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New results
Recent results
A glance to the future

The choise of the axis: 1) the1’s: Vus
2) the 0’s : CKM, rare decays,
P-T-CP violations,
several new observations of rare decay
3) kaonic “atoms” and Hypernuclei
4) thanks......
5) good lunch!



Determination of |V | in Semileptonic K; Decays

=t o102 oty
+ + YERRSEYE

T T

t
2

f.(t)=f (0)] 1+ KTeV measures
0 + 0 M ’

KTeV measures form factors needed
B(K; —»>mev) and  wheret=(R -P,)*=(P,+P)"  to calculate phase
B(K; —>nuv) space integrals

N

2
FK% — 19272_3\SEW9+5|%)‘VUS‘ f+2(0)|é

?

Rad. Corrections
(theory)

T

Form factor
at t=0
(theory)

. an earthquake in the KL system.....



Comparison of KTeV and PDG Branching Fractions
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An earthquake in the B.R........
Nice work....well done



Branching Fraction and Partial Width Results

Decay Mode | Branching Fraction |T", (107 s71)

K, >mev  |0.4067£0.0011 0.7897+0.0065

K; —>muv 0.2701£0.0009 0.5244+0.0044
K, >nnn® |0.125240.0007  |0.2431£0.0023
K, >m0n0n0 |0.1945£0.0018  [0.3777+0.0045
K, >ntn | (1.975£0.012)x107 | (3.835£0.038)x 10"
K, >n0n® | (0.865£0.010)x107 | (1.6790.024)x 10"

Partial widths use K, lifetime of 1,=(5.15+£0.04) x10~8 sec.

NA48 preliminary ....Ke3 B.R 39.5 +-0.3 +-0.3




Semileptonic Form Factors:

x5 more precise than PDG
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Form Factor Results

= #

Parameter | Value (x1073) 4
AL 20.64 £ 1.75 3
7\‘-1—” 320 i 069 2_: = Average
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Consistency of Branching Fraction and Form Factor
Results with Lepton Universality

GéMi / 2 ¢2 /
1927° SEW(1+5K)‘VUS‘ 7Ol forK and Ky

{Fm} N AN
Ckes loren 1+0; )\ 1¢
x \

1.0058(10)  0.6622(18) from KTeV
from Andre

2
r r u
{ K3 } / { K3 } —0.9969 + 0.0048 = (G'Z )
FKe3 MEAS FKe3 PRED GF

Same test with PDG widths and FF gives 1.0270+0.0182

Compare 1, ,; =




K—mev

Branching ratios

BR(K; — me*v) = (3.54 £0.05, + 0.05__) 10

tat — 5
BR(K; — nrev)=(3.54+£0.05,,+0.04_ ) 10+

stat — 5yst

BR(K — mev) = (7.09 0.07,,,,+0.08, ) 10-*

stat =

Charge asymmetry

A; =(3.3221+0.058 £0.047) 10 [KTeV 2002]
A; =(3.317+£0.070 £0.072) 10 [NA48 2003]

A =(-2%9,,%6_) 103

SYst

Test of the rule AS=AQ  Re(x.) =(-0.0018+0.0041.,_+0.0045__) CPLEAR

staf syst

Re(x.) =(0.013620.0031
Re(x.) =(0.0017£0.0029

£0.0029,,.,) with PDG BR(K; »7eV)
+0.0029, ) with KTeV BR(K; —7ev)

stat

stat




Ko—mev:V,

PDG 00— 0.2122*
| 1212
F865 K | = . 0.2195*

L] L 1

* From kTeV

PDG —o— (.2097%
KTEV : —8— 0.2165%
KLOE Kg —— 02157
142

AO)(1-Vgf-V o)
Leutwyler and R oos = Unitarity limits
Bedrevicet al 0

0.21 0.215 0.22 0.225

VI ,(0)

V(K )T K0, (0) = (0.2157£0.0018)



|V,.| Results

=0.2253 £ 0.0023

us| o

=0.2250 £ 0.0023

us|

= 0.2252 £ 0.0008 1, + 0.0021 _,

us| o

For K, —>mev: |V
For K, »nuv: |V

A%

KTeV error: branching fractions, form factors

Ext error: £,(0), K, lifetime, radiative corrections

L= (Voo "+ M| +Vas|") = 0.0018:+0.0019

KLOE and NA48 will folloW?....ccccceceeeacnee
x%‘



K, lifetime

14.510% K, »a°2’ 2’ events

Events/ 0.3 ns

x 102

SCoE _ ?m as;um.ru: T (hL} - ('” :l:{"zusmt) ns
. : -
T (PDG) (fit) = (51.7 = 0.4) ns
1500
Jas0 b PRD 6 (1972), 1834
- - The study of the systematic error
L 75ns : must be completed.
"L (50 cm) 23.6 ns It includes
500 [ (158 cm) * the estimate ofthi:l backgt:ound
s b i : * the photon detection efficiency
r i i * the time-scale calibration
gpeepMpapn e o ntnn data and MC comparison.

T (ns) Systematics < 0.6% at present
limited by MC statistics.

* K; decays: measuring all BRs. Statistical accuracy at 0.1%. (..as in KTeV..)
Systematics affects mainly absolute BRs.

* K= semileptonic: statistical accuracy at 0.5% , but dominated by

MC statistics. Systematics under study.



V.s coupling constant

128 73T (KO 1
|V“5|:\/G2hﬁ[ﬁ S( E?} £.(0 (18)
F Yo R EW1LK? +|: ]'

Spw = 1.0232,  Iyxe = 0.10339 £ 0.00063

Radiative correction acc. to Cirigliano

Number of K3, events inside Dalitz plot
Number of all K5, events

= 0.99423 (19)

f+(0) =0.981 £ 0.010 ChPT, Cirigliano et al
f+(0) = 0.965 £+ 0.009 Lattice

fo(0) =0.973 £ 0.010 theoretical average

H':_’ﬂ, decay e and couplng | Vi, g | —027

Decay rate

[(K.3) = B(e3)/7(Ky) = (7.67T£0.10) - 101 (preliminary)



Vs coupling constant

|"1.fuﬁ| = 0.219 + 0.0015(exp) £ 0.0022{theor) (20)
=0.219 £ 0.0027 (preliminary)

Vdl? + [Vis|? + [Via|? = 0.9963 £ 0.00155 (2.4 o from 1)

NA48



T decay (Vus) Jamin et al.

m, from sum rules or LQCD
as input, may become
competitive with B-factory

results. At present
oV, ~0.0045, low values

Hyperon decays (v,.)
Cabibbo et al. have revisited the subject
focussing on vector form fact.
0V, ~0.0027 (exp) but O(1%) or more

SU(3) breaking effects NOT included,
lattice?

A using f_/f, from lattice Marciano (2004):

DK — pru (7))
F(m — (7))

. 2
%) 0.9930(35)
)t R.C.

Use LQCD for £ /7. Present MILC result 1.201(8)(15)
Staggered fermions, partially unquenched. From there we get

A= 0.2238 + 0.0003(exp) + 0.0004(rc) + 0.0030(lattice)
Compatible with other determinations. MILC error debated.

