The Physics of KLOE

Paolo Franzini

Universita di Roma, La Sapienza

LNF, May 2007



OUTLINE

1. The ¢—factory
(a) eTe —d
(b) p—KOKO KoK
(c) High luminosity
. DAPNE

. KLOE

. Kaons

. 5=0 mesons

. Hadronic cross section

LNF, May 2007 Paolo Franzini - The Physics of KLOE 2



S
tex

this
1

eTe™ — uTu~ Reference process
4o 5,u(3 — 53)

o(ete” —ptp™) = 3. 5
_ _ 86.854 nb
o(ete” —ptp™) = 5
s/(1 GeV~)
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o(eTe” —qq) =
Q2 x o(ete — )

o(eTe™ — hadrons) =

3 Q3 x alete — ptu)

o(eTe~ — hadrons)

R = = 2

o(ete™ — ptTp™)

for g =u, d, s
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etTe~—¢ for W=1020 MeV

My =M—irj21

127 el M2 127 M2 2
o -y — —
sl T g (M2 —8)24 M2r2 T s (M2 — 5)2 4 M2r2

$: s5, 3S7 bound state with JF¢=1——

12
olete™ = @) ~ T”Bee — 0.011 GeV—2 ~ 4000nb

o(hadr)~(5/3)x87~100 nb.
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A charged kaon factory

A neutral kaon factory

An n factory
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Kg and Ky, decay lengths

eTe™ beams collide at 27-25 mrad, py;=25 MeV/c

116
(yBerr) = 3.4 m 14
Drives detector size 112
110

Drives IP surroundings V6T

O (deg)
25 50 75 100 125 150 175

(Bro) = 0.225
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| ¢—>KOI{O |

‘K07p>|K07_p> o |K0,p>‘KO,—p>
V2

1) =

|Kg)=p/|K°) +¢|K°) % +1d1? =1
|Kp)=p|K°) —q| K°) pl* + lg* =1

_ | Ks,p)|Kp,—p) — | K, )| Ks, —P)
v2(qp’ + ¢'p)

K
CPT invariance requires p’ = p and ¢’ = ¢
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I Pure Beamsl

1. Pure, K7, Kg, K9, K9 beams
2. Kaon interferometry

eTe™ - KgKg or K; Kt
ete” — ¢ — KgKj,
KLOE measured, <108

~ few x 1010

Only way to get a true Kg beam

Unique opportunity to study:

Kg BR's to high accuracy

K¢ Rare decays: Kg semileptonic... Kg—n97m979, (Kg—nOup)
in addition to CP and CPT', the original mission of KLOE.
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Interference

tq ¢ to

@ @ L
J1 Ko K7 K, Ks J2

I(f1, fo, t1,t2) = [{ f1] Kg)|?|{ f2| Kg)|2e T s/ 2x
[In1|%e" A2 4 |np|2e T sAY2 _ 21| |na| cos(Amt + ¢1 — ¢o)]

1
I(fi, f2i &) = _{f1l Kg)(f2l Kg)I* % [In1 |2 227+
ma|2e™ T SAE — 21y |Inale ™ A2 cos(AmAL + ¢1 — ¢o)]

Measure AM, ', n; — including phases.

= G0y, arg(n) = ¢
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Interference examples
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First observation of coherence in neutral KK system
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Event rate=Lxo

L= fortte

C
47 oy oy

SO0, increase N, decrease bunch sizel!
= Instabilities blow up bunch size

Go to many bunches, same problem

Many bunches in separated rings!!

this
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High L colliders
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1 ring collider 2 rings collider
141 eTe™ bunches N-4N bunches, £L=NxLg
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DAPNE RINGS

— KLOE
17

PIT

SPLITTER
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Crossing angle=12.5+4+12.5 mrad
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EF Yér/EE ﬁa I

S.C.| COIL

Cryostat
Barrel EMC

'=——DRIFT CHAMBER—

Pole Piec

End Cap EMC

6 m
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200 fiber layers + 200 pb layers

430 cm longx 23 cm thick
Trapezoidal x-section, bases 59 and 52 cm
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52,000 wires - Al 4+ W.

All C-fiber
construction.

Spherical end-plates
tensioned while

| stringing.
He + 10% iSO—C4H10—|—

water 0.5%.
Wire tension measured

ihin
[RLPEE

5
W
3£

=5
f:

electrostatically.
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| KLOE]

Calorimeter
Pb-scintillating fibers
L <45 m
Both ends read out
48380 pm tubes
o(FE)/E=5.7T% at 1 GeV
o(t)=70 ps at 1 GeV
o(x,y)=1.2 cm
oc(z)=1.2 cm at 1 GeV
Provides trigger signals

Drift chamber
4 m dia., 3.5 m long
12,000 cells, 2x2, 3x3 cm?
All stereo, variable
o(d)~120 um
B=6 kG
o(p;)/p;=0.4 %, 60 >45°
dE/dx, 12-wire groups
Provides trigger signals
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[KLOE]

KLOE

Trigger

Single energy release in EMC
Dual thresholds
Combinatorial logic
Saturated hit counts in DC

layers, fast and slow
Slow count can abort trigger
Bhabha trigger
Cosmic ray veto
Luminosity measurements

Calibration
EMC E:. Cosmic rays
el
EMC t. Cosmic rays
el
DC s —t: Cosmic rays
. Bhabha
Momentum scale: Mg
Calibration from data,
requires ~1 h (100 nb—1)
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Feedback to DA®NE, in real time

Luminosity
Machine energy
Beam X-ing position
X-ing angle
Beam size, except vertical
Background counts
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T he first events, April '99

K5—>7T+7T_, Ky—ntTn— K¢—m979, K; interacts in ECal
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o — KoK KS—>7T+7T_ or Kg—nOn0—4~

Val

510
110

0.2

1.04

15-300
100-300

LNF, May 2007 Paolo Franzini - The Physics of KLOE 31



LNF, May 2007 Paolo Franzini - The Physics of KLOE 32




Neutral particles in KLOE

Identify “Kj-crash”™

Locating K9—~. .. point _
B(KL) in ¢ CM

A Calorimeter

3001 $=0.2133

o(8)=0.0039

or

“#D 200}
i o()=T700 ps

100

| B
0.20 0.22 0.24

OW(DADONE)=1 MeV
gives 0=0.004
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Find K; decay point from ¢t(I — A)
and Kg direction




For events with K¢—nTr~and K -crash we have two independent
measurements of W: Wg and W;. We take the difference and
sum of the two value, A = Wg — Wy, and > = Wg+ W;. The
intrinsic machine energy spread cancelsin A. The rms fluctuation
of A is the KLOE energy resolution o while for 2= the fluctuation
is \/a%—l—a%/, where oy, is the DA®NE intrinsic energy spread,

~vV2xog With og the energy spread of the beams.

