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KLOE Physics program

A O-factory is a collider e*e-
running at \s = M,,

®(1020)

BR 83%

KK

Main focus on KAON physics:
» CP double ratio/interferometry
* CPT Asym in semileptonic
K., K_decays
* V., Kform factors
*BRof K, K*
* Rare K, decays

(K. — vy, Ki— 310, vy, n*nnf ..)

Non Kaon Physics

M(960) - Radiative ® decays
BR 1.3% p(770) « nry final state
» prt final states
BR 15%
Continuum physics
0 * g(had)
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DA®NE status and plans

e*e collider @ s = 1020 MeV [ L(pb)
2 IP (KLOE — DEAR/Finuda) |

Separate e*, e rings '
to minimize beam-beam interactions :
Crossing angle: 12.5 mrad 150
Injection during data-taking -

250 |
200

50 2000

DADONE Design 2002 " 200 100 100 200 2%
Parameters (KLOE) day of running
N bunches 120+120  51+51 Standard analysis sample:
Lifetime (mins) 120 40 450 pb-' from 2001-2002
Bunch current(mA) 40 20
Lounch (CM2s™ 4.4-10%° 1.5-10% — 5. 2e-

bunch (7S ) Y . 2004 goau> QL. =2-10%2cm2s-!
Leak (CM=s™) 5.3-10 0.8-10 = aL.,/day=10 pb-

2003 Finuda/IR QL,;,/year=2fb~
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Characteristics of a ® factory @

d The KK pairs in the final state have the same ® quantum
numbers i.e. are produced in a pure J°¢ = 1-- stat

K (K*) +—— O — K, (K) purity ~10-10
N
i) e = K.p)| Ksp) | K, P Kp)

d Tagging: observation of K, signals presence of K, ¢

- precision measurement of absolute BR'’s
- interference measurements of KcK,; system

pLs= 110 MeV Ks decays near interaction point
BLs=0.22 Large detector to keep reasonable
acceptance for K decays (~0.52,)
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4m-J, 3.75m-length, all-stereo
op=34ps/ \/E(GeV) 50 ps c/P = 0.4 % (tracks with 6 > 45°)

» PID capabilities mostly from TOF g hit =150 um (xy), 2 mm (z)
o (YY) ~ 1.5 cm (p° from K, - n*nn®) c,vertex 1 mm
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T N\e
| |
—

K, tagged by K —» ntn-vertex at I[P~ Kg tagged by K, interaction in EmC

g ~ 70% (mainly geometrical) e ~ 30% (largely geometrical)
K, angular resolution: ~ 1° Ks angular resolution: ~ 1° (0.3°in ¢)
K, momentum resolution: ~ 1 MeV Ks momentum resolution: ~ 1 MeV
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K—>3n : test of CP and CPT

Observation of K¢ — 3nY signals CP violation in mixing and/or decay:
SM prediction: T'g=T|n>, giving BR(Kg — 37%)=1.9 10
Present published results: BR(Kg — 3n%) < 1.4 10°

Uncertainty on Kg — 3n® amplitude limits precision of CPT test.

Unitarity:(1 + 1 tandgy )R € — 2 A* (K1) A(K; =>1)/T'g = (-1 + tandg,,) Im o
(g = €1 0)

A limit on BR(Kg — 3n°) at 10" level translates into a 2.5-fold
improvement on the accuracy of Im & ( 2 10-°).