Great potential for improvement



CONCLUSIONS

¢ We presented a quenched lattice study of the K—1 vector
form factor at zero momentum transfer

¢ The calculation is the first one obtained by using a non-

perturbative method based only on QCD, except for the
quenched approximation

¢ Our final result, f,(0) = 0.960 + 0.005,,, *+ 0.007_, is in good

agreement with the estimate made by Leutwyler and Roos and
quoted by the PDG

¢ In order to increase the accuracy of the theoretical
prediction the most important step is to remove the quenched

approximation b
A\
\)0



THE 0’s



Conclusions from NAA48- rare decay

@ First observations of the K—»n’ete”and K —»>nutp-
decays:

BR(K;—>7%%) = (3. 83 §

2 [PLB576 (2003
o T 0’83yst) x 10 | (2003)]

BR(K;—>7%u*1u~)= (293; + O.ZSyst) x 107

stat

@ Branching Ratio measured for K; »>e*e e*e"

BR(K,— e*e~e*e”) = (3.30 £ 0.24,,,+0.14_,+0.10_ ) x 10"

Sys

DA®NE 2004, Laboratori Nazionali di Frascati, Italy



Upper Limit determination

& We derive from our analysis:

N31r
BR (K, > 3m0)e o) 2023 2.1x107 @90% CL
(Ks > 3m )-NZ—BR(KS—>21T )= 35 2eige <0314 < &. 0
€2n

This improves of a factor ~70 the previous limit.

& Using this upper limit we can calculate some parameters
directly related to CP and CPT test.

Using PDG values and our limit:

<0.024 @90% CL

‘nooo‘= - Tg BR(KL —>37To)

A(Ks »>37°) |, BR(K;—37z°)
A(K, —37°)

&This limit makes completely negligible the contribution of this decay on Im(8) reducing of a
factor ~2.5 the uncertainty on Im(3)

20/02/2002 DA®NE 2004, Laboratori Nazionali di Frascati, Italy 20



Branching ratio & Confidence level

e £949 result alone:
Br(K" — z*vv)=0. 96*3 ?,3 x107"? (68% CL)

e Combine E787 and E949 results
—> increase statistics

Br(K*" = 77 vv) =147 x107"
(68% CL)

E787 E949
N, (10 ) 5.9 1.8
Candidate E787A | E787C || E949A
S, /b, 50 7 0.9 ,9'95 108 2000 2000 2004 2006 2008
W, 0.98 0.88 0.48 Yeor

E949(02) = combined E787&E949.
(Wi =S, /(S; +1b,) : signal contribution to Br(K* — 7 +V17)) E949 projection with full running period.
(~60 weeks)

DA®NE 2004, Laboratori Nazionali di Frascati, Italy



E391a http://wuw-ps.kek.jp/e391/ at E-Hall

the first experiment dedicated to K% — 7%
e Japan: KEK, Saga, Yamagata, RCNP, Osaka, NDA, Kyoto
o Russia: JINR
e USA: Chicago

from e Taiwan: TNU

e Korea: Pusan

Future Kaon program at KEK/J-PARC

BRAE v
R

Takeshi K. Komatsubara (KEK-IPNS) i R
9 June 2004 DADPNE2004: Physics at Meson Factories . i

Takeshi K. Komatsubara (KEK-IPNS) 4 GINFN Frascati, 9 June 2004

E391a Data Taking (from 18 Feb 2004)

— E39].a Entcslen 511

o) 22.5 - =

The KIJ TC VV queSt. XXX Ev size Bytes 6K ”22 s s

ADCs 15 o i

has Startedooooooo ]2:5
Tr rate Hz 500 7:: _
Data flow B/spill | 6M . “ -
-0 Mﬁ‘l’n‘r“n I
B/Day 120G . 0.5 :1 5| K?, — ?TOTFD

KOPIO .......

1200

1000 M} P
Boo

600 il

KO 0.0.0 0.4 0.45 0.5 0.55 0.6

Takeshi K. Komatsubara (KEK-IPNS) G @INFN Frascati, 9 June 2004

DA®NE 2004, Laboratori Nazionali di Frascati, Italy



0°s or very small.....

T- KEK E246
P- Hyper CP FNAL
CP-

DA®NE 2004, Laboratori Nazionali di Frascati, Italy



C. Rangacharyulu
Saskatoon, SK

- Stopped K* experiment with a SC toroidal spectrometer
-  Measurement of all decay kinematics directions
— Double ratio measurement with small systematic errors

History

1992-1995 : detector construction
1996-2000 : data taking

1999 : first result published with 1/4 of data

Im¢& = -0.023 £ 0.007(stat) + 0.003(syst)
[M.Abe et al., Phys.Rev.Lett. 83(1999) 4253]

2001-2003 : analysis
2004 (this conference) : report of the final result

By products:

« Kf>utvy @ P =-0.0064  0.0185(stat) + 0.0010(syst)
[V.Anisimovsky et al., Phys.Lett. B562 (2003) 166]



K,; decay form factors and
T violation

o oy T ~ g2y = ~
Su- (rx pu) M= fu(g*) 12 pg wya(1-ys)u, + (S(g7) - Dmyin(1-y5)u,]

Pr= A= flg)!fg)
| Prox pul
/ T-odd correlatior my Ipul
- : PT ~ IIII(E_,) m )
PY"""" (Final State Interaction)[ = very small | K Ey+ lpul myny - gl mg
Pr #0 — T-violation Im(§)#0 +— T-violation

History of K ; transverse polarization experiments

K -7 v Bevatron 1967 Im&=-0.02 £0.08

K —»7 v Argonne 1973 Im&=-0.085 £0.064
*K =7 u'v BNL-AGS 1980 Imé&= 0.009 £0.030

* K*->72°%4"v  BNL-AGS 1983 Imé&=-0.016 +0.025



Im(&)

02 — { I ]
0.15 [Bevatron gy, =
O' 1 ; Areomne BNL KEK é
0.05 ; "E"é
O é,_ ................... ++ .................. +¢_§ PT:_ 0.0017 i 0.0023(Stat) i O.OOII(SySt)
o E (|P;] <0.0050 : 90% C.L.)
0012 E Imé&=-0.0053% 0.0071(stat) = 0.0036(syst)
1960 1980 2000 (|Imé&]<0.016 : 90% C.L. )
Year

= This limit constrains the parameters of some non-standard CP violation
models with high sensitivity.

= We are going to propose a next generation P; experiment at the high
intensity accelerator J-PARC.



Craig Thekes Dapfinee 2004

University of Vinginia

.‘

Problem: Producing A’s of Known Polarization

A/A’s of known polarization can be produced through the decay of unpolarized

;_,."': 8l

E_ — ;'q'LTT_

—_

— Ant
If the = is produced unpolarized — which can simply be done by targeting at 0 degrees — then
the A is found in a helicity state:
Py = azpa Py =a=py
dN(p) Ny o dN(p) No. _ _
deosf T"l + anasz cosf) deosf ?kl + Ttz cos b )

If CP is good, the slopes of the

) i =2 = AU - prT = > At - pr'n
proton and antiproton cos @ dis-
tributions are identical, and: slope = 0,0z

slope = o, 0z
Q=) = azap dcost

dcosh
| I
-1 0 +1 -1 0 +1
cosh cosh




Craig Dkes Dippfiree 2004 University of Vinginia
h

Results from CF Violation Search

Weighting Technique: o .
PS1E85 E756 HyperCP

e ~10% total data sample 0.03
e selected from end of 1999 run - A, Az, Agy
e 118.6 million =~ i
e 41.9 million =* 0.02 |-
e no acceptance or efficlency corrections [
i 1 "E >
Azp = [0.045.1(stat)+£4.2(syst)]x 10~ ool = =
£
Check with HMC Technique: E 0.00 [ Bl
e ~ 5% of the total data sample _5 I
e prescaled selection of 1997 and 1999 - i
e 15 million = 001 .
¢ 30 million =+ -
-0.02 -
A=y = [-TE12(stat)26.2(syst)] x 10— i
=20 improvement on previous result. -0.03 = T
1994 1995 1998 2000 2002 2004
Year




Craig Dukes Dippfire 2004 University of Vinginia
b

Search for Parity Violation in {1 — ALK~ Decays

Q_ — ;'q'LI{_ A — P
e Although spin-3/2, Q- — AR~ decay goes
much like the other hyperon two-body decays:

e Here: _
_ 2Re(P*D)
* = PE+ D]

xin?