From the observed rms(A) and rms(X) we find oy .
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DAPNE Energy spread

Use p(Kg) and B(Ky), two independent values of w(DA®PNE)
From w1 + wo, beam spread dependent and wi —wo b. s. ind.:
Intrinsic DA®NE energy spread

f\zns(m W=1019 McV, 0W~0.65 Mev
eV

1.0 - E=510, 6E~0.4 MeV

Wb
"L

IT+

Run nr.
| | | | |

17050 17100 17150 17200 17250
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Absolute scale calibration

o (ur) ¢ SCAN 300,000 Kg events

M = 1019.7 MeV
oM = 10 keV
Calibrates scale by
comparing with g — 2

depolarization mea-
surements
M($p)=1019.460+0.019
MeV (PDG)

W (MeV) Rad corr, 83...

1012 1016 1020 1024 1028
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Kinematics

1 — E%( = m%( + p%( 0E = Bopk
2 - Epr=mr X~ = 0EBx = Exfv°08xk
3 — mix=FEg—@.++5)° dmp = 2B0pk

1. With one event p(Kg — nt7n7) = §Wpaewnp~0.4 MeV
2. With one event B(K;) = ‘WpaepnNE~0.8 MeV
3. With one event m(Kg — nt7~) = KLOE scale to 0.4%
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£ m(¢) — 2m(Kg) = 26 MeV
0o £ (1/2m(¢))* & m*(Ks) + i,
*é 5MKLOEN270 keV
LE 5MDACDNEN220 keV
2000}
IMp,icor~20 keV
o=430 keV
MeV i m(KS]
Loook 197.7 | +
497.6 F + ’ +
m(K) [ CMD NA48 KLOE CMD-2
l 4975 & 87 01 02 03

495 500 MeV
m(Kg) = 497.583 4 0.005 + 0.020 MeV
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Who is right? QED rad corr are site dependent
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1. ~ efficiency vs E, 0
2. Track efficiency
3. Vertex efficiency
4. Trigger efficiency

From KL—>7T+7T_7TO—>7T+7T_’Y’7 y efficiency

find direction and momentum LlO[ B g 00
of one . Compare with clus- ki e
ter finding result. Adjust algo-

' 0.5 ' )
rithm. 100 200 300

All done from data. MC cross checks/adjustments.
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Directly connected to the vector meson wave function and quark

charge.
“Weiskopf - Van Royen formula”, 1967
16042q2 16«
[ee = M2 S|W(O)|2(1— S)
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20 |
10 |
ee—>p—>ee
O -
—10F Interference
20 F 0, degree

40 60 80 100 120
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Asymmetry

Asymmetry

0.891 1 I,,=1.6keV

0.890
T,=1.2keV

0.889 F
0.888 |
0.887 I
W, MeV
| | |
1015 1020 1025
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0,,,(nb) P

/ pp-production

40
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1.6 keV
: - W(Mev)
R S R T N
1018 1022 1024
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0.89 -

088 I =132+0.05+0.03 keV

| | W, MeV
1016 1020 1024

/Teel pu = 1.320+0.018 £ 0.017
po(¢) = 1.320 + 0.023 keV
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Vu S

1. Flavor mixing, Cabibbo '63

(a) Kaons were discovered 60 years ago.

(b) Soon strangeness was introduced to explain, not really
justify maybe, the slowness of the strangeness changing
processes.

(c) |AS|=1 processes were recognized as weak processes, sim-
ilar to nuclear B-decay, muon and pion decays.

(d) By '59 it was clear that |AS|=1 decays where about 20
times slower than |AS|=0 decays.

(e) In '63 Cabibbo introduced flavor mixing. In modern lan-
guage the w-quark couples to dcosé@ -+ ssinf, a vector in
{d, s} space of unit length, sinf ~ 0.25, from K, /7.
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This is usually referred to as unitarity and was invented in
order not to introduce a new Fermi constant.

2. GIM, 1970

Two quark doublets

<Z> (j) ,  Ja=Una(1l—-95)VD

U:(u>, D:<d>, ViV =1, :>V:<cose sin@)

C S —sinfd cosé6
No FCNC. No K%—pupu. M(K;) — M(Kg) ~ T (Kg)

. KM

Three quark doublet, 3x3 unitary mixing matrix = 3 rotations
plus one phase, R is allowed.
Vud Vs Vub
Vekm =

Vib
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Some V's are complex: 6 “unitarity” triangles with same area
and

Vadl® + Vusl® + Vipl? = Vil + [Vus|* +2 x 107> =1
CUSB, 1983, <4 x 107>
4. Measuring |Vys|
F(|AS| =1 decay) o [{f|JaJ?]i)|2 o< G?|Vis|?

(V] J510) = Bra(l — ys)v
(a) Hadron are not pointlike, extra t dependence

(b) SU(3)fiavor breaking

(c) Isospin breaking

(d) But, for 0"—0~ transitions, only vector part contributes
and SU(3) breaking appears only to second order. A& G
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5. Best choice K — wlv:

K; — 50T U (D)

Kg — 50T U (D)

K* — 7% (D)
Ignoring SU(3), SU(2) breaking (and em corrections), from
L-invariance =

(w| IR = ¢; x (f(t) x (P4 p)a+ f-(t) x (P —p)a)
where P, p are the kaon and pion 4-momenta and t = (P—p)?2.

c; depends on the kaon, pion and J, I-spin property and one
must be careful with K+ vs Kg, K.

k e
< Because of SU(3) breaking,

W k' v
Eq:P—p f+-(0) # 1. We shall use

P F(t) = f(O)x f(t) with f(0)=L1.
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6. f(0)
f(0) computed from prime principles. L&R, 1984 gave
f(0)=0.961+0.008. Lattice calculation of f(0) are very promis-
ing and will soon give more precise answers. At the moment
it is the outstanding obstacle to overcome in order to obtain
an accurate measurement of |Vys|

7. From PDG 2004, BR(Ky3) —~2.5%

|Vus|=0.2196, |V,4/=0.9734, > <1. Unitarity fails to ~2c7
BR's are not measured but come from fits to various ratios.

8. BR's Before getting into more details we recall that
(a) Decay Width=Decay Rate=I = 1/7
(b) Branching Ratio, BR;=I";/I"
(c) MN(K; — nljv)=BR(K; — ml;v)/T;
with: =4, L, Sand 3 =e€, u
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(d) My ; o< G?|Vys|? M? I; ; C;. I ; are phase space integrals.
9. Form Factors
Knowledge of the form factors, mentioned above, is necessary

for the calculation of the phase space integrals. Ignoring the
FF leads to errors of as much as 10% on I' or 5% on |Vys|.