Assuming CPT invariance in the decay:
0(My, — M)

K

~5107" (MM, =4 1020)
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K¢ —3 n° search: method

v K, tagged by K, crash

v 6 prompt 'Y’S (Bclu =1 )

v no charged tracks from IP

v’ normalization with sample |
with 4 y's (Ks —2n0) !

v Kinematic fit

Entries/1

500

* Impose Kqg mass and K|

4-momentum conservation, [
B =1 foreachy 2

* Estimate E, r,, t, \s, Py

Rejection power of y2; not enough  [d......
to eliminate main background due

to Kq »nn? + 2 fake y’s
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K¢ —3n° search: 2x° vs 31"

Two pseudo-y2 built to - —
discriminate between 2n 4 .o Data

vs 3nt hypotheses 80 E K MCKS_)?”I I

(BKG: K¢ —>n'n® + 2 fake 7’s)

6olin
Q x?,. — pairing of 6 y clusters  [%.i.,
with better n° mass estimates b
O 2, — best pairing of 4 y's 401 .
out of 6: n¥ masses, E(Ky),

P(Ks), c.m. angle between n¥’s

-ty

20 R

Initial Signal BOX definition |
obtained from analysis of of

6-pb 1 equivalent MC sample. ¢ 10 20 30
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e Data

- — MC K{ — 2n°
300

200 |

100 |

"— BR(K — 31%) =10-°

0 10 20 30 40

K — 37’ decay switched
on during MC production
of 450 pb-! equivalent
data, with BR equal to the
present upper limit
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: e Data
| —BR(K{ — 3n?) =10-°

¢+t

750 |

500

Absolute BKG
normalization
better than 10%

0 10 20 30 40 50 In all control Boxes

250
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K, —37° : v, _,x5.signal region

200 [ e Data
| —MC K — 2n°
+ —BR(K{ — 31%) =10-°

150 l | +
- In

40 50
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K, —3n: preliminary result

UL optimized by varying in MC: Signal-Box definition, y2;
and the residual K, energy (AE = M /2-XEy). We find:

0 N(data) = 4 events selected as signal, with efficiency ¢, = 22.6%
O N(bkg) = 3 +1.4 (stat.) + 0.2 (sys.) bkg events expected from MC.
Folding the proper BKG uncertainty we get: N, <5.8 @90% CL

A(Kg — 1'n'n?%) <4102

This translates to: Moyl =

A(K; — n'n%70)
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K, —mnev decay: Physics issues

v Sensitivity to CPT violating effects through charge asymmetry:

['(Kgy > ne'v) —T'(Kgp — n'ev)

AS’L B -t e
['(Kgp > me'v) + I[(Kgp — n'ev)

If CPT holds, A=A, — Ag=# A, signals CPT
violation in mixing and/or decay with AS=AQ

v' Sensitivity to CP violation in K°-K° mixing:
Ag = 2Re (CPT symmetry assumed)
Ag never measured before

v" Can extract |V | via measurement of BR(Kg — mev)
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K, —nev decay: analysis path

* K, tagged by K| crash + 2 tracks from IP

* Main bkg from Kq —nr(y), kinematic rejection: M__ <490 MeV
* TOF Pid: compare n—e expected flight times, reject nn,mtu bkg

1+
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K, —mnev decay: events counting

Kinematic closure: obtain
Ks momentum Py from K,
and test for presence of
neutrino:

=M 2+P.2-E —E,
=Py —P,_—P,|

Il’llSS

mISS

Determine number of signal
counts by fitting data to a
linear combination of MC
spectra for signal and BKG

5000 ‘ — MC sig + bkg
4000

3000

1000}

L ev/MeV
6000

e Data

60 —40 —20

L N(t'e V)=11,805+177
2000

: .

E

miss

20
—cP

miss(

60
MeV)
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K, —mnev decay: events counting ..@

v" Signal spectrum clearly 2000 1 ev/MeV
sensitive to the presence of i
a photon in the final state 1600 [ ¢ Data

e MC Sig + bkg

v’ Radiative effects included _
through an IR-finite treatment |, |
in MC (no energy cutoff) '

800 |
Rate normalized to '

Kg —»nn(y) counts in

the same data set 400

Use PDGO3 for ) B

BR(Kg—nn(y)) 20 30
KLOE dominated E miss—CPmiss(MeV)
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K¢ —mnev decay: BR and A, KL