]
2
T

— ¥ 4.8 millon
0% 1.9 million

e A non-zero ag indicates parity violation.

]
2
T

e All other hyperons have non-zero ov parameters; .
T = 1.5 MaVic

only the {2~ has resisted efforts to find an asym- BIS [£56) <1.0%

metrical decay distribution.

Events/0.28 (Me\ic®)
¥ ¥
g =
-

e HyperCF is measuring ap using unpolarized
(17's through the polarization given to the 00
daughter A, which 18 ag: 1000 -

ﬁ 2’{1 + ﬂﬂﬁﬁﬂtﬁﬂ}

X L. s ) .
?.BE 1.865 1.87 B 1.875 1.68 1.885 3
Invariant Mass of AK (GeVc”)

e Large data sample, little background.




Craig Thekes

Diaphne 2004

Umiversity of Vinginin

Preliminary Measurement of ag and @™, i (07 — AR~ Decays

aifl” — AK™ — pK™w

O — AKY — pK+at

&
Ses ittty

=R T TR SN E S

IR L LA
08 -06 0402 0 02
-0z

i =

'ETE SR PETE ETRE FEEE PR PR AET RTTE R
-1 -08 -0 04 02 0O 02 04 05 0E
cosd

04 05 0B

1 1 1 1 1 1 1 1 1
-1 08 -06 0402 0 02 04 05 08 1

cosd

1999 : ap=| 1 45‘\:|:[:'.'_Q::-ﬂ'ta‘;l'_flzl:l:'.'_l|::-'}'-'I'_f':\l[:'_g
1999 : @q= [—1.8140.28(stat)] < 102
HyperCP (1999) |
4 500000
HyperCP (1999) [
1.900.000 “ o
FNAL-756 (1998) -
1823
FINAL-756 (1998) | L.
6953
FNAL-620 (1988)
1743
CEEN (1984) | :
12.000
....... L 11 1 1 | 11 1 1
-0.10 005 00 005 010
o

e First evidence of parity violation in 2~ decays.
e Can search for CP violation in 2~ /{77 decays.

good!



0’s in the complex plane

TRIANGLES:
Vcb

Vub

angles



Inclusive |V | measurement strategy

BriB—> X_¢
Ncb‘: r( ~ - V)mbﬂmcaluczaaluyzzapESﬂpé)

4
Br(B— X ./v)=Br(B— X (v,E, > EO)Eo,mb,mc,ué,ui,pis,pé)
* f, I, - heavy quark expansion (HQE) formulae* *Gambino & Uraltsev
* m, and m_ : running quark masses (at =1 GeV) hep-ph/0401063
* Ues I, Prss Pp : on-perturbative QCD parameters hep-ph/0403166

mm) Problem: large uncertainties in my, m., p's and p's

‘ Solution: Measuring my, m_, pg, .. PLs, Pp.
simultaneously to Br(B—X_ e v) and |V | using

HQE's predictions of E, and My, moments.

L Mig(EwEE > EO): fig(anmbamcaﬂéaﬂiapESapé) 1=1..3
MiXC(M XG 9 Eg > EO): fiXC(EO,mb,mc,ﬂé,ﬂi,pis,pé) i=1..4



inclusive Vcb

Inclusive E, spectrum |

I\/cbl
shape
05 1 1.5 2 28 \ I
E[GeV]
P_...Efncfusive M, spectru b my, M.
2 2
shape / He.Ur

[
dl” /dM,

D 0.5 1 185 2 2.5 23
M, [GeVic ]

from the shape get non-perturbative parameters though the ‘moments’

3

M=) 0, +a,M) b (M= +c (Mbe +d, )P 15 (r)Ps 4.
2 T m, m, m, m,

8 June 2004



Accepted by

babar Fit r esults Phys. Rev. Lett.

hep-ex/0404017

M, and E, moments as a function of minimum E, cut
I _\ I -45 I I I I I I I 22 l- I I

210

| i L _ 9.6f - | i
\ i — & ] — i % | —_ ] X2 = 15
= i 1 o b 1 & 92 + k2 | i
2.06 > i 1 = 20 =
@0’ n N (CB 4.3 i i (QDJ o ++\ = (093 B %* i N dof 20
S * < | [ NS L ]
= 202 1= I N = [ | = 1) H- e used in global fit
(a) 4 4.1 (b) - 8.4-(c) . (d) : .
L 1 ! L L 1 L L 1 ! L 1 L 1 I L O not used mn glObal ﬁt
T T T T T T T T T T T T T T T
0.10 '_4\ ] - ‘7 018k i 0.00F ."--./Q/P“-e;_'
- ¥ 4 < 1.7 2 1 & . 1 s Y 4 T
. > B 41 'S RN 4 >
- ™, 4 @ L -0.01} ¢ -
20 0.08 W | © s} S ) - o, {1 & P ]
- - = _ 4 5: /"‘ 1 = 0.10: ‘ 1 =*-0.02} i
= - o b=
i ._ =i 7] B Q\. ] | ) 43
004 _(e)l | ! |é- L () | I | |_ 0.02 _(g)l l | \\Y\_ 003 _(h)l ] \ |_ Lepton
0.5 1.0 1.5 0.5 1.0 1.5 ‘ 0.5 1.0 15 0.5 1.0 15 Moments,
42 1

Ecut (GeV)

>
> Excellent agreement between data and HQE predictions! — —*'| ]
R \ i
40 + All A
»Excellent agreement between lepton and hadron moments! —» | moments Hadron |
(a). . Momepts ]
4.5 4.7 49
my, (GeV)

39




Vcb

Vg = (414204, +04,,, £02, £0.6; )x10~
Br(B — X.ev)=(10.61%0.16, +0.06,,:)%

: result and comparison

> 2% error on |V_|!

\
|VC_b|J H-@H BABAR (OPE) [Br(B—)X I V)J - BABAR (OPE fit)
it CLEO-1 (OPE) —— average HFAG
- CLEO-2 (OPE) —+8-—  BABAR (e tag)
T DELPHI (OPE) —ug—— Belle (f tag)
——+8—+—HABAR (Ey) ——  CLEOQ (£ tag)
—i—t 1 Belle (Ey) T BABAR (breco)
8- Belle (breco)
—— HEAG (excl. D7) —H——— ARGUS
39 41 13 103 0 11 9




kinetic mass scheme

Moriond QCD 30, March 04 Henning Flicher (RHUL) ¥

Fit Results

(414204 +0.4,,,+02, +0.6. )x10” Kinetic scheme:
(10.61£0.16, 006, }% Small pert corrections

Lo Minimal set of parmts
(4.61£0.05,,, +£0.04,, £0.02, )GeV

No 1/m, expansion
(1.18£0.07_, £0.06y,, £0.02, )GeV Uraltsev & P

I’_

(0.45£0.04,, £0.04,,. £0.01, ) Gel” Strong correlation between
(0.27£0.06,, +0.03,; £0.02, )Gel > o, ind in,;