10. Corrections
Isospin corrections and radiative corrections must be obtained

and finally we remain with one problem:

11. £(0)
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I Experiments must providel

Lifetimes Branching Ratios The form factor shape

| Charged particles r |

1. Monochromatic beam. Count decays vs path length =time.
Fit decay curve. Beam count not necessary but available.

2. Bring particles to rest. Count decays vs elapsed time from
stop. Fit decay curve. Beam count not necessary but avail-
able.

3. For known initial number Ng, count AN in interval At. ' =
(1/No)(AN/At)

Method 3 never used in particle physics, see later.
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Charged Kaons

Methods 1 and 2, but mostly 2
(1)=12.385%+0.025 ns

—+— Koptev, U 95
Koptev, Cu 95
Ott 71 <« Is wrong,

This error

— Lobkowitz 69
I Fitch 658 too small by ~2
| | |
12.2 12.4 7, ns 12.6

ot/T >2 x 1073
WE ARE MEASURING IT, see next week

fhis LNF, May 2007 Paolo Franzini - The Physics of KLOE
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Data t* measurement: largest fit window

30000~
- -
C .
25000 ™
n ==
20000 — =
— =
- @
15000 ° Data -
- - .
— ¥ -
10000 * Fit s
~ g
- —0—:&:
— -
5000 — e "
- Rifear =
L — =8
o B | | | | | | | | | | | | | | | | | | | | | | | | | | | |
15 20 25 30 35 40
™ (ns)

Fit between 13 and ns 42 (more than 2 lifetimes...)
T pata—12.XXX = 0.0xx ns  y%/ndf=25.7/28, Py*=159.%
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51

The value of 7 and the copious, simple decay
K5—>7T+7T_ make it "“easy' to precisely measure
7(Kg) by method 1. The “beam” is not monochro-
matic and its intensity is not known.

7(K¢)=0.8953 +0.0005; é7/7=5.6 x 10~4

this LNF, May 2007 Paolo Franzini - The Physics of KLOE
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Hardest to measure because:

R 1. Neutral
10 f- ot vs T 2. No 2 body decay
< L 3. Very long decay path
ot/t=R/VN
T T'is the observation
L interval in units of 7
s L
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Monochromatic Kybeam!!

200

150

100

o0

this
1

S
tex

Beam count not known.
KL:>7TO7TO7TO 7(Ky) =50.92+0.17
+ 0.25 or
7(Kj;) = 50.92 +0.30
6T /7=5.9 x 1073
Previous measure-
ment: 8.5 x 103

15 million ev

10” counts/0.5 ns

LNF, May 2007 Paolo Franzini - The Physics of KLOE
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Tagged Kj-beam at DAPNE
NO J d]\/i7 1
M=
dt No

dr=fcdx

Measure directly I';, 7 not necessary

Ideal case

Y all channels=T =1/7

Real life:
0 Lk 0€ Decay
o< > .
Origin rcgion
{1 %)
See l|ater. ..
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IKS—>7T6V|

Kg semileptonic decays. In SM
M(Ks_p3) =T (KL _y3)
AEL = A‘g
At is the leptonic charge asymmetry

Independent of pseudo CVC, SU(2)/SU(3) corrections, hadronic
matrix elements. ..

Only TC'P and AS = AQ! More interesting than direct C'P once
it's been proved it's there. . . . nobody can compute R(¢'/¢€), yet!
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AS = —AQ?!

AS=+AQ! u
M(Kg — nl%v) and AS = AQ S 9""'}"/-'—"<dn
Apparent AS = —AQ K u N
No loops, no susy d W g
<€+

AK — )
- A(K — —7tD)
A(AS = —AQ)
A(AS = AQ)
Exp: z < 1072 ®@90% CL (CPLEAR +6 x 10~3)

~ Gm?2 ~10°

NOT x =

Re = (1/4) (FE/rsé—1)
To improve on x by a factor 10, requires 3000 pb—l.
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Leptonic charge asymmetry
AG— AG=4R5, §=eg—ep # 0= GRK

T here are 3 levels.

1. A% is consistent with 2Re~0.003, 2 fb~ 1.
2. Measure Ag to some significance (30%), 20 fb—1.

3. Improve limits on § = eg — €, requires 200 fb—1. But. ..
No. 3: the new DA®PNE?

The decay K¢—nTeTv(v) was not observed till the year
1999
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Kg semileptonic: Kg — mev
Begin with a “K-crash” as Kg-tag

300

200

100

Events/1 MeV

m-mw#’:? !
-30 -20 -10 0

KLOE -2002

il

e M
630 events | |
?

1 !
¢ _
PR ﬁ Ey |pM|
e ’fﬁ#ﬁwél

10 2

0 30 40

(Kp) =T (Kg) — CPT

Use only non spiralling
tracks TOF for electron ID
Compare FE,iss With |pmissl
Almost complete rejection
of #Tx~ background

'CMD-2 "9

Events
30

40

20

DE, MeV

—50 0 50 100
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Kg — mer, 2005

+ Evts/1 MeV L Evts/1 MeV
- — + | + —_
300 h ++nev 300k ﬁnev
_ + * Data : e Data
600 | H Signal - MC fit 600} 4 Signal - MC fit
[ B Bckgnd - MC fit [ B Bckegnd - MC fit
_ _ ¢
400 by 400} ‘

200 200 i

-40 -20 0 20 40 60 80  -40

We ask for two tracks reaching calorimeter, low eff!, ~22%
Overall efficiency: 21.8%

~13,000 signal events
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IKS—>7T6V|

KLOE: BR(Kg— m eTv(y))=(3.528+0.062) x 10~4

KLOE: BR(Kg— meTv(y))=(3.517+0.058) x 104

KLOE: BR(Kg— nmteTv(y)) = (7.046 +£0.091) x 10~
Fs;3="Trsms: BR(Kg— netv)=(7.116+0.038) x 10~*

Essentially pure sample
Statistics ~500x Novosibirsk
We still have ~x5 more data
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|KS—>7TeV|

The leptonic charge asymmetries A% . :

Agzgi;]]\\;_=2§ﬁ(€ e +d+y+a) T
e < (R in mixing
r < AS=-AQ
§ <= KRK in mixing
y < “direct” &RE, AS = AQ
' <« “direct” &RE, AS = —-AQ

Some terms cancel in A% — A%: measure §

f Signs are symbolic, some change under Kg «— Kj,.
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[+4]

Ag=(1.54+9.6+29) x 1073
Remember that Ag = A; = 2Re ~ 3 x 1073, OK for A;.