Correct for charge-dependent efficiencies, mainly due to TOF,
extracted from data control sample ( K; — mev with a vertex

closeto IP): &~ 20% given the K crash tag

BR(Kg — ne*v) = (3.54 + 0.05,, + 0.05,) 10
BR(Kg — n*ev) = (3.54 + 0.05,, + 0.04 ;) 10

stat —

+ 0.08

BR(Ks — nev) = (7.09 + 0.07 ) 104

stat syst

Published result: (6.91 +0.34., +0.15 ) 10, KLOE *02

Ag = (-2 £ 9y T 6y ) 10~ (Never measured before)

A; =(3.322£0.058 £0.047) 103 [KTeV 2002]
A; =(3.317£0.070 £ 0.072) 103 [NA48 2003]
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CKM unitarity test : V

Most precise test of CKM Unitarity comes, at present, from 15t row:
|Vud|2 t |Vus|2 T |Vub|2 - |Vud|2 t |Vus|2 =1-A

Can test if A =0 at few 103 (PDG02 A= 0.0042 + 0.0019)

* super-allowed 0*— 0" Fermi 2|V 4l6V, q = 0.0015
transitions and n 3 — decays:

*semileptonic Kaon decays (PDG 2002 fit): 2|Vus|8Vus = 0.0011

To extract |V | from K%, decays, have to include EM effects:
[(K® = mev(y)) oo [V £,.50%(0) PI) (1 + AR, 00)) (1 + )

S|V ST 5k, 8f,K0m(0)

=05—=®005 —®
I Kt f+K0n-(O)

05% @& 03% @ 1%

us|

Relative
uncertainty: 1Vl
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K, —»>mnev decay: V  f,*%(0)

Compare our K, measurement ‘ V.. f+K0”_(O) ‘
of | V. f.K0=Ol with existing
0.22

numbers on PDG 02:
« fit result for I'(K*— n%e*v) 0215 | ]
« fit result for I'(K; - me*v), '
« fit result for I'(K*— nu*v) 021 | |
and F(K+ —> noe+V) from 0.205
- . + 0 + 0
E865 experiment Ko™ Ka' Ko K
CKM wg prescription

Our preliminary result shows better agreement with latest
K* data, and a appreciable deviation from old measurements
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K, —mnev decay: V determination ¢

PDGO02, CKMWQ use 0 235

£57(0)= 0961 + 0.008 —
Unitarity and meas of V ,
0.23

From Leutwyler, Roos
Z.Phys. C 25 1984

* p* contr. in yPT

0.22 |

0.215 1

0.21
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Knowledge of K, BR's

Knowledge of 4 main K| BR’s at present dominated by 3 measurements:

I'(K; — 7'z I'(K; — 7=

d and ~ with ~2% relative uncertainty [NA31]
['(K; > mev) ['(K; - n'nn)
I'(K; — mtuv)
dR,= =0.702 £ 0.011 [Argonne HBC 1980]
['(K, — mev)

3-c discrepancy (~4%) between measurement and expectation for R

. Ru/e = 0.671 £+ 0.002, direct measurement for K*, from KEK-E246 01
R

we calculable from the slopes A, and 4, of vector and scalar f.factors:

{ 0.670 £ 0.002, if Ao = 0.0183 + 0.0013, from ISTRA+ 2003
0.668 + 0.006, if A, = 0.017 + 0.004, from one-loop Pt
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Status of K, BR's measurement

Have to precisely measure absolute branching ratios, with rel. accuracy < 1%

- K, beam tagged by | 103 Ev/MeV 100 pb~! *01 data
identification of Kq — mtn- 125 -
« K_decay vertex in a given -
fiducial volume in DC SO0y Ky > muv
- Kinematic identification using 75 |
reconstructed momenta -
In progress: 50 )
* new detailed MC with radiation Ky - ' G
and n—p response 55 ] -
» Selection efficiency 1K, > :

 Tagging efficiency

oo, A
oS gacs ey

2,

150 -100 -50 0  -50 100 150
Lesser of P_.. . —E_. in mu or um hyp. (MeV)

miss miss
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K*decays: analysis status

Dedicated reconstruction for K* tracks applied, all data re-processed
Measurement of absolute BR’s: K* beam tagged from K- — n==°, uv

30000 © Data

2000r

1000r

-10%2 Ev/0.5MeV

Kinem. ID

- — fit: 7’ + pv

1

180 200

20 7 (MeV)

8000

4000(

0

Ev/(14MeV)?