_£0. OH[MF +0.00 }(:‘e‘i-"J

(0.20+0.02
(~0.09£0.04,, £0.07,4; + 0.0 1, )Gel?

my(1 GeV)-m, ] GeV)=
(3.44£0.03,,,£0.02};£0.01, ) GeV

-f."i[

| BABAR __Lepton | Hadron BABAR 1 A i - H.-IIH.H-.: " Hadron
H’? Moments} Moments - — ~ | 2D projections 48+ Moments-
J "“‘ - ‘rJF \|I I - i "
e\ ™ ' of the fit result: - | y
. 1|I ‘.L T ;JJ _/ ] i k] 'II\'\
- j T A e - € a5 % |
[ / L, 1 w3 <~ epton | . _ = Lo |
[/ \ T ‘ oM Ay-=1 ellipses € | < !
iﬂdl ; hoe T 3 Al \eptcn ‘
oments ail : 3 : " Moments Moments
(a) Moments () Moments No sign of deterioration ) o oS,
45 47 49 0.4 05 06 ¢ for higher cuts 03 05 07
m,, (GeV) 12 (GeV?) 12 (GeV?)

)



m,, m.: result and comparison

kinetic mass
scheme

m,(1 GeV) = (4.61£0.05, +0.04,,, +0.02, )GeV
m,(1 GeV) = (1.18 £0.07, +0.06,,; +0.02, )GeV

Measurements and Predictions of the b-Quark Mass

(MS scheme) PDG2003

Measurements and Predictions of the c-Quark Mass

(MS scheme) PDG2003

s> Or: B X Iv BABAR 4 s OPE B-Xlv BABAR* "J“

Event Shape  [0] : " v: di-muons o ! !

Zbb Decays  [2] - I |
Zr3gets  [14] ¢ = v: scattering [10] : = !
Z33ges  [10] -

Z¥3jets  [19)] s Lattice: D, mass ~ [1] il )
Y spectrum  [1] i )\ — 14
eeSqa [ b Lattice: D, mass  [2]
SR forB,D [4] e SR for Charmonium [3] i
Y(18) [5] —a—
Y: vac. pol. fen. [7] [ eteqq [4] |
Y spectrum  [8] b B > theOI'y
bb xsec.Y mass [Y] —a—i > theOI'y e'e=qq [5] b
Sum Rules for Y [12] —al—
Sum Rules for Y [13] —al—i SR.forB, D [6] 14
Y: vac. pol. fct. [19] Fad ra-3an Ha
Y spectrum  [1 7:] [ &g [7]
Lattice [16] —Ja. Y(1S), mg-mg 8] e,
ST Y NS N I A T rjl T | L L |
3.5 4 4.5 5 _ . 1 1.5 2
*converted to MS by N. Uraltsev my(m,) [GeV] “converted to MS by N. Uraltsev m(m,) [GeV]

Conversion of m, and m_ from kinetic mass to MS scheme by N. Uraltsev (hep-ph/9708372, hep-ph/0302262 , hep-ph/0304132)

8 June 2004



[ )
Phys. Rev. Lett.
90:}]18180\]1,2003 EXClu Slve |Vub‘
# Strategy: untagged identification of B—p e v decays with “v reconstruction”
« Signal extracted by requiring: osF]

| 4BoX, A :
— very high momentum elqctron o] . v Hﬁ:
. . 0.6F| —plu 1
e T AE=E.n-E,-E EmlSS lcompatible with zero 5i S rIJ A
exclusive - nio LR
analysis {— M_ compatlble with p ass “j A 4
advantage :ZI MC
. . . . a1F '-d:r_l..._f" "-’FrrlJ_,_
« Rather high theoretical uncertainties (~15%) &= pm—sas

P GeV/c

« Relatively high yield: 834 + 102 events (only electrons and 50.5 fb!)
2400¢ ﬁo > p* 07y | M| = (3.64%0.22(stat) +0.25(syst) 22 (theo) )x 10°
-

§300_ JL dt=50.5 fb'! Br(B0 —> p‘e+v): (3.29 £ 0.42(stat) + 0.47(syst) = 0.60(theo) ) x 10~
300

= | ¢ Much more to be expected soon:
22000 i > larger dataset

o L

%10()%} » additional decay modes

™ > reduced theoretical uncertainties

| zﬁ*

e : » form factor(s) measurement
0> I [Eevit > new recoil techniques




(1) Phys.Rev.Lett.88:221802,2002
(2) Phys.Rev.Lett.88:221803,2002

« ClaSSic » BO - BO miXiIl (3) Phys.Rev.Lett.89:011802,2002
g (4) Phys Rev.D66:032003,2002
>  The B - BY mixing technique is well-known and well- () Fhys-Rev-D67:072002.2003

documented:
1. Determination of vertex and flavor of the two B’s
2. “At” between the two B’s estimated from distance between vertices
BB’ BB /BB’

_E - 05 —
“I“'\‘ ﬂ__— L] 4. 1m I /( \
i I 0 # N
}

—_
=
TTTTTT

Events /{0.5ps)
=

m L Ll
Events 7 { U.> ps )

_
k=)
TTTT

0.5 T _ 2 .
’ e RIE L Aa |
-5 -100 -5 ¢ 2 1¢ 15
At (p5) -10 0 10 oo
|at/e
e N, (At)— N_(At)
e (1£cosAm,At)  Asymmetry(At)= N GOTN (1) cos(Am,At)

Results (23x10° BB):

Am, = 0.500 +0.008 +0.006 ps "'
(averaged 1,2,5)

7, =1.529 £0.012 £0.029 ps @)




| Hadronic Mass Moments |

» Most precise determination of V_, based on inclusive semileptonic decays
B->X_lv (X.=DDD*/D™)

e Basic idea: OPE applied to HQET relates experimental width to V.
[(B->X.Iv) = [V,[* (A2, ) [ 'form factors' in expansion in powers of mg)
Ayhiyhas... OPE parameters related to hadronic mass moments of M%(X.) mass

distribution in semi-leptonic decays
® Measurement of mass moments provides useful constraints on A,/ ,A;,...

& improves determination of V,

COF Run i Preliminary L - 150 pb

® Challenge: Reconstruct B->D**IX,

s L 2
RO | e with D**->D*/D%/D* X
E e J Dy Knowme ® Need to understand all possible
F ’ gf* :E'“" reflections/cross-talks between
o- | i various modes
20 L)1 }
F{I 17 f Doable at hadron collider!
il ' L" i PP 5 2 o ;
n: [ %-h%m}'*m Preliminary analysis at CDF!
2 3 NGRSy ORI 7 STt IS Y T R Y
m” tGDvJEE,

Manfred Paulini —- DA®NE 2004, Frascati, 8 June 2004 - 23-

CDF and D0 are coming......with a lot of statistics




ALFA or ©2



Prospects of o from B—pp

Penguin .-
7 S
Both tree and penguin amplitudes contribute. g "
B .
If no penguins: With penguin contributions: T
C=0 C ocsin(d) ‘ ‘
: —
S =sin(2a) S =+1-C’sinQay) W o
Tree ./
b i i
Using the Grossman-Quinn bound to limit Aa=|a-o.q & q

BR(BO — pOpO)Long.&

sin“(Aar) <
BR(B™ — p"p0")

Long.

Decay is penguin
dominated.

B%—p%0 branching ratio is small compared to B*—p*p° !