We find

AS = AQ is verified, z; = (1.243.6) x 1073 improving by about
x2 over CPLEAR.

Even such a limited first result is of help in deriving consequences
of unitarity. (BSR)
See later for 9 = €, — €g, etc.

LNF, May 2007 Paolo Franzini - The Physics of KLOE 66



Radiation must be included

BR(K—f(v) stand for BR(K—f and K—fv, 0 < w < wmax)

Why? Take for example Ks—>7'(' 7w~ . In the real world the em
2

interaction gives ['{ Q'y + { — oo for w—0. Thus

the decay K—nTxn~ is accompanied by an infinite number of
events with an unobservable photon.
The infinity is however cancelled by an opposite sign contri-

0 T 0 T 0 T 0 i T 2
bution from Ny K<+K<§y+K§+K
at at % at at

1 4 > is finite but contains a correction of O((a/x) In(wg/M)).
wo Is finite and experiment dependent.
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IRadiation Inclusive branching ratiosl

A sharp cut-off on the photon energy could insure a correct con-
nection between theory and experiment. Since however inclusion
or exclusion of photons does affect event acceptance in any ex-
periment, it is far better to give results fully inclusive of radiation
up to the kinematic limit. This requires correct accounting of
radiation in the Monte Carlo detector simulation program.

In the KLOE MC program, Geanfi, radiation is included at the
event generation level, event by event. In the following, even if
not explicitly stated, BRs are totally inclusive of radiation.
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I Dominant Ky, decaysl

Ideally the tag signals the presence of a Ky, independently of its
decay. One thus knows the total number of initial particles and
needs only assign, event by event the Ky to the appropriate decay
mode. In practice one needs determining the
1.'tag bias"” for each decay mode, before trigger check (0.99

to 1.06)
2. detection efficiency for each mode.

In addition decays are accepted over a finite time interval and
the identified number of decays depend on the lifetime. This in
fact is a bonus, since, as noticed already, it allows measuring the
lifetime, always thanks to the tag.
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Dominant Kj decays

K7 production tagged by

Evnts/0.5 MeV

3000 F
L Kg—nTn~. Must remove
.11168, 1 e Data .
- ?t to MC trigger dependence on
R or

decay of Ky, tag bias.
The charged modes are

2000 - B K3

distinguished using

Ay = Min[Emiss — |P|miss]
assigning pion and muon

1000

masses to the two

observed particles
2150 -100  -50 0 50 100 150

A spectrum for 1 out
of 14 data samples.
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Dominant K decays

105;2 ° Data
o M 1 Comparisons with MC
10{.% :?iﬂ/’ By<l 1 prediction of the A¢r
= ) distribution for events

with a recognized

electron. Electron ID
is obtained from time
of flight, momentum

and track length.
All events.

—-200 —-150 —-100 —-50 0 50 100
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Dominant K decays

5[ Events/0.5 MeV

WK,

—-150 —-100 =50

this

is
tex

° Data

0

+ -0
T T
+
T

50
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100

Comparisons with MC
prediction of the A,x
distribution for events
with a recognized
muon. Muon ID is
obtained from the
pattern of energy
deposition in the
calorimeter layers.

All events.



Dominant K decays

We impose the constraint
that the four modes on
the side plus K;—nTn—,
KL—>7TO7TO and Kj—2vy
equal the events counted
by the tag. We thus
obtain the BRs in the
table and the Kjlifetime.

Mode BR 0 stat | o syst
rteTv(y) | 0.4007 | 0.0006 | 0.0014
rEuFur(y) | 0.2698 | 0.0006 | 0.0014

797070 1 0.1997 | 0.0005 | 0.0019
t7~79%v) | 0.1263 | 0.0005 | 0.0011

Combining with previous value:

r(K;) = 50.84 + 0.23 ns
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K€i3 decays

LNF, May 2007 Paolo Franzini - The Physics of KLOE 75



N\
-
W‘

Counts / 14 MeV?
=
P~

this

tex

A Data

TYN

] 1 1 .ﬁl‘

10,000 20,000 30,000
(MeVQ)

Lepton mass
from
Kinematics
and TOF
BR's see |later
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I Vus from Kz I

2 2 5
76873

ri(Kj) = |Vaus| Sew (1 + 05, em + 5@',5(](2)) |f_[|_<o(o>|2[]¢
i=K0 - n* K*¥—-0 Cc2=1, 1/2

7] =e€e3, u3. Iji are the appropriate phase space integrals.

Sew and dem are the short and long range em corrections.
Ogy(2)=I-spin breaking correction

ffO(O) is the form factor normalization due to SU(3) breaking.

f5°(0) = 0.961£0.008 (0.96-0.98) is the most uncertain factor.
Lattice favors 0.96, recent ypt prefers 0.98.
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O
f37(0)[Vus| from K3

Decay BR 7, ns r, us—1 ffo(O) | Vs |
Ky .3(y) | 0.4007(15) | 50.84(23)* | 7.88(4) | 0.2164(6)
Ky ,3(y) | 0.2698(15) |50.84(23)* |5.307(32) | 0.2173(8)
Kge3(,) | 7-05(9) x 107* | 0.08958(6) | 7.87(10) | 0.2161(14)

Kj;m 0.0505(5) | 12.385(25)| 4.08(4) | 0.2178(13)
Kj%) 0.0331(5) |12.385(25)| 2.67(4) | 0.2157(16)

* KLOE
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|Vus| from KLOE data

S 0) O on=0.2167£0.0005 Vs (-961)
0.218 | 4 K50 0.227

0.216

- K K K K~
7(K,)=50.84+0.23

x°/ndf =2.34/4, C.L. 67%

LNF, May 2007 Paolo Franzini - The Physics of KLOE 79



I Covariance Matrix |

Let F'(p,z) be a PDF, where p is some parameter vector, which
we want to determine. x is a running variable, like ¢, for instance.
Before doing an experiment, we would like to know which accu-

racy we can reach.

The inverse of the covariance matrix is given by:

_ 02 1n L
(G 1)y =—
Op;Op;
Therefore, for N events
_ 1 OF OF
(G Hy=x [ d
F apz' (9]?]'
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I FF parameters, Ke3|

Choices for the form factor in:

(| IR K) =oc fi (t) x (P +p)a
Trivial: f(t) = 14+ XN(@/m?) + XN'(#2/m*).... But X and )\’ are
95% correlated, which means larger error, ~3x then for no t2
term. The error matrix is

5/\’+2 SN N . 1.252  _0.607
G = —_
SNTON, N2 N\ 0607 0512

or, for 1,000,000 events,
oA\ = 0.00125 ~ 5%

/!
A" = 0.00051 ~ 40%
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FF cntn'd

We use z = 2E;/M, 2v/a < z < 1+ a, with a = m?/M?. Then
t/m?2=(P—p)2/m?2=1+1/a—z/a, i.e. t/m? is max for z = 2\/a
and t/m2=0 for z = 14+a. f(t) multiplies the point like spectrum
which vanishes at z = 2y/a where FF is largest.

