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@| . DA®NE: theFrascati ¢-factory — ,xes
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« Number of bunches: 45 - 120 o a—
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PP oIS > Accumulator . " i <_L”E"i
N . _.
* Bunch current: 20 mA - 40 mA —\TestBeamelf

e Single bunch luminosity: 1-:1030cm=2s-1 -+ 4 .10 cm=2s-1
» Peak luminosity: 51031 cm—2s1 - 5102 cm=—2s1

e Daily luminosity: 3 pbt
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& - KL OE detector y

.
Kaon beams, pure and monochromatic:
P = 110 MeV/c

» drives IP surroundings

/I(KL) =35m (r=51.7 ns)
» drives detector size

A(K%) = 95 cm (r=12.4 ns

| sc coil
Iron Yoke| ‘55 kG

| nteraction region:
| nstrument quadrupoles,
Al-Be spherical beam pipe

He based
Drift chamber

Pb-SciFi
Calorimeter
(barrel+endcap)
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4 m diameter x 3.3 m length
90% He-10% i1C,H,,
12582/52140 sense/total wires

All-stereo geometry

3 Em (2 cm for the 12 innerrhost layers)

ap/p = 0.4 % (for 90° tracks)
0, = 130 um
0o, =2mm

Nucl. Instr. Meth. A, in print
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KLOE detector: drift chamber
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= 497.7 MeV/c?
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Lead
*mm L ead/scintillating fiber
A 4880 PMTs

98% coverage of solid angle
15 X, depth (5%4.4 cm granularity )

Provides 1% level trigger S
0:/E = 5.7%/VE(GeV)
a0y
0, = 54 psVE(GeV) & 50 ps Lo N
. o - {o M_ =135MeV/c?
(finite bunch-length contribution subtracted) & o vy
. A\ 0, = 15 MeV/c?
Oyy = 1.2cm o M ey
_ s N >yy
GZ — 12/\/E(GeV) “”ﬁ \H
ao ' M, =546 MeV/c?
Nuc!. Instr. Meth. A482 (2002) 364 o SN oy = 42 MeV/c?
Nuc!. Instr. Meth. A483 (2002) 649 S
Pacly Valentz MW (M eV/ C2) 5
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KLOE physics program —-Z‘OSSG
¢'le with double ratio O&
/ Semileptonic asymmetry (CPT test)

K Kg Interferometry

K, form factors, rare K, K, = 27,K, = vy, K* decays
200 pb'L / o(ete = mtm~) to <1 % (stat)

Ongoing analysis...

Ksphysics: BR(Ks— t7~)/BR(Kg - 7%70),
Y BR(K;~> 7ev)
¢ radiative decays. ¢ — fyy, agy, ¢ =1’y, ny

\ Papersin print...

Engineering run
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ig Kstagging: K, interactions Meo
-

O

e Clean Kqtagging by time-of-flight identification of
K, interactions in the calorimeter:

_— ]

B* (= K_ velocity inthe ¢ rest frame) = 0.218

300 B=0.2133
o(8)=0.0039
200 or

o(t)=700 ps
100

B(K,)
0.20 0.22 0.24
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Beam energy E’%

op = 0.0039 trandates into an error in the machine energy W:
OoW(K,) ~ 0.8 MeV from one event

.. but of course we have another independend estimate of machine energy W,
using charged tracksin Kg —= 7zt

op(Kg) ~ 0.4 MeV from one event

L ® From #(K,). Ky»a'a
® From #l A £} A h—-'-n_'rJ'I.‘:I'ILI

o B o
L019.5 ¥ * From Ju[h.,“r Mg=m T

W= 2m (6) 1019.4 Py E *’ *
10193 *dll‘_ A #L ##
« B, =ym = O = B py?op 1019.2 |

LS. ] [Erim [Ne

1 | | l l 1 | ] 1 !

1Lt | g L7 15 L2200 17250
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Beam energy spread E’%

» Get beam energy spread by comparing W<+W, and W.—W, distributions:

Y N

2 — 2 2 )
0" =0 beam T O detector 0" =0 detector

Intrinsic DAPNE energy spread

il:.l:f'n-i W=1019 MeV. S1~0.65 Mev
- E=510. dE~0.4 MeV

t | h +

(4
Run nr.