BR(B’ — p°p")=(0.63")s £0.12)x10™°
BR(B® — p'p°)=(26.472,)x10"°

—

oy —a|<14.7 (90%CL)
o —a|<12.9° (68%CL)

i

It

n

n



The B—pp decay

B% — p* p~is a VV-decay =>»The decay can proceed through 3 partial waves:
S (L=0, CP even), P (L=1, CP odd), D( L=2, CP even)

3 helicity amplitudes:

A=0 — longitudinal polarization. Pure CP even eigenstate.
A=+1— transverse polarization. Mix of CP even and odd eigenstates.

The decay B® — p* p~ has been observed at BaBar and its BR and polarization
measured: (PRD 69, 031102 (2004) and hep-ex/0404029, submitted to PRL)

BR=30+4+5)x10° , f__=0.99+0.03+£0.03

long

B? — p* p~is an excellent candidate for measuring a.:
§ Longitudinally saturated

§ Relatively large BR

§ Small penguin pollution

§ Two charged tracks in the decay for vertexing



B—pp Signal Selection

Also use the p-mass
from background.

and p-decay angle (helicity) to distinguish signal

B -Mass: mES \/Ebeam

P Missing energy: AE=E; —E,

beam

o i
;100% +
v |

= |

gaa—“‘

o=

S [

D) 60—
a0/
201
i ’lllll IIIIIIIII 1 1 1

100
80

60

0 11
5.21 5.22 5 23 5.24 5.25 5.26
Mes

Events with clean tags.

40_
20_—
e 0_.1....|....|....|....|....
527 5.8 5.229 =0.1 -0.05 1] 0.05 0.1 ,-J.E(Ge\a.'iﬁ
Gev/ -
evie Full likelihood
""""" Background

® Data



Summary

. No significant constraint on o from B—nm
— Non optimal B’—n’t’ BR (large penguins).

. B— pm quasi-2-body analysis performed but no model-
independent constraints on o,

— Non-CP eigenstate and penguins not under control.

. B—pp provides the most stringent constraint on o. This
analysis has been carried out at BaBar, and the result 1s
(with some simple assumptions):

a=96"+10%, +4. +13°

stat sys penguin
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76 fb-1

‘ Partial reconstruction of B’ —D*

B u—@ﬂh * no attempt to reconstruct DO

= ]
5 @) » more events but more background
Lx

“'b T T T T T T
= == Lepton fogs Aves N(Bf,,, B® = D**a¥F)(t) - N(B},,, B° = D**x¥F)(t)
E i 65400+£130 P = hr{B?qgiﬂu — D=aF)(t) + N(B?nw BY — D*EaF)(t)
[
S & 03
g < 0.2
£ =) 01
L% 0

1 l.lﬂ 13: I.III lla Ill'hl'l' L} 0.1

m_,.(GeVic’) 020

L= [ Kaon tags VST ETTTET VT T
O -25160=320 Lepton fagﬁ”“} Kaon tag At{ps)
SS-I:I:G
S
oo ;
%m a*=2rsin(2f +y)cos(0*)=-0.063+£0.024+£0.014
[oF]
=
W e Deviates from QO at 2.3 ¢

1 " "
Il:!#ﬂ.-'-l-imllll-"ﬂ

(Hep-ex/0310037, accepted by PRL)
06,/07/04 DAPHME 2004 - Masie Legendse 6

babar



 Conclusion and prospects

® First steps to extract y are promising :
m D)7 analysis well established :
|sin(2p+y)| > 0.58 at 95 % CL
m GLW and ADS : need more statistics
m The presented analysis will be updated with more data

#w Other channels to measure vy :
m DO)p for sin(2p+y)
m GLW with D decays into CP-odd
m ADS with other final states
m DK, D*K* decays...

Qo 07704 DAPHNE 2004 - Masie Legendse

babar



@5 from B — DK ©

e Can access ¢3 via interference between B~ — DK~ & B~ — DK~

e Reconstruct D in final states accessible to both D° and H°
eg. DapK~ (Gronau, London, Wyler method)

e Can use multibody final states, eg. K gn = (first noted by Atwood, Dunietz, Soni)

e ) [} - — Fi Tk e . _D —— Fa T ¥k
B —’D h -““—’111.3 ch B —’D JF’L -wlcslub
s b - 1u

o W L =

W “u

b c <=_~.
u u u u
COLOUR ALLOWED COLOUR SUPPREESSED

2A(B —>DerK_ A(B_—~DK)
A — amplitude
r = AsuppPRESSED/AFAvVOURED ~ 0.1 — 0.2

Tim Gershon DADGNE 2004 June 7, 2004



‘MB Principle of the Multi-Body Analysis ©

e Consider DY — Kgnta—
— define amplitude at each Dalitz plot point as f(m? ,m2)
where m_ = Mg s M= = Mg
e Consider D° — Kgntn~
— amplitude at each Dalitz plot pointis f(m=,m3)

f(-nﬁ_, -m%)‘ can be measured using flavour tagged D mesons

e Consider BT — (Ks?'l' )D K+

— amplitude is j(mﬁ_ m2) + ret(0+03) f(1m?2, +)
e Consider B~ — (55w+ )DK—
— amplitude is f(m?2,m3 ) 4 re’®=93) f(m3 ,m2)

e Can extract (r, 4, $3) from BT & B~ data

Tim Gershon DAGMNE 2004 June 7, 2004



B* — (Kgntx™),, K* Dalitz Plot Distributions €

My = f(m3,m2) + relld+os:) f(m?2, m3) M_ = f(m2,m3) + -1‘64'5‘5—““"3}1“&?1;”'—'_._ m2)

O LT < F
'._- . . :.. r'|_— i o* ;
225 L e & w25 E N
= : . < e * e,
T [ ®e T Le
2 o4 ¢ 2
L. & -
i *®* = . i . . o
15 F IsE %
N S . . N ; .
| . - L ] ™ ] | ‘ [ ] ™
i . . . B *® . _e
I - I - %, ot
- L * 3 . N *re e
- . '..- C ]
0.5 b o' 0.5 | * &
|||||||||||||||||||||||||| ||||| 1 | 11 1 | | 11 1 | I 11 1 1 | 11 1 |
0.5 1 1.5 2 2.5 3 0.5 1 1.5 2 2.5 3
m> (GeV/c’) m” (GeV-/c®)

Tim Gershon DADNE 2004 June 7, 2004



Extraction of ¢3 S

Avoid using fit likelihood errors — construct PDF for (r, ¢3, )¢, e Using Toy MC

B* — (I&r;_;-?r_}_?r_) K* B0 1O il
D = 300 T b0t 7 T
@3 > 0 with > 949% probability 255 o Lom? LT 05—tk flox
200 e / i 0.4 HH I"-,I"l 'III, o
S RN TANITAN
BTN Sz 15
w0 T \ . 02 kﬂ'i I=4IVIE
Y VeI N S 01 E—I o | N S
i . . . .\‘ .f_d._“\ . L i ?‘\:&h".— "_.';fTHM‘: . .
Y0 30 100 130 200 250 300 350 Y0 30 100 130 200 230 300 330
b, fdeg) b, (deg)
PRELIMINARY 1L
Bt — (Kgntn™) K* é3 = B6° £20°(49°) .
Bt — (Hqﬁw— 70) K+ 63 =51°+47°(82°) ‘-
i D /D 0.6 Sl
Combined: f S ﬁ
. ( 04—+ o
0.2 s - —
% % ' imi [ % 3
Errors are 68% (95%) confidence limits LN &Q\“
030 40 60 80 J00120140160150
Combined ¢,