TOF ID

e Data
e MC fit

Working on: efficiency estimates, bias from requiring tagging decay
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a,- SM prediction vs experiment

Updated measurement from E821@BNL, averaging results

for i and p a = (11 659 208 + 6) 10-1°

a (QED), 11 658470.4+0.3
Contributions to the SM prediction: { a (weak), 154402
10 {1
(107" units) a (hadronic), ~700

Uncertainty on lowest-order hadronic vacuum

polarization dominates u

T h
Hadronic correction to the y propagator
not calculable by p-QCD for low M..
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SM prediction vs experiment

Dispersion integral relates a "2%(vac-pol) to o(e*e” — hadrons)

y y

Jhadjlo _ 1 [
e 473

H |2
w(Y)
H
H

e+e_~fhadr(8)K(8)dS

Process e*e" - n'n- @ \/s <1 GeV contributes 66% to a "
So far, estimates of a a4 from:

* measuring o(e"e” — ') vs Vs at an e*e collider, varying the beam energy
(CMD?2, 0.9% rel. uncertainty)

« using the spectral function from t* — n*n’_(LEP, CESR data)
— ~ -10
However, a (e*e) —a (1) ~ 20 10°
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Measure c(e*e- — n*ny) at fixed s —< N\/\ 4
‘ e - 1
Exploit ISR to extract c(e'e” — ') ee., | bis dI’,

for \'s” from 2m_—> \'s S \ S
(s =s—2Eyns) . — s’

Have to watch out for hard FSR;

* Rate ~ same order as ISR signal e e +
* FSR causes events with M,, = = s to S ? h adr
be assigned to lower \s’ Values v S S T
—I\N‘
Have to properly include radiative corrections, g:‘

Must remove vacuum polarization, ;
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Measurement of s(e*e —>nny) @

1 Two high-0 tracks from a vertex close to IP

e

\WEY
50° — 130°

i

1 Compute photon momentum,
without explicit y detection:

py = Pet ™ Pee = Prv— P

jur

HHHHIIm

(] Select signal with a small-6
photon, to enhance ISR:
dogr/dQ ~ 1/sin’0
e relative contribution of hard FSR
below the % level over entire
M__ . spectrum
* no acceptance for M__ < 600 MeV

* Reduce background

Il

h\)l\

S

Residual background from n*nn®, ete™y, u uy

Moriond EWK 04 S.Miscetti
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Preliminary result: o(ntny)

 Luminosity from e"e*(y) counts,

do_ (efe” —> n™ny) (nb/GeV?)

60 [ 2 o
55°<0,<125°, o calculated at dM,., o
0.5%, experimental accuracy 0.3% 0 S ik
50 o .
1 Experimental M__2 resolution Y L
unfolded in all spectra shown me A
Radiator function H(M__?), defined as: 30} S o .
o o°
do(nmy, M_2) . & %
dM 2 = H(Mﬁﬂz) G(TCTC, Mm‘cz)? 201 ° i i
i ml NS ¢ ™' Erom PHOKHARA
with inclusion of ra 1at1.V6 effects, or &£ v o« H M_2) .
from QED MC calculation & et
& onn W'M.
(PHOKHARA, 04 05 0 gm .ol7 03 09
Karlsuhe Theory Group, Kiihn et al.) Mmz (GeV2)
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Preliminary result :

ap

Calculating the dispersion integral, g(ete- —> ) =

a hadm (0.35<M_2<0.95 GeV?) =

(389.2+ 0.8 + 4.7, +3.9,)1070 | [|[F 2| .+
40 " | —KLOE
Comparison with CMD2: ; o CMD?2
a hedmn(0.37< M, 2< 0.93 GeV?): F,J ‘LE
KLOE Iy I
(376.5 + 0.8, + 5.9, ¢.q,) 10710 |, 5 i
CMD2 Hf "