5F

[\ W N
T

0.6 0.7 0.8 09 1.0

fquad (2)2 ~ fpole (Z)Q

1.4

06 0.7 08 09 1.0 'z

t./m> =6.58 t=0

E, " -268.396 MeV
z=2 En/M

A power expansion of f(t¢) is truly an infelicitous choice. Another
choice is f(t) = M2/(M2 —t) i.e. a pole in the m — K scattering

amplitude. Only one parameter!
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FF cntn'd

In real life, errors are larger, x2-x3, because of systematic un-
certainties. Errors will also be enlarged by poor resolution and
Kinematics problems, eg two solutions.

Fitting to a pole is much more robust against statistical fluctua-
tion. Several authors justify the pole and experiment agrees. Still
>100 million events are necessary to distinguish pole from power
expansion, the difference however is very small. Note that:

Mg Lo t2
M2 —t M2 & MA T
1% 1% 1%4
I.e.
"2
)\/ — , )\// — 2)\/2
M
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K.3: N & N

A7 (107
' quad
5 o)
- KTeV

pole
l O

A" (107)

20 22 24 26 28 30
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K.3: N & N

A7 (107
5 o
- KTeV
i o °
NAA48

_ A" (107)
20 22 24 26 28 30
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K€3I N & N

A" (107°)
5 o
_ KTeV
_ O
- NA48 :
A (1077
20 22 24 26 28 30
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Ke3: )\/ & )\”

2 (1077)  (1)=24.86%1.13
| (A'"Y=1.53=0.46
. 6 . x%/dof=4.1/4, CL=0.33

KTeV (M)=875.3+5.4 MeV
x/dof=1.8/2, CL=0.40

| A'=25.42+0.31
: KTeV- 1"'=1.29+0.032
- M,{ KLOE 5
s NA48 N A48

A (107

20 22 24 26 28 30
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Pole fit, K.3

_ (M)= 875354, 7'=1.8 CL for pole fit 41%
880 F >|< CL for quadratic FF fit 33%
870‘5_ | ) N pole—N quad=0.6+1.2
; N sote—N'quad=0.24+0.46
860 F X Pole and quad result OK for I.3
850 — KTevV  KLOE NA48 x 100 statistics required to distin-
: guish
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FF parameters, K3

A 99 o A', A" from fit
— @ O / ’
2 (10 3) o gooQRDcDg o A ) A" from MV
% %O
B o
o4 o S
1 @) o %) @)
0 o o©
%’@? ]
o Q0 o
_ 0
Aoy %
O - 1 R - 1 R - 1 R - 1 - a0
22 24 26 28

The -95% correlation between )\ and )\ results in wild fluctua-
tions while a pole fit is much more stable. 10° events.
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FF parameters, K3

Everything is worse for K3, EMaX 3 or 4 parameters. It will never
be possible to experimentally determine Xé as an independent
parameter. The error matrix, for N events is:
G AQ M\ M\’

[ 63.9° 1200 —923 197
1| —1200 18.8°2 272 —59
N | —923 272  14.82 —49
\ 197  -59  —48 3.42)

In particular, for 1 million events, 5)‘/0 = 0.064, (5>\6 = 0.019 and
the correlation between A\ and Aj is p = —99.96%.
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FF parameters, K

Assuming A3~0.016 and

Af ~ 2X[2~0.0005, a fit to the

pion spectrum from 1 million

K, 3 decay determines \j and \j
to an accuracy of +4,000% and

4+38,000%, respectively. 100
million events only get you
+40% and 380%, still not a
measurement.

Moreover, ignoring A leads to
a systematic shift of \j if a
quadratic term is present.

LNF, May 2007

@3

N, from fit
i7f (107)

16 |

15F

N, true (10 %)

Error on Ay if Aj=2xA,2.

Ap~0.016-+0.002+0.002, KLOE
Ap=13.14+1.4, CL 107°
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K g-decays

7T+7T_, 7'('07'('0, 909.9%

Al =1/2

Chiral expansion parameters
Calculation of R(€'/e)

BR's for Kg decays (and Kjy)

R=T(Kg— ntn")/[(Kg— 7979), not well known
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First level, crude Kg tag by K; TOF

1200 _3
102 [ Events/10

1000}

; K7 interacting in the
800 . .

- calorimeter give an
ideal Kg tag, almost

independent of Kg

600|

400
; decay mode
200

B(K,)
0.18 0.2 0.22 0.24 0.26 0.28
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Reconstructed crossing time

Corrected, largest
systematic uncertainty

-30 -25 -20 -15 -10 -5 0 5
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Trigger eff >96.5%

Overall accept. ~57%

ALL FROM DATA |
Systematic errors

Source Error, %
1o 0.2
Cluster count 0.06
Trigger 0.06
Cosmic-r. veto| 0.045
Tagging 0.04
Total 0.225

1 76
| [] ,74*
"3
72
"2
72
T 1 T1F
. 70
—_ ’69
—— PDG, ’02: 2.197x0.027
' H KLOE, ’02: 2.239%+0.015

. 1 KLOE, ’06: 2.2549+0.0054
['(K»ata)/T(K~>n'n’)

20 2.1 2.2 23 24

R = 2.2549+0.0018(stat.)+0.0051(syst.) with 2002 data
KLOE includes all K¢—n1Tn v, others inc. unknown fraction.
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|AI = 1/2 and 3/2|

> T,
(ntn|K) = \/:A ido 4 \ﬁAgeﬁz
(7070 K1) = \[Aoeﬁo— \[A ¢

(rTrO|KT) = \/_Ae

I‘(Kl — 7T+7T_) Z3 [ ]
2+ 6 —cos d> — 0O
M(K1 — 7970)  pog + \/_ Ao (02 = %)

MKt — 7T+7TO) 3 <A2>
(Kq{ — 2m) Ap
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From old data:

Ap/Ag = 0.045

dg — 0o = 56.7° + 3.8°
inconsistent with

e measurement: 45.2°+1.3° 4+ 1.5°
e O(p?) ypt value 45°+6°
e the phase of ¢y,

The '02 KLOE value gives
dg — 6o = 48° + 3°

INn mMuch better agreement. Radiative correction must be included.
M(KT — 7779 needs remeasuring before seeing improvement
from new Kq—nTn~, 7970, ALMOST DONE! See next week.
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100 k
10 k
1k
_‘_‘_‘_‘_‘_‘_I_
0.1k
P ST T T (NN T WO WO TR NN WO TR TN WO NN TR TR SO U T TN TN NN W TN N N
190 200 210 290 BR(KT — 7 t79(y))=

(xX.xxx£0.06)%
200 k

100 k

| 190 200 210 220
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| KLOE measurements of K¢ branching ratiosl

Decay mode | BR(mode)/BR(xt77) BR(mode)
atr=(v) — (69.196+0.51)%
7970 1/(2.2549 + 0.0054) (30.687+0.51)%
r—etv(y) | 5.099 4+ 0.091 x 10~% | 3.528 + 0.063 x 10~
rte v(y) | 5.0834+0.084 x 10~% | 3.517 +0.057 x 10~%
mev () 10.194+0.13 x 1074 | 7.046 £0.091 x 104
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Keq

The decay K — wrwer offers a very clean way to study the
dynamics of the m — 7 interaction

BR(K[,e4)~5 x 107°, BR(K5)~2 x 107>, 10* decays needed.