Tim Gershon DADNE 2004 June 7, 2004



B and CPV in B® — K+*K~K2 and B+ — K+K2KY

—1f % Sf

PK°

KKK

BaBar
Belle

0.47 £0.3417%

+40.09
—0.96 + 0.5070 03

0.56 +0.25 £ 0.04 1] 17
0.51 +0.26 + 0.0517 1

Average

0.02 £0.29 (0.28 stat

only) 0.54 & D.lﬂfg'_;z (0.18 stat only)

Chamoniam Modes

QTME0.057 £

Bverage |dammoniur)

0T 004
BASAR 04
A7 ra34l o
EBale oz
T
BABAR 03
D goerasom
T Bslenz
0ADE0ET 008
g E.IG.EIZEI:H-
M T,

BASAR 04
=K u':?'al:_'.-uv

okt

KKl
B
B

Bverage |5 pengu
DAZEQ 2

Asanaga (A1)
-:-eu‘gagms

|

Disagreement between

13

b — s penguin dominated and

charmonium modes of ~ 2.4 =

Lluisa-Maria

Mir, LENL

Rare hadronic B decays

Dadne-04d



Full angular analysis B — oK* 15

e Angular distribution of B — VV unknown a priori

- 4 7
K

1 d*r 9 1
Idcostidecos dadd 8 [Ag|2 4+ [Apq[2 + [A_1]2 .

{— sin® #; sin® @, ['|.l'1'al_|_1|2 + |A_1|2J + cos® 8, cos® f'fg|A;.|2—|—

sin® & sin® & [cos 20Re(A AT ) — sin2¢|m[ﬂx+1ﬁk"_1ﬂ —

Pl I S [ oy R

sin 26, sin 26, [cos PRe (A AT + A_4AT) — sin®Im (A, A7 — #31_1&;”]:}

A +A
A= —"'H;_—‘l . CP-even

‘u"

Al = ’”:H% CP-odd

Liuisa-Maria Mir, LBNL Rare hadronic B decays Dadne-04



Full angular analysis B — oK™

14

e Decays to two vector mesons reveal fundamental dynamics

e Successes: sin2a from B — pp

e Surprises: Longitudinal polarization in B — ¢K* smaller than SM
prediction

e Hint of new physics?

e B — ¢oK" is a pure penguin loop

e Perform full angular analysis

Liuisa-Maria Mir, LBNL Rare hadronic B decays Da ¢éne-04



BO

|+I‘

b —m ‘-‘\W_ 0 Belle
) oo 0.3 SO0
S e f z°<ﬂ+ (0.2 1 §o:2
d ~ -7 Wo.1 ee § Woaf Juu
of O
b—>——— - - - - —_——
W~ 2 0.1} 0.1}
Be ucty v 0.2} 0.2}
3 L _wii . r 0.3 0.3
5.2 5.22524526528 53 5.2 5.225.24 5.26 5.28 25.3
. Mbc(GeV/c? Mbc(GeV/c
Very small in Standard Model ;0(3 _ (GeVie)
- B(BO%T+Z'_)z3 X 10_8 Q"'o.z-
. . wo1f e .
- W and & modes helicity suppressed < =
- possible large enhancement from ol
nhon-SM scalar currents (e.g., MSSM) 02},

- important window for New Physics

Best published Limit:
Belle (78 fb-1) PRD 68,111101(2003)

B(B® — 1) < 1.6 x 1077 (90% CL)

-0.3 R
5.2 5225.245.265.28 5.3
Mbc(GeV/c?)

CDF preliminary
171 pb~! (hep-ex/0403032)

B(B® »ete)<1.9x 1077 (90% CL)

B(B® — 1) <1.5x107 (90% CL)

BB » nue)<1.7x 1077 (90% CL)
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First Observation of D — @y

> . > s o > - S .

i N S
DO — D - ﬁw

|

<€ : -« 3 u < ol Y

o . u
Short-dlstar?c"é% Long distance
Y

events / (20MeV/c?)

In SM, short distance contribution negligible ( < 10-%)
Long-distance contribution due to vector meson dominant [Burdman95, Fajfer97]

Rate predicted in range [ (0.04-3.4)x 10-], 90% CL limit from CLEO <1.9 x 10

Reality check when considering long-distance effects in b—dy for determing V4

D’ — O | |Observe 27.6"7%(stat)™*> (syst) events
Significance 1s 5.40 !
B(D® — @y) =[2.60"y4, (stat) y;]1x10~

L “ An anchor for future development

1;9. el > R 2
M, (GeVic?) of non-perturbative QCD Belle




Observation of D* — p'v,  (CLEO-¢)

AN, 2 I m’ )
o _ 2 s 2
5 Wi ) '(M —lv) _QGF@mI M {1_ MI|\2/| ] ‘VQQ"

d
Calculate MM* = (E,,,, —E,)* —=(—P,. —P,)’ recoiling against recoed D
l’. ———— 9 events in 26 window (-0.056<MM2<0.056

Y 6o |1 e 1 Gev?), 0.67 ££0.24 estimated background
2| lﬂ JHH‘Q K1 B(D"—u'v,)=(457+1.66£0.41)x10"
et ol 5% 1NN § . .
~ [ 005 000 005 010 = f_, =(230%£42+10)MeV [Prelim]

= :Signal Region D
Faol This is just the begining
E : Expect x 60 data at y(3770) soon

olo dlm, o, N

000 , 0.25 050 New era in charm physics |is here| !
MM’ (GeV )




' B Lifetimes |

1(B*)/t(B°) Lifetime Ratio Lifetimes from excl. B -> J/y K

Use binned y2 fit of event . Use fully rec. B decays
ratios to determine t(B*)/t(B°) o, = 498.149.9(stat)+2.4(syst)

- -
PO i il ';':ﬁ:“:':s‘“’”“ et = 461.3£15.4(stat)+2.4(syst)
Q035 | FiNEE =
= S S Ctq, = 410.4+30.0(stat)+2.4-2.9(syst)
X 03 . = 1. + 0.042
s +++ , | | TouTea = 1.080
5 - | T Toq = 0.890 + 0,072
0.2 B.->J/y¢ decay length
COF Run 1| Prelirn inany
My e WE 6y e § [ B—odve oy
Visible Proper Decay Length {cm) E )
i .:1'-51:,1
DO Preliminary result: s G
t(B*)/+(B°) = 1.093 + 0.021 + 0.022 é Bl
Competitive with B factories

Manfred Paulini — DA®NE 2004, Frascati, 8 June 2004 - 19-



' Observation of B* -> ¢ K¢ |

Updated BR measurement and first A, determination
COF BUM |1 Prelrminary

CDF AUM 1 Preliminany L=180210pb"
¥ E
Esu!’— i ;
| I =
& L4 B¢ &
22 3 47+ & gvents
:
w'-“ﬂtt-
H
15
E
1|;|E—
; IBC
L 1 o |
E 4 T
ug 21 52 54 S.Iil {I.t
W, [GeVic’

® Fit result: N = 4718 events
® Main background B* -> f, K*

BR=(72+13+0.7)-10°

L=1B0+10pt"

A, =0.07 £0.17 + 0.06

Manfred Paulini — DA®NE 2004, Frascati, 8 June 2004

1,_ 5
|‘I |
[\,
| : -
% | (B3 i 1
+ ' T 4
| |+
i i . 1,i
M,, [GaVie
~h
R
< ik
0 - g
2 4
E ; HaBar
18 |
sk COF
4
’ CLED