1.0

(s

n?rF

| | |
17050 L7 LK) L7150 17200 1725
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& K< mass Y
g S

(&)
; S@

y m?K = (W/2)2— ps

« W from ete~ invariant mass, p,s from Ke=>mtm~
» absolute scale from ¢ resonance scan

(normalized to m, Novosikirsk with resonant depolarization)
» take into account radiative corrections

"B = mP + PP > OBy =60
* P = B% — (Pt P,_)? = Oy = 26-0p

e e om, ~ 0.4% with one event
| % l .H il i)
a=430 keV T B
oo m(Kg) = 497.583 + 0.005; + O.OZOSyst MeV/c?
R
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s £0g,

e ['(Kg—= ™)/ I'(Kg— 707Y)

1. Itisthefirst part of the doubleratio

Experiments measure double ratio at 0.1% but the single ratio only
at 1%; KLOE aims to measure each single ratio (K, and K¢) at 0.1%

2. It alowsthe extraction of isospin amplitudes and phases when the
soft y’sin Kg = tz~y are consistently treated

o ['(Ks— mey) / T'(Kg— 7'71Y)

If CPT iIsOK and AS=AQ isat work: I'(Kg—= wev) =T'(K, = zev)

e DA®NE provides a pure Ksbeam - unique opportunity

DS 1S e L 11
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@ @ Kseata/Kg—= a'zn’: selection e
- %
» Kq tagging
g S

o 2 tracks from IP e >3 neutral prompt clusters

» acceptance and loose p cuts, efficiency * energy and time cuts (z%->yete- included),

from MC efficiency from MC

* single-track reconstruction efficiency » photon detection efficiency from data

from data (Ks— w*z~ subsamples), used (¢ = nta—n® sample), used to scale MC

toscaeMC

. .

« Single-particle t, and trigger efficiencies from data plugged into MC
(Kg= = but lso K = ztn—nl, ¢ = ntn—n0)

DS 1S e L 12
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@ K= ata /K= 270 efficiencies
<

&
S5 20,

Tracking efficiency: Data/M C ratio

g LT e Photon detection efficiency: Data/M C ratio
L L Al il
g ! S e | 1.05
o + L
08 | Ed
: 095 14 ¢ vs, photon energy
Q.7 o o
| ¢ Vs, transverse momentun| 05 W (polar angle 60° < 6 < 120°)
06 L
e T T R 0 50 100 150 200 250 300 350
P‘r (MeVich EI.;'L“'{T} {ME":F}
2 L o/ et HE [ W 103
L AQ 0.%401
3 LE - — P — 1
(_|.'| : b o
08 .
: | | 0.95 - € VS. photon energy
08 € VS. polar angie 09 | (polar angle 30° < O < 60°,
07 | 120° < 6 < 150°)
06 - 083 50 100 150 200 250 300 350
s :...I...I...I...I...I...I...I...I... EM{T}[MEv}
0 20 4 &0 8 100 1270 140 ed LEQ
0 angle (degices)
= A S . 13
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‘:‘ﬁﬂ\ KSQ .TL'+.7-E_ / KSQ ]'L'O.TL'O: reSUItS 74

E

.= i 5 1%’! SG
o 20g
Fully inclusive measurement:

€7, (E,*) from M C and folded into theoretical y spectrum
[ Cirigliano, Donoghue, Golowich 2000]

- Contribution to systematicerror | %
arsf oY Kg= n7n%Kg—= o~ tag 0.55
photon counting 0.20
M'\-"‘m,‘ trigger and t, 0.23
tracking 0.26
0.25- N; Overall systematic error 0.68
f. I
'rﬂ"ﬁ#j + Nota bene: efficiencies estimated using data control samples
00 320 40 60 80 100 120 i40 160 (statistically limited)
E; {MeV) Goal: reach 0.1% systematic uncertainty [1.7-104 on Re(e’/e)]

« KLOE 2000 data:

2.236 + 0.0034,; = 0.01544 Accepted by Phys. Lett. B

(PDG: 2.197 + 0.026, without clear indication of E,* cut) hep-ex/0204024

DS VS e L 14

T WENEFW &



4 Ks— mev: selection M

* Kg t};\ggi ng

» charged vertex at IP: r<8cm , |zl<10cm

Krakdv, 27 May 2002

&
SG
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acceptance and selection efficiency from MC

N

» 2 tracks with associated calorimeter clusters » Tracking, track/cluster association efficiencies

* Preselection on M__ and Kg momentum

» Time of flight e/ identification cut on:
ot(m) =t —t.0.f.(hyphotesis m)

measured

e Kinematic closure of event...