Search begun.
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KS—>7TO7TO7TO BR¢=BR |e|?Tg/ T,

Kg—m971979 violates CP. BR(K¢g—m97970)=1.69 x 1072

60 '
40 |- . T
C2 * % e -.. : o’ °e o s ) ] %1
0L g % . o ..s% :...'_ * y .. o
° ‘. ':_1::? Qo ‘31 ) .
° .o Se .‘ :.o; 0.:~ 1 ¢ i
0 ‘1 L | | |

Expect 3+0.9 background events in box, find 2
BR(Kg—m97970<1.2 x 1077) @ 90% CL
All data, improved analysis, 10~ upper limit possible
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Kg—m m¥m

o
~SHT000

NA48 90% c.l.

KLOE 90% c.l.

Sﬁ’?ooo

-0.06 -0.04 -0.02 0.0 0.02 0.04 0.06

0

0

NA48 searches for a
distortion in the 379 decay
distribution of a K;-Kg
mixture, due to a possible
Kg—mO7m970. Interference
terms sensitive to Rngoo
and Snopo appear in the
distribution.
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KL—>7T+7T_

= 1

= 350L . Data
.r"! -

o k

2 300} B
g,-‘..’ L

(8]

BR=(1.963+0.012+ 0.017) X
103

ne_|=(2.219 £0.013) x 1073
e|=(2.216 +0.013) x 1073
elppc=(2.284+0.014) x 103

250}

200

150}

100}

50}

§ 10 12 14 16 18 20
N (Buiss+paiss)(Me V)
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Kt — ptu(y)

Tag by detecting

K- — u (7).
Compute decay
particle momentum in
Kaon rest frame,
assuming Kt — 71w,
K2 and K> signal are
well separated.

p* (MeV/c) Note radiative tail.
P i LT Y

200 220 240 260 280 300

160 180

this
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KT — puTv(y)

Ev/MeV/c

K,» events are counted
only in shaded area.
BR(KT — uTu(y)) =
0.63661+0.0009+0.0015.

220 260 300 340 380

LNF, May 2007 Paolo Franzini - The Physics of KLOE 105



Vus from (K — uv) /T (m — pv)

Marciano, 2004

(Kp2(y))
M (7u2())

2
_ Vus|? f m (1 —mﬁ/m%{)
Vudl® 2 my (1 —m/%/m%)2

% (0.9930 4 0.0035)

Rad. corr, Marciano.

From lattice,

TK

7

Vus|/| Vgl = 0.2286(F20)

= 1.208(2)(*/,), MILC
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[Vus| from K> and Kj3

_ ¢
0.228} ‘%; From Ky3
Lo
S 1->". |V4;/2=0.0011+0.0010
K3, KLOE From all K
0.225¢ 1-3°. |V,,;|2=0.001240.0009
K 2 KLOE o [Vus| and |V,,4| errors contribute
] equall
0.223} 3 qually
2 |Vus| error due to f(0)
0.960 0.970 0.980
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| Unitarity and CPTI

Unitarity, through the so called Bell-Steinberger relation -BSR-
relates possible C'PT violation in the time evolution of the neutral
kaon system, M(K9) = M(K°9) and/or M(K°) # r(x°) to the
observable &R interference in Kq, K decays.

KLOE has performed three measurements which allows improved
accuracy in the check of the possible §RK inequalities above.
1. Our measurement of BR(K;—nT7n~) gives an improved de-
termination of e.
2. An improved limit on K¢—n97%79 improves the limit on 6.
3. The first measurement of Ag, which allows for the first time to
determine the contribution of the semileptonic channels, without
iInvoking unitarity.
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Definitions |

Without assuming CPT-invariance, the eigenstates of the
evolution equation for neutral kaons are:

L (1 +es KO+ (1 -5 )KO)
V2 +les )

with eg = €< 0. C PT-invariance requires d=0.

Kg =

LNF, May 2007 Paolo Franzini - The Physics of KLOE
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0.5

Re and new So, AM, AM limits

36 (1077
0.5

M 95% CL
M 68% CL

Re (107

0.155

0.160 _ 0.165

10|

10}

:AF (10_18 GeV) m 95% CL

M 68% CL
18
AM (10 GeV)
-10 0 10
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10 15 20 25 30 35

At/TS

The time difference
distribution has a
QM-interference terms:
2|n1||no| cos(Amt + ¢1 — ¢2)
A study of the interference
allows testing QM.
Empirically we multiply the
interference term by a
factor (1 — (), and
determine ¢ from a fit to
the distribution on the left.
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| Coherence test |

The decay distribution intensity vs t1, to can be written both in
the Kg ; and K, K9 basis. Correspondingly one introduces two
coherence loss parameters (gg and (gqy..

From the fit we find
(. = 0.02 =£0.04

Coo = (0.1 +£0.2) x 107>

Recently, KEKB reported ¢£,~0.03 to be compared to the kaon
value of 0.00002.
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IOther rare and semirare kaon decaysl

K;—~yy BR=(5.89+0.11) x 104
Kg—vyy BR=(2.27 £0.13) x 107°
K;—mevy! BR=(3.6+0.12) x 103
K* — ¢Trv BR=wait next week
Kg—eTe™ BR=<2.1x1078 @ 90% CL

I B, >30 MeV, 60,_, >20°, (X)=-2.34+1.3+1.4(DE term)

this LNF, May 2007 Paolo Franzini - The Physics of KLOE

113



3.5F
- NA31
2 [ AT NA48/99
x 3 o) / NA48/03
Ti | + K;—~~ is CP allowed
%f 2.53_ O(p*) 1 KL+OE K g¢—~~ violates CP to LO
ﬁ 2 F 1 O(p®) xpt quite uncertain
1.5:_
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qq spectroscopy