)
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| First Evidence for B’ -> ¢d '

: " COF Runil Preliminary L=179:10pb"
e Search for B_" -> ¢¢ : Perform blind analysis :. ,_,,, '
E
- o . a | HE‘=E'B:ID
® Use MC and high statistics 4-track modes Em '
for search optimization i
* Normalize yield to B.— Jiy¢ decay (rel. eff.) _
® Observe 12 events in search window il
H:‘l [ 5‘:2 EA‘I -1 -‘: L
CDF Runil Preliminary L=179:10p0" i
"1:_'_-: 7 12 mvents in swarch windew
5 Expecied BG evenis = 1.85 0 82
-
-
§ s BR=(1.4+0.6% 0.2+ 0.5 (BR) )-10°*
4
3F
z:. | |l
1= i &
Lo 1L (almost 5 sigma observation)
5 52 5.4 56 5_:1 [Gf\l"-'l:al

Manfred Paulini — DA®NE 2004, Frascati, 8 June 2004



| By Oscillations |

Tevatron only place to observe B5 oscillations until LHC

Difficult measurement (give CDF prospects first):
Current conditions: Use fully rec. Bs—Dsx
S = 1600 events/fb-
S/IB =21
eD?2=4% (SLT+SST+JQT)
0,=67 fs
Short term: 500 pb* (no improvement up to 2003)
20 (for Am_ =15 ps)
Reach the current indirect limit.
Cover the Standard Model favored range
Beyond SM favoured range (conserv. improvements)
3 gif Am_ =18 ps- with 1.8 fb

d ¢ if Am, = 24 ps' with 3.2 b
CDF & D0 work towards B_mixing with high priority

Manfred Paulini - DA®NE 2004, Frascati, 8 June 2004

Entries per 20 MeV/c ?

CDF Run Il Prefiminary, L= 119pb

about 100 B: — Dn*

—_
[

8B 8 & 8

e}

D.x* Mass [GeV/c’]

COF Run I Monta Carle

n LW B o @ - o
[T =T = =T =T =1
A A
-—

|

L

[=]

=

=]

-y
[=]

Candidates per 10 MeV/c ©

50 55
Candidate Mass [GeV/c °]
- 42



K with =

He

A with nuclei



50 years of Hypernuclear Physics

The 15t round
1953 Discovery of A hypernuclei
Emulsion detectors --- CERN PS, BNL AGS K- beam

‘ A potential depth about 1/2

The 2"d round
First Counter Experiments CERN & BNL
1973 Stopped (K-,117) at CERN
1974 in-flight (K-,117) at CERN PS and BNL AGS

- very small spin-orbit splitting

The 3 round
New reactions with New Detectors

1985 (1r*,K*) started at AGS
1990 S=-2 searches at AGS and KEK (Emulsion-counter hybrid technique)
1993 S=-1 A Spectroscopy, Weak decay, SKS spectrometer

1998 v ray spectroscopy (Hyperball) j Solved!
vea.

‘ AN potential definition
',/ T, puzzle in the non-mesonic decays
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Congratulations
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Deeply-Bound K-Nuclear States
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A new paradigm in Nuclear Physics

f' Atomic states

-®- Nuclear state

Yoshinori AKAISHI
Akinobu DOTE
Toshimitsu YAMAZAKI




K- £
PP ©

5/

Evidence for K'ppn

from 4He(stopped K-,n)

Oct.16, 2003 M. Iwasaki et al.
nucl-ex/0310018

I I I -
H forward and backward ] 150
# +H comparison i
> + ¢ backward (scale: right) o
2% B # ¢ forward (scale: left) ] 100
A II+ -
= 150 |— I' 5":I""’c Un | <10mm ]
o - 135 < Pr< 250 MeV/ic 4
” - ﬁ — 50
D - -
Z i 4
2 100 — —
= _ M
LA /II’ [ K
50 — tails from ‘I#I’ -
- ¢ Ny, nmI I'I!h}#h{: . :
_ Vear V|2 i
o e n.I | ﬁ.‘“ﬁm
0 200 400 600 800

neutron momentum (MeV/c)

M. lwasaki
T. Suzuki
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K. Gomikawa
R.S. Hayano
T. Hayashi
K. Ishikawa
S. Ishimoto
K. Itahashi
T. Katayama
Y. Kondo
Y. Matsuda
T. Nakamura
S. Okada
H. Outa
B. Quinn
M. Sato
M. Shindo
H. So
T. Sugimoto
P. Strasser
K. Suzuki
S. Suzuki
D. Tomono

A.M. Vinodkumar

E. Widmann
T. Yamazaki
T. Yoneyama
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sw& Concluding Remarks
<

Nuclear K bound state]

K behaves as a “contractor”.
Mini strange matter

hadron dynamics in dense&cold matter channel
spectroscopies

Chiral restoration?
Color superconductivity?
Kaon condensation?
Strange hadronic/quark matter?

A new means to investigate Formation/Decay-

DADNE
Few-body K nuclear systems would provide SPring-8
experimental data of fundamental importance J-Lab
for hadron physics with strangeness. GSl
J-PARC

......



Purpose

Weak decay mode of A hypernucleus

r

1/ Ty =Ty <

m

nm

<

.

' - (A p + xn7)
[ % (A—> n+ x9)

Mesonic
q ~ 100MeV/c

') (A+ p> n + p)
' (A+n —> n + n)

Non Mesonic(NMWD)
q ~ 400MeV/c

',y (ANN — NNN ) ?

Direct determination of the I, /', ratio !!!!

How to solve a puzzle




/T, Status
OME,
OPE DQ model

Singles
5 He : (.61+0.081+0.082 (E462)

12 ¢ : 0.58+0.06+0.08 (E508)
: (0.45~0.51)+0.15 (E307/E369)

Coincidence 5,He : 0.43 +0.12 10.044+(E462)
12.C : 0.34 +0.13 +0.05 (E508)



SRINE

Solid angle
Neutral: 26.5%
ChargEd . 10(%) TOP neutron counters

Wl -,
i

SIDE
neutron counters

[ ——— |
T3 n
Charged particle : ¥

- TOF (T2—T3)

¢ tl‘aCking (PDC) BOTTOM neutron counters
Neutral particle :  %oon

* TOF (target—NT)

- T3 VETO

SN

R

NT: 20cmx100cmx5cm
T3: 10cmx100cmx2cm
T2: 4cmx16cmx0.6cm

Active Target

S/ beam



" TS 5, He (E462):0.45 + 0.11 + 0.04 (Final 1)

h LNE (E5I08):0.40 i 0.09(statjs.) (Preliminary 1))
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04T OME 1 I OMEDQ |
0.2: OPE —! OPE
A ! | . | . : 1
Theory(OPE) E307 E307 E369 E462 \

Theory(OME or DQ) Various Experiments



Chiral PT and scattering lenght



We wish to confront high precision, low

energy QCD predictions with data

LExample: T scattering IengthﬁJ

Theory [1]

ap = 0.220 =+ 0.005
ag — as = 0.265 + 0.004

Experiment 7

K. E865 [2]
ag = 0.216 £ 0.013 £ 0.002 £ 0.002
Pionium DIRAC [3]

Ko, K — 37 NAA48, in progress [4]

[1] Colangelo, Gasser, Leutwyler 2000; [2] EBG5,
Brookhaven, 2002,2003; [3] Tauscher, this afterncon; [4]
NA4E Waorkshop 2004; Cabibbo, this conference



1. 7K atom DIRAC
clean case, atom fully understood
connection with
e ChPT
e vacuum properties of QCD

Theory of K scattering not yet fully
worked out [1]. Data lacking

2. Kaonic hydrogen DEAR

data available, atom understood. Error
analysis in calculation of scattering
lengths is missing

More precise data will reveal whether
theory is able to describe the complex

situation properly

[1] Bijnens and Talavera 2004



Resulting K'p Spectrum
(all background fit-components subtracted)

1500

1000 - K

Events /60eV
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DAONE 04 / JZ



DEAR Results (preliminary)

1000 ' ' ' ! ' | |
repulsive < » attractive
800 5?w>a(sza(:i(elt5a}|,<1)997 I 7
:
2 400 | DEAR prelifn. ////
| 2.
200 f- %
300

shift ¢, [eV]

New theoretical studies:
Ivanov et al. 2003 / 2004
MeiRner, Raha, Rusetsky 2004

500

DA®NE 04 / JZ



Results on the Shift and Width

2 independent analyses starting from the raw data
giving consistant results

Combined results => preliminary DEAR average
to be published in Phys.Rev.Lett.