Monte Carlo K= st~

from data (several control samples)

-~ efficiency from data: K - wev early decays

Monte Carlo Kg—> mey Data 2000

Oluwa i

St(el)-0t(2)

Odusaynirm

Odusx i

ot(e2)-0t(r1) 15
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Ks— mev: results ss..
... kinematically close the event using p, to get p, :
300 . .
Contributionsto total error %
250 e Data 2000 (after t.o.f. cut) —
50 + H*i.‘.r Tracking + vertex efficiency 2.0
_— . d Cluster, t, , trigger 0.9
30 __"'_ N TOF selection efficiency 0.8
- "'-U'.l"..-l-"' ) 1 o
Y40 30 20 -10 O 10 20 30 40 Teg efficiency 0.6
Emiss' I:)miss (M eV) igie! 2

* KL OE 2000: ( 6.91 % 0.34,, * 0.15 ) - 10

¢ Fit Signal+Background M C shape:
624 + 30 events

+» Correct for efficiencies

BR(Ks—> % € v)

Phys. Lett. B 535 (2002), 37
D VS an Lo

7 ACIE VAIEWE (Dedicated to the memory of L. Paoluz) 16




Krakdv, 27 May 2002

@  Scalar and pseudoscalar mesons  ages,
@ > PO~*), S(0+*) 7 N

JPC =+ JPC =(++
According to quark model: According to quark model:
70 = (Jui)-|ddy)V2 ~ a8, = (|uty-|ddy)/V2
1 = Cosup (ut)+|dd))V2 + sinc [sS) o = (Jut)y+|dd))V2
n' =-sina, (Jub)+|dd))/V2 + cosc, |sS) f, = |55
= |S) (¢, =0)

&

fo, g are not easily interpreted as qq states....

* no other content, (gluonic)? 3 different possibilities

Xylud) +Y,,|ss) + Z,,|Gluonium) * qOoq states (lower mass) [Jaffe 1977]
« KK molecule (M(fy,a) ~ 2M,) [Weinstein, Isgur 1990]

* £,(980), 8,(980), o - qq nonet [Tornqvist 1999
DS VS L 17



&l ¢ — pseudoscalars + y e
& (9]
g %
»-=>nYy \
factory!
! / A
70 =y () f Ly s s
’ : racks +
| p-eny . ’
I
| > natm~
¥, eneegy spectrum BTy e )

[oa =
1500
o 60 MeV Ll:r"; from n
50

0

n=vvy
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¥, energy m By By

Background from ¢ — -t~z and KK

18
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@ ¢ =>ny s
s ™
e CutonE,_,+E__torgect ¢ - wtx~x°background

e Kinematic fit (with global 4-momentum conservation, N0 mass costraints)

* CutinE, vs. E,

(2 hardest photons) " 500
Ll :
M
wv in
L1 g
i |
It
3 a0 o0 990 1o 100,53 g 5k ™50 0% 500
E,
Daoks Unlende Background estimated from data 19
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&l ¢—=>nyl¢—=>ny

-

BR(qb - n'y)[BR(@ = ny) = (5.3 £ 0.544 = 0.34) ‘107
= cotg¥(ap)-(p3,/ p3,) assuming ¢ = [ss)

= (40.0*%7, )° (flavor basis)
¢p = (14.7*17 )° (octet-singlet basis)

ﬂ\
'a‘ls
/'

H“n—

Using PDG value for BR(¢ — ny):
BR(¢ = n'y) = (6.8 = 0.644 = 0.5,4) -10°

In

iR

& BR(¢ = 1'y)
o : ! KLOE 01
- FeR T N

HLOELDO) -
CRDZ{DTY
SHD{ER} D 2 O8Oy

hep-ex/0107022
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Y, |
| KLOE n'y/ny
08 |-
0 &
a4 N=>yyIn=>yy
0z
1 =>pylw->my
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&l ¢ —> scalars+y M
Motivations:
¢— Ty, @ = agy decays are sengitive to f,(980) (1=0) and a,(980) (I=1) nature

