2005)
¢ 99: to appear in PLB
48
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Kplus

The future???

K* Apparatuas

u .
+ ¥3.0 3-jan-04 psc
00 — C K
- e
C d s b
- Forward
=0 Csl VBio
L — Wacuum
L Weto
L Pion
. Kagn RIGH
L RlaH 1 atm Beam
- 1 Neon Durmnp
B0 — atrry
C He
o — L et |
C Nt | B
- o
-5 230 MHz Beam
- 27-52 GeVic
- 10 MHz K7
L o5 MHz "
Y R 125 MHz p
C | Bearn
L LIMF‘S't rearm Interaction T
L agnetic Weto
_180 Spectrometer

Downstreamn
Magnetic
Spectrometer

N e | e el N T
—= ErT |

o 2500 L0A  F5H00 10000 12500 15000 17500 20000

Objective: A measurement of K*—m*vy

Will NOT be done at Fermilab

Outsourced to Europe??
CERN (NA48)

Will the US be allowed
to participate??

BR(K*—m*vv) ~ 10°19

Unseparated beam
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ot Kplus oK

“The Physics is Compelling...” t
Fermilab PAC
April 2005

* B physics has been probed at the scale of A? and A3 and there is no clear
evidence today for new physics.

o  K—mvv decays are highly suppressed (A°) and represent an unexplored window
for new physics that could be relatively large in s—d transitions.

 New physics at the LHC will unfold like the top-quark discovery...evidence for
new states but little information about the new flavor structure.
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-
N Kplus :

Pro’s/Con’s for FNAL Pro’s/Con’s for CERN

Pro: # of weeks per yr of neutrino

Con: fewer # of weeks per yr of
Running allows longer running

running

time for parallel fixed target running

Con: neutrino running permits no Pro: support of CERN and

time for parallel fixed target running the European community
Pro: 230 Mhz unseparated beam rate Con: 800 Mhz unseparated beam rate
And longer running time allows and shorter running time results in
much lower rate on beam ID/tracking much higher rate on beam ID/tracking

Con: 35-50 GeV/c beam has 4% K+ Pro: 75 GeVic beam has 6% K*
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Overview of the In preparation =

* evolution ( in{felligent design?) Running .
e of the “domestic” flavor program In analysis —
1996 2005 >2010
KTeV > >
Focus > > No domestic (US)
HyperCP > > heavy flavor activity
Selex > > except for continuing
E791 > analysis of CDF, D0,
CPT ¢ and Babar
KAMI <
I(;‘I;é\‘l/ > - The LHC collider program
except for LHCbD are not well
Kp lu.s — suited to study s, c, or b decays
Kopio » 222
CDF/D0/Babar P¢ >

Only LHCb, BES-III, JPARC K, — n’vv
(and perhaps NA48 K*— wttvv ??) left standing
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Jt
e Summary AL

o The Fermilab (and US) fixed target flavor program has had a long and
[fruitful history with many outstanding discoveries such as the b quark.

o The latest iteration of that program has continued that tradition with the
CPV and other kaon decay measurements of KTeV, the charm discoveries
and measurements of Focus and E791, the intriguing states observed for
the first time by HyperCP and Selex, work that will not be confirmed.

* An important observation is that all of these experiments are still vigorously
analyzing data and will be for some number of years as evidenced by the 22
PRL’s, PRD’s and Phys Letters produced this year alone

e The future participation of US physicists in strange, charm and beauty flavor
physics seems problematic with the demise of Kami, CKM, and BTeV and the
outsourcing of Kplus to CERN, the truncated running of Babar, uncertainty
of KOPIO’s future and the limits on US participation in LHCb

If full participation in off shore experiments. is supported, then there
can be a future for US physicists in strange, charm and beauty physics!
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