Shift: ¢, = -194 + 37 (stat.)x 6 (syst.) eV

Width: T',, = 249 +111 (stat.) £ 30 (syst.) eV

\
‘ef 6@&6@&0
e\
- T G ‘ﬁ‘ a\) ........ S .
Kp “‘s‘,\ \a‘\o
gla (‘A‘“
g cov®

DAONE 04 / JZ



The ayp — a> pion scattering length

from KT — 7

+?T0 0

7 decay

Nicola Cabibbo

—+-0_0
/1 /1

i

How to measure ag — a9 in K+ —

0_0

This is based on the effects of 777~ — 77" re-scattering from K+ — wtxt 7~ near

the threshold for that reaction.

q3

The method is based on two fundamental properties of the S-matrix:
1. Unitarity: STS =1

2. Analyticity of the S-matrix elements as a function of the external momenta.

with/without the re-scattering correction, in arbitrary units.

0.1 T T T

(aq _IGQ)'”?-IT L 0265

g — g Mg =0 cenen

0.09
0.08
0.07
0.06

iT -
= 0.05

Sxx

0.04
0.03
0.02

0.01 |-/

0 1 l l 1 1 l
0074 0076 0078 0.08 0,082 0.034

Saw

The s, invariant mass distribution



Events

Events

Kaon spectra and Statistics

Constant 0.4603E+08

:; q g

A .515 0.52
M, GeV/c?

J Constant 0.2562E+08
= Mean 0.4937
Sigma 0.1680E—02

I 1
0.47 0.475 0.48 0.485 0.49 0.

Direct CP violation @ NA48/2

|
495 0.5 0.505 0.51 0.515 0.52

Mass Resolution: 1.7 MeV

Events per supersample
(in 10°)

K+

K-

ALL

310

170

480

290 160 450

120 70 190

720 400 1120
32




Prospects and space for improvement

e Experimental fit to terms O(4*) in differential rate.
e Compute these terms in Chiral Perturbation Theory

o Compute radiative corrections

The theoretical error can be made verv small.

The experimental error can be made very small

In NA4R: =10° Kt — 77 7% Y events,
of which 3%, (> 3 x 10°) below the 777~ threshold.

The statistical error on the effect should result < 1%.

..50..be careful.... Cabibbo has joined NA48S.....
NA48 are striking again!
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Hadronic Cross Sections at CMD-2
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N
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400
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S.Eidelman, BINP p.11/31




50 5 . .
i F_|2 ﬁ CMD.2 Comparison with
| 1 KLOE CMD-2
40 + +'
: ; <cical
i tatﬁﬂlca
P ; ﬂ ‘;::)yr: are show? we have evaluated the
30 | ’ +{+ ) dispersion integral for the nn channel
| R ‘,4 in the range 0.35 GeVZ<M_2< 0.95 GeV?
- )
0 # “,* 8,7 = (388.7 % 0.8, + 3.5, £ 3.54,) X 1010
spo 7 b
TR ", KLOE PRELIMINARY
E v'vv{ 'W"‘
5 __' e, .
N My’ GeVD comparison with CMD-2 in the range
04 05 06 07 08 09 1 0.37 GeV2 < M_2< (.93 GeV?
KLOE a ™ =(375.6 + 0.8, + 4.9 ) X 101°  1.3% Error
CMD-2 a ™ = (378.6 + 2.7, + 2.3\ 00) X 1071 0.9% Error
dadne Federico Nguyen

2004



How the plot from M. Davier et al. (2003)
modifies...

+ -
EJ95 (e'€) . A
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dadne Federico Nguyen
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DA®PNE2004 Frascati. June 7-11, 2004

4 )
Theory vs Experiment (January 2004)

Contribution a,, 1010
Experiment 11659208 + 6
QED 11658470.6 = 0.3
Electroweak 154+0.140.2
Hadronic 694.9 4+ 7.9
Theory 11659180.9 £ 8.0
Exp.—Theory | 27.1 +10.0 (2.70)

Recent theory progress: a®? — o' = (20.8 £ 9.7) - 1071Y (2.10)

1l [T
How can the theoretical error be improved?

S.Eidelman, BINP p.19/31




BNL, Muon g-2 Collaboration, 2004

Positive and negative muons combined

exp
ay

— 11 650 208(6) x 1017 (0.5 ppm).

§9EDG =11 658 470.35 + 0.28 x 1071

Electroweak: (15.4 £ 0.2) x 10710
Hadron (CMD2
+KLOE): sy Pa,=[(602.4 £ 6.4)1, — (9.79 4+ 0.095)410] 1[]—1“1
Light-by-light: Opo @, =(8 £+ 4) x 10710
y
K
Th

Without electroweak

Ex-theory=37 +- 10



Many new results
A very active field
A very long future

Very clever and dedicated people

Let me have your comments...... in a polite way....

..and thanks to the organising committee!



EXOTIC SPECTROSCOPY



| Pentaquarks '

Five quark state: 4 quarks + 1 anti-quark

flavour (anti-quark) # flavour(quarks)
Predicted by Diakonov, Petrov, Polyakov (1997)

States observed so far:
Ot : |luudds)
=~ :|ssddua) E°:|ssdda)
@°: uudde) "

N ruei*d
_|_
Nglludifsu] 5>
3 Jluisu], 4
s 2—
Zllsul’s ?

v -t
i

Discuss first: @1
mass ~ 1530 MeV, width <15 MeV
Decays equally to nK* and pK®

i
(Jaffe, Wilczek |[;$”]Ei>
PRL 91, 232003)

Manfred Paulini —- DA®NE 2004, Frascati, 8 June 2004 - 27 -



| Pentaquarks |

et Reported evidence in nK*
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Manfred Paulini — DA®NE 2004, Frascati, 8 June 2004 - 28-



| Pentaquarks |

er. Reported evidence in pK®

HERMES hep-ex0312044

RS & B unaai Me¥

S R |
R
;hj }H{ ﬁHl} J
" N 1-I|.'-r"l"r:ll'.-r1-'|
4 - SVD
= | hep-ex0401024

Manfred Paulini - DA@NE 2004, Frascati, 8 June 2004

b

Asratyan et al.hep-ex0309042
COSY-TOF hep-ex0403011 E

Comdinatiorns | B.008 Gav
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| Pentaquarks '

et Reported negative evidence
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BaBar at APS (prelim.)

Manfred Paulini — DA®NE 2004, Frascati, 8§ June 2004 - 30-
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