Phenomenological framework (kaon loop model) = coupling constants
[Achasov, Ivanchenko, Nucl. Phys. B315 (1989) 465]

radiativey / from (¢ = K*K")
£ a ® g(pKK)
| ® g(f)KK) g(aKK) }
¢ EEEEENER O f , del
< ® g(fyr) gaym) | "
Kaon loop final state \

from M(7%7%), M(n°) spectra

DS 1S e L 22
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j;‘g ¢ - scalars + 14 M
-

(&)
Ph, SG
S 20

5y (207" — , [SND: (1.22+0.10 +0.06)-10*;
CMD-2: (1.08+0.17+0.09)-104

¢ —=>agy ;
5y —_ , [SND: (88+14+09)1075;
L, Nl \ CMD-2 (9.0 +2.4+1.0)-10 5]
L, Oy (n'7'70)
YV, TITTT 7 By +2tracks (wta~n%) —> Not seen

e 5y, 13 kinematic fit + y pairings + 2" fit (n/7 mass)

 Background: from 5y processes, mainly wzs?;
3/7y from ny;
%% main background to 70 .

o 5y + 2 tracks, kinematic fit+ M__ __ cut + 2" fit (y/7 mass)
» Background: same topology (very low);
Facle Valentz 2 tracks+4/6 y from wm® or K +early K, . 23
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¢ = a1y Mo

O

BR(¢ - 7%7%) = (1.09 % 0.034,, = 0.05,)-10

-'E " O—(f ey
= |
_ 0— Ly ]
Fit to the M(7z%?) spectrum (kaon loop): =R oy L;d
contributions from: ¢ = iy, ¢ > oy g lnterference 7
+ “strong” negative interference s »
(Contribution from ¢ — p°z® - %% not considered)
! s - - T b e
Fit results: — ™, . .--"I'hferference
M(f)) = 973 = 1 MeV 2 M e S0 o 70 w0 s00 oo
g2(f,KK)/4m = 2.79 + 0.12 GeV/? M (797%) (MeV/c?)
g(f ) /9(f,KK) = 0.50 = 0.01
g(poy) = 0.060 + 0.008
BR(¢ - fgy - 707%) = (1.49 + 0.07)-10 Phys. Lett. B 537 (2002), 21
DS VS e L 24
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13 ¢ = Ny P
' (9
BR(® = agy = na'y) = (8.520.54,+0.64,¢)-10° (5y)

= (8.0% 0.644,+0.5,,,)-105 (5y+21)

s A +
Fit to the M (") spectrum: / : M*
(57)

2 samples: n = yy

n = ata—n0 (5y+2 tracks) — s,
_— >
contribution from ¢ = a;y y ‘I_"M_LL*_’

(negligible contribution from ¢ = p7Y - nzdy) R A A EN N
M(nnV) (MeV/c?)

——

Ty 150 L] f L] L] iy TERE

Evemis
E

Evenis

Fit results:
gz(aOKK)/4ar =0.40 + 0.04 GeV?2 B
o) lgaKK) =135 + 009
M(a,) = 984.8 MeV/c? (PDG)

B R M (x107 ey

BR(¢ - agy - ) = (7.4 £ 0.7)-10° M(nn®) (MeV/c?)

Pacte Valentz Phys. Lett. B 536 (2002), 209 25
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KLOE vs. models

Krakdv, 27 May 2002
_M

&
SG
2()0

Parameter KLOE result 4g model
g?(fKK)/4m (GeV?) 2.79 + 0.12 “super-alowed” (few GeV?)
o(f ) /9(f KK) 0.50 = 0.01 0.3-0.5
9% (a,K K)/4x (GeV?) 0.40 = 0.04 “super-allowed” (few GeV?)
a(ag) 19(aK K) 1.35 =+ 0.09 0.91

* 49 not compatible a, parameters;
* 49 compatible with f, parameters;

26
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gﬂ“ Hadronic cross section & (g-2),

&
Sk
ik 208
Y

ﬁm;ﬁ

* do/dQ?(ete~— hadronsty) = g(ete~— hadrons,Q?)-H(Q? cos,)