2°51 p, 0, ¢
3
1 1 PJ a’O)fO?fl?f
2 SO 759’7
. 1500 Mev
Level diagram
ss contents -
Gluon contents 135 Gy fo! !
1107 w, ¢ 950 MeV
Chiral expansion
1 1SO JT, 77
JPC: 0" | 0, 1, 2)++
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In meson I

In KLOE, ~100 million n-mesons have been produced. What can
we do with it:
— mass
— decay dynamics
— (C-invariance etc., tests
— forbidden modes
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In massl

N 1.1
> [ .
I R ¢p—yn—y17273, 4-C fit
; , (v angles enough)
09 F 10
; Photons are labelled so
08 that E1 < E» < E3. Both
> [
”E>N 0.7 [ the n-meson and the neu-
[ L1102
06 [ : tral pion are visible as
05 [ ] vertical lines in M(~v1,7v2).
o b | The n is also visible as a
: e 1 diagonal line. For ¢—n0n,
03 077005 01 015 02 025 03 035

g v3 IS always the recoil ~.
n?yly2 GCeV

M(n) = 547.822 + 0.005 + 0.069

in agreement with NA48 but not with GEM
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before kin. fit

2000 f
1750 —
1500 |
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250 .

:lJII‘IIIJlIIIIlIlIII\IJlIIIII
0400 45 500 550 600 650 700

MeV/c?

this

tex

fit

1800 :—' o
1600 — o=

0 - MeV/c?
1200 —
1000 —
800 —

600 [

400
200 |

events/ (0.0625 MeV/cz)

Pl il nkrinirmaihin P T
0400 450 500 550 600 650 700

m,, MeV/ <:2

the kinematic
fit squeeze the
distribution
because of the
very good
angular
resolution.
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Comparison

Experiment Mass
GEM 547.311+0.043
NA48 547.843+0.051
KLOE 547.822+0.069

Data set 2 On the left is an illustration

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, of how the PDG would treat

Average, DS 1 —— R the data. Note how throwing

o in three old measurements of

Dataset 1 — — no accuracy, decreases the er-

| l 1 | | | | ror by ~2 without changing the
547 My (MeV) 548 central value.

My average: M (n)=547.8364+0.041, CL=80.6%
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Forbidden n-decays

_I_

n—m'mT , 7T+7r_’y
violates both P and CP.
BR(n - 7777 ) <1.3x 107> at 90% CL

n — YYY
violates both CP.

BR(n — vyy) < 1.6 x 107> at 90% CL

Both limits are ~30x more stringent than previously known.

LNF, May 2007 Paolo Franzini - The Physics of KLOE
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Dalitz plot asymmetries in n — a# T 770

Q S

L/R
I > I > I >

I =2 I=1

Charge asymmetries: L/R: A r, Q: AqQ, S: Asg
All asymmetries consistent with zero at 1073 level, @(10° events)
C-invariance OK.
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p—n, YN’

600 -
400 |

200 |-

1 signal

Pp—ny —

07070~ 57

400 45

500 550 600 650 70
M(6v) (MeV)
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p—n'y—nmOy—r T Ty

400 b E p—ny—r T Tny—
% 7T+7T_7TO7TO7TO’)/—>71'+7T_ 7
3001 ;:’ ¢p—n/y—mOnOny—
7TO7TO7T+7T_7TO’y—>7T+7T_ o’y
200 |
Ry=(4.77+£0.09+0.19) x
ool 10 3=
S BR(¢p—n'7)=(6.2+0.11 +
g M(yt+ylr' 6y) MeV % 0.25) x 10~5

920 940 960 980 1000 1020
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n and ' Mixing

In the quark-flavor basis mixing let
7)) = cos ¢ |ut + dd)/vV/2 + sin ¢|s5)

7'y = —sin¢ |ut + dd ) /v/2 + cos ¢|s5)
then

R, = BR(¢ —n'y) _ — cot24p (1 ~ ms Cng tan ¢V>2 (@)3
BR(¢ — nv) m Cg sin2¢p Pn
where corrections for SU(3) breaking, wave function overlap and
phase space are included. ¢y,=3.4° is the mixing angle for vector
mesons. We find

In the singlet-octet basis: p = ¢p—arctanv/2 = (—13.34+0.3¢tat
O.75ys + O.6th)o.
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|Is there gluonium in the n’l

Bound gluon states, gluonium, could mix in the n':

') = X|q@) + Y|s5) + Z|G)

Gluonium mixing means Z #= 0 and X2+Y?2 < 1. Since gluonium
does not couple to photons, the ratio R¢ above acquires an extra
factor cos¢, = /1 — Z2. Combining with other ratios:

F(n' — py)/T (w— %) (1)
F(n — )T (@0 —vy) (2)

F(n' — wy)/T(w— 7%) (3)
we get the picture below
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eta-glue-a

ek

(1) T(n'—p7) /T (w—n"y)
(2) T'(n—~7)/T (7" —~7)

(3) T'(n—wv)/T(w—")

0.8 |
0.6 |
0.4 |

0.2

0 02 04 06 0.8 1 x
which seems to say that there is glue!
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gb—>7r+7r_7ro

BR(¢—ggg—nTn 79)=15.5%
(Origin of OZI-rule)

Dominated by pm

Large sample of pT, p—, p°
Precise and consistent measurement of M=0 [+0
Relevant to 5%,“hadr”
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dp—rt 70— pT 07 F0

pr/all > 94%

(M(p)) = 775.8+ 0.6 MeV
(M(p)) = 143.9 £ 1.7 MeV
. M%) — M(pT) =0.4+0.9
14 (9 =T (pT) =3.6+2.1

-300 -200 -100 0 100 200 300
x (MeV)
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200 F

100 |

Scalars: fp and ag

700 800 900 1000

100

cos\y

02 04 0.6 038

T < W » T

e

1

The scalars’ puzzle

Wrong mass

What are they

qq, 99

qqqq, KK. ..

Combination of the
above?