(378.6 £ 2.7 5 + 2.3, 5,y) 1070 | ra d i”x_
 Measurements agree 3 e .
* ete” — T discrepancy confirmed0 | 0.5 0.7 0.9

M_2 (GeV?)
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a: Prospects n*ny at large angles @

v Measure o(nn) in the region 40007
J ‘N(ny) / MeV
close to threshold, M, <600 MeV, .4}
responsible for ~20% of a fa
v" This region currently 2000 |
excluded by angular selection ;
1000 |
Contribution 1938 _I 3
1000} 0 @, (x10™) 1031
ool O(mm), nb é >
sl 987 - I
) ] 102}
400 493 i
2008 174 g 202
1 1 x 1 1 1 ] 10 E (MGV)
400 500 600 700 800 900 1000 | |
Mv* (MeV) 300 400 500 600 700 800 900
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Other on-going analysis (I)

O ™y at large angle. Study interference pattern FSR and ® — fyy
(first hints of an f,(980) signal)

Q 770y high stat. sample for ® — fyy — 7m0y
- separate not resonant vs resonant contribution

- fit Dalitz plot to study interference between ® — Sy and VDM production

M, (GeV?) 0.6 4 ¢ . (e'e” > on’ - n'1t%) (nb)

0.2
0.67 ST BT
<_' - 75 o, (e"e” — scalar y — nt%) (nb)
- 0.6 [
02 25 | Y
TN i AT 04 [ ¥
0.6 M2(GoVD) 02 Lottt o

LaThuile 21-28/March/04 Moriond EWK 04 S.Miscetti 32



Other on-going analysis (ll)

d ~ 20 million n’s produced
Search for forbidden n decays:

C violating:  BR(n — yyy) < 1.7 10, 90% CL, hep-ex/0402011
CP, P violating: BR(n = n*n7) <9 10, 90% CL, in prog
Precision studies of meson dynamics:

% L.
Dalitz plot analyses of 1 — 3w, 1 — wyy, and n — wrny IOQCI/

 Pseudoscalar mixing angle measurements, ¢ —> n'y
Analysis of n*n~37% final states from decay chain " — nnrn, 1 — 3n

BR($ - n7) = (6.04+0.10,,,30.36,,,)105 &z

stat—

Org
. O,
e confirm previous KLOE result 0710 B
e can extract mixing angle, uncertainty better than 1-degree 302
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Other on-going analysis (ll)

Q ®-meson properties:

« Combined line-shape fit in principal decay channels
* Measurement of ['(¢p — e*e”) from FB asymmetry vs Vs
* Measurement of I'(¢ — p'y’) from o, vs Vs

0.625 -

0.62

0.615 -

1016 1018 1020 1022 1024 30 '1(;16 T AT S 1(,;22' Ly

Vs (MeV) Vs (MeV)
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Summary KL
KAON physics:

O Sensitivity to K, BR’s at the 10”7 level (preliminary UL for Kg — 37°)

[ Measurement of K_, mode at the % level, 10> accuracy on Aq

Measurement of BR’s for semileptonic K; and K™ decays in progress
« Huge statistics, uncertainty will be limited by systematics

« Will clarify situation concerning V
Non Kaon physics:

L Analysis of o(had) at small angles almost completed (draft in preparation)
Measurement of a "** with 6 10~"" total error, o(e*e” — n*n") at 1.6%

Large angles meas. in progress: a " contribution for M., < 600 MeV

w

A lot of measurement in progress on light scalar, pseudoscalar mesons
and on determination of lineshape and I';;
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