« KLOE can measure do/dQ?*(ete~ - hadrons+ty) for
(2M_)2 < Q? < (|\/|¢)2 Q*=M?, —2M_E,

usingete” - xtx~y witha y radiated ininitial state (ISR) | e™ Y T

(complementary approach to the standard energy scan |

* ~70% of 6a M (5000-1011) comesfromthisinterval inM,_ Y
[ Jegerlehner; hep-ph/0104304] C 7T
Bty L fos. L

T WENEFW & 27
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+a— +
e'e =>ma'm '}/ _MSSG
20&0 ,
do/dM2,_ = (NOPS—NPkI)/AMZ. - (L)L
o j
Luminosity from Bhabha
(1% accuracy, cross-check with yy)

Efficiency

Edll IH8Y] o<l w il Wl w Ok w i e w S m H e S S

Precise knowledge of ISR and FSR are required, including all radiative corrections
KLOE can give asignificant contribution, expecially at low Q? (down to 0.6 GeV?)

?ﬂ.ﬂ!{l .'J":l J’:lia -:-u-

OV AEFW S 28



Krakdv, 27 May 2002

ete” >atay Meo

S
large angle gw
N\ NN « 2 different samples are selected:

/

N\ /

small angle: 6., < 15° and 6,,,, > 165°

\ / — highest cross section;

small angl —small background from mm;ﬂ!
—noy tagging available r esbnance
7 T v tagging =P
7 R

()

— accemptance losses /

& /

~
NN

largeangle: 55°< 6, < 125°

—large background from szzzsr, especialy at low Q% |+ gt his i 'affl\'/'laz‘a' T T
— FSR contamination; L

—requirey: possibility of using the calorimeter to discriminate - m__ at threshold

DS WS e L 29
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a _3‘ 4, — - - . Meo
<& wta~y Identification N
2 —2 5 2

g =My —VP:+ My =P+ Mg | =0

Likelihood using t.o.f. and shower profile

asm |- 25°% Bf-:: 155°, 50°< 8 _<130° Mtr ack

eey

)y Tt et S P T ORI

track




doldQ¥(ete~ - wtay) %

large angle (45kevents) small angle (265 kevents)

-
mn

g 7,
T eMC %
. .data *- L

&

<
O

b

e data :

8

R R R R e e

4 el ' *
iy HH & .
s | ¢+ =k . I,
k .T‘-i

i E 1 "'

L] 10 k= -
1 - 4 £ 1

o 4 o
L "F '
-lllll '!? E t-

=]

o [ -.-Z [ IJ ] [T [=X ] [ [ <1 -

i 'l | Lk i P |I il
.z IJ] i "'5 8]

(DATA MC)/MC (%)

do(ete » mtay)ldM2Z_(nbiGeV?)
do(ete » mtay)ldM2Z_(nbiGeV?)
EP (4]

(DATA MC)/MC(%)

: i i i E i i i
NN : | Al I, TN
H H :+ . _”:,: ' v I*IH'* '_‘ Tt'*'++:‘

i 1 R e T T
=20 B S |-------"""""L """ 20 froeeee Feentd. .'"""'.""""i ....... femenans Frenenes e
e e B 1 R e ey IR, ST —ap _:.‘ e e S S
2 SRlilt SECELEE ELEE [k Tt Al freneee i Rt Bttt —& ;_..-...:,... et S e

ITRN N 1 L] I M ERI NI RN CE A FE T F
- = watd i saadeaas biaaa loaaalanialiaaslaiiel
a bl & 03 04 05 DE AT QB 0% i :-"-:""""'J:‘"' r 1 y
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do/dQ?(e*e” = m*~y) ﬁ

e KLOE 2001 data (175 pb-1t) are enough to measure the hadronic cross-section
o(ete” » wtx~) with astatistical uncertainty of ~ 0.15% for small angle
sample and ~ 0.3% for large angle sample.

» The new NLO generator from Kuhn et al. improves the theoretical description
of ISR.

The uncertainty from unaccounted higher order ISR is estimated to be
around 0.5% [ hep-ph/0112184]

» Expected improvement in the knowledge of the radiator function and in the
luminosity measurement.