I=0, fo— w970

® — fov, fo— 4y
¢ — >y
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Dalitz plot for ¢p—n970~

C\/]; 0'8__ -~ 400,000 events The Dalitz plot
S | 10 density is fit in
a0 2-D to
& e ity +
ete  —wnr —+
0.2} 5 more channels
' 1 to extract the fg
——— signal.
PN ey Amplitudes!
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p->agy

ev/25 MeV

Qy=>nY

z

Scalars: ag

I=1, ag+ 7970
+ b — agy, ag — nr°
bckgnd tot

» — 5y

|

650

850 950
Mnz") MeV
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Dalitz plot projections

TINENEE
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al o |
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200 | ' *ﬁ#+
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- ':- ”:?‘:ﬂ* =
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Backgrounds,
colors as in
previous data,
subtracted in the
right graphs
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1.0

Signal shape
dr/dM,,,

. /AN
0.4 ¢9fV / \ \fo bW
B WA

-

M, GeV

0.60 0.70 0.80 0.90 1.00 1.10

dIr /d My xBW xk3xOverlap
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Models for scalars

Kaon loop

'\‘\N\‘ Y o a, <ﬂj¥7
P S T b My,

K fos @g >\ TT No structure

Needed to determine the couplings and the BR’'s.
BR(¢—scalar+~, —»7m979%9)=(1.07 + 0.04 + 0.05 (model)) x 104
BR(¢—ag+~)=(7.zz £ 0.2z £+ 0.05) x 107>

Couplings still under study.
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LNF, May 2007 Paolo Franzini - The Physics of KLOE 135



eTe~—hadrons

Why... ay =(g—2)/2=0a/27+. ..
a,, vexpt” = (116592080 £ 63) x 10~
@, vexpt’ — @y, “theory” = (295 +88) x 10711,
— with
88 = 63]_, D61]

Should we get excited?
5aj'u7“EW” p— 150 X 10_11 50’/1;,“|_><|_” — (110 :|:40) X 10—11

marginal... in view of LEP, M(top), b — sv, R('/e), sin20
But think, if it were true. ..
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0a,, “had-1" ~ 6900 is not computed

LNF, May 2007 Paolo Franzini - The Physics of KLOE
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4 4
(k)
3M(s)/m = so(eTe” — hadr)/(16m3a?)
5ahad,lo . 1 >

Oete naar (DK ($)ds.

1 _
43 Admz

K(s) = 1/s, i.e. enhance low s. Some authors substitute:

4483.124 S Rhadr

_ = - — .
Octe —>hadr(5> 4483.124 s Uhadr(s) s X 4483.124

1/(sx 4483.124) (=4mwa?/3s) is the lowest order QED cross sec-
tion for eTe~ annihilation into massless muons.
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Contribution 193
to a, (x10™

1000 |
sooL 0(7), nb

2
F(m
00 |F()|", au

400

200

400 500 600 700 800 900 1000
W (MeV)
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Variable energy

Initial state radiation, gives us the possibility of measuring hadro-
production for 2m,; < s’ < s, at fixed collider s.
To lowest order the ISR ONLY amplitude is (W2 = s):

R\ \V A4

3 S' ha}dr) from which
— WCE o

do(hadrons + ~) o) ,
= — Ohadr($’)

dsrd COS 0~ TS

82—|—8/2 1 s — g
s'(s —s') sin?0 25/
Binner, Kuhn and Melnikov
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Example: hadr=rnTr", s’ = s = M2, _.
T

do(mmy)
dsrd COS 0~

~olete” waTn™, spx) xoleTe™ — v, s)

I Advantages I

1. Do not need to operate the collider at different energies

2. The overall energy scale, at least in a detector like KLOE is
established at W=my and applies to all values of M (hadr)

3. The luminosity is measured at fixed energy, for the entire
data set, avoiding painful corrections

this LNF, May 2007 Paolo Franzini - The Physics of KLOE 144
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Disadvantages 1.
L AVAVASIY4 _¥x 14
© < s' hadr, L2 1€ ¢ > hadr
" nCE s S s a

S S

sy =& Sy =8 F# S

FS radiation is O(1) background to o of interest!
Cannot distinguish two processes, need precise estimates.

Must also NV and N
remove - \\VV properly
correct for f\,O\,CZE retain

LNF, May 2007 Paolo Franzini - The Physics of KLOE
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I Disadvantages 1II. I

One must perform an absolute measurement of a cross
section which is only a tiny fraction of the total cross

section

At KLOE, o(Bhabha)~100 ub
o(hadrons)~3 ub
o(nTa=~)~0.01 ub
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12

10

o (7o)

0.2

do(tmy)/dsy

nb/GeV?
TTITY
6,=5-15; 165-175°
30-150°
50-130°

0.4 0.6 0.8

S, GeV~
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First results

50000
40000;
30000;
20000;

10000 F

 Ny/0.01 GeV

° Use small angle
% unobserved
photons. No low
.‘.. J M(xta)
..:' sensitivity.
™ | Minimal FSR
corrections.

01 02 0.3 04 0.5 06 0.7 08 09 1
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= Ot
-]

o W
o O

do(eTe” =amy)/ds,

e+e_—>7r+7r_’y

-

—
-

sx (GeV?)

1 1 I 1 1
0-8F

Cross section
obtained with
data above and
the measured
Bhabha vield
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e+e_—>7r+7r
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Cross section for
e 6_—>7T+7T_.
Vacuum
polarization and
FSR correction
must be applied
for the
computation of
AHaM.
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L from Bhabha scattering

14000 -—Odg

[ Z e Data
12000 B —— Monte-Carlo

- (BABAYAGA)
0 Comparison with
8000 |- MC expectation

_ of the observed
r Bhabha angular
Jo0o L distribution
2000 -—

O-..I....I....I....I....I....I....I...I..I.

50 60 70 80 90 100 110 120 130
Polar Angle[’]
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0y / o (s2) K (57)dsr

KLOE
Aa,=3887-

-50

Aa,=3814-

-35

CMD-2
ACLM:3767:

-30

-30%

-25%

* our calculation, we
use values w/o0 FSR and
VP correc. (like us)

PRELIMINARY
0.35< M2_<0.95 GeV?
0.37< M2_<0.93 GeV?
0.50< M2_<0.93 GeV?

0.37< M2_<0.93 GeV?
0.50< M2_<0.93 GeV?

~0.50 agreement with CMD-2
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A direct measurement of R(had)

B o(eTe™ — hadrons) ., o(etTe™ — hadrons~y)
- o(ete —wptpm)  olete — ptu)

1. No need for independent £ measurements.

2. Initial state radiation and vacuum polarization cor-
rections cancel. FSR corrections needed

3. OK from threshold up, for #Tx—. For M(xw) < 600
MeV, §a;~1000 x 10~ 11,
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| clete —rTn7) and o(ete —putTu™) I

o, ub
Amendolia
et al. 1987
JUIT
o
L2
s, GeV
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End Run
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Improve

(Y

OCLXNOOUAWNHE

The next two years

BR(K)

r(Ky, KT)

FF parameters
Masses

VUS

Rare decays

CPT limits

n studies
Understand scalars

Co(ete —>aTr)
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The End

KLOE is retired.

Major increase in DAP®PNE L7 -2007-08.

KLOE might come back.
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120097 |

Lepton-quark Universality
K —ev/K — uv

CPT

0707
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