DS WS e Lo 32
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_M

Hadronic cross-section with radiative return

Y ear 2000 results x10 statistics + improve systematic. In
particular:

e BR(Kg—7* e*v) downto 2%; first look at charge asymmetry
o TI'(Ke=mta=(y)IT(Ks>x'7") down to 0.1% (work on systematic)
e  High statistics a, spectrum

Ko =yy /K = 3n°
Dynamics of the¢p - ntn~n" decay - p* p~ p' parameters
Upper limit onn - yyy

Charged kaons: 0.6-10° tags/pb1, but sensitive to machine
background conditions...

SN

Qg Analysesin progress N

33
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_Me
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K. = yy/K =7°77*:
K, = 777" well measured in al the fiducial volume:
Measurement of 7,

Drift Chamber volume

| |
| |
8000 i ! Entries: 3?%2!
[ | X/ndf. 9372 51|
F P1 6200. £ 22.76
7000 r I P2 51.5q_:l: .8401
6000 f
5000 |
4000 |
: =%
2000 | : .
7" = (51.7. £ 0.4) ns | 'th
I [ |
1000 - |
0 L . . . L . L . L .
5 10 15 20 25 30
T (n9)

— MC signal

Data

— MC background

Entr

9263

S . =.8537.%+.1

17

350 |

B =725+ 92

300 |

4

N

\\
—

\

=106/ 100
S/B=i12

250 |

N

g
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._

N

200 |

\\“

N\ \\\\ii\\Q
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N\

N\
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N\
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50 |

¢

'y
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Nk

r
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2

N
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7
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77

\\\ QAN

NN

N\
N\
N\
N\
\
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o
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% N

0000
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350 400 450 500
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600

650 700
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¥ Conclusions ﬁ

* DAO®NE improved continuously during the first three years of KLOE data taking

ﬂ

» The KLOE detector is performing well

* From 2000 data we measured:
* BR(Ks = ntm~)/BR(Kg = 7%7°)
e BR(Kg — e v)
« p->fiy>n'ny —> i
Irst set of KLOE papers
 p—>agy-—>nu'y Pap
P>y, 9>y

» From 2001 data, we expect results from:

* KL > 27, K*decays, K, > yy decays — Next round of KLOE papers
-RareK sdecays ( BR ~ 105)

. a(e+e— - ) by ISR to < 1% statistical error

* Further improvements expected in 2002...
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+  Conclusions|!: what next? ﬁ

ﬂ

* 500 pb! by the end of 2002 —> MoreresultsfromKLOE...

* December 2002: Start long shutdown ~ 6 months

New interaction region: quadrupole triplet - “tunable” doublet
Thiswas very effective in background reduction for IP2 (DEAR)

e Goal peak luminosity: 5 -10%2 cm?2st — Here comes CP!
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Eventyield with 200pbt S,

Kg 2 -108 0.6 -108tagged (K, visible interactions)
o Kg—=> o™ 0.3-10%+BR ~ 2 x107
o Kg—=> 7070 0.3-10%BR ~ 1 x107
o Kg—>mey 0.9-10’« BR ~ 6700
o Kg=>yy 3.3.107« BR ~70
« K= n%*e (Single Event Sensitivity) 0.8-1.5:107
o Kg—= %% (Single Event Sensitivity) 3108
K, 2 -108 0.9 -108tagged (Kg— 7r*7-)
K, Decay inFV (D.C)) 2.5 107
K =atm ~ 2.7 104
K, = %70 ~1.0-104
K =y ~0.5-10%
K- 3-.108 0.7 -108 tagged
Reconstructed K+ (K-) 5-107
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_Me
Ks = mrev result ﬁ
90
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& Online calibration Wy

= S5
"« Detector cdibrated on-line (run by run ~ 0.1 pbt ~ 1hour), before Qooxb
starting quasi-online event reconstruction and classification:

Drift Chamber st relations (Bhabha)
Drift Chamber momentum scale (M__from Kg—=> tm~)
Calorimeter energy scale (0.1%) (ete™ = yy)

Calorimeter time scale (0.1%) + offset (20 ps) “
vSandp, (Bhabha, Kg K,)

Events
a

- Pt
1Ep F o .\ | ” |I | I n )
Dol Ly | O i g iy JJJgﬁ-l-{.ﬁ"!“'t-;!-*-',-ﬁ A 40
SLRELATION (R Jeins) |




