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Physicsat a - Factory LI

( o(p) ~ 3.2pb
e*e collider | wm, ~102Gev
I § F(p ~ 4.4 Mev
Very clean environment
_ - (p Decays
Pure monochromatic KK beams KK 49.1%
® py=-px (=110 MeV/c) K Ks  34.3% -II
@ KK pair has the @ quantum numbers ( JF=1") Pt 12.9%
31 2.5%
- Efficient tagging ny 1.3%

- Interferometry
|| | Physics @ DAONE |
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Physicsat a ¢-Factory N

8.5x10° K, Ksq
1.2x1010 K*K-

o
=
a !

At full Luminosity
5x10% cm2 s i
in1 Year ~10 o2y
25x108,2.5x10°  ny, Ny

easure all therelevant CP CPT violation parameters from
INTERFEROMETRY and DOUBLE ratio

%aon form factors, K, rare decay and K, semileptonic
asimmetry (never measured)

%adiative @ decay = investigation of thef,, a, nature & precise determination
of BR(¢ - ny)/BR(® - ny)
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 DAC IIEHIIE esign strate iIIIIII\IIII\IIII\IIII\IIII
T T ek

veppoy = 5%10% cnr2 s
“conservative’ single bunch L 4
!'I!IIIHH!WM

approach: |
4 (single bunch) ~ ./\,epp.om ' >

and large number of bunches

@%ACDNE =N bunchesx @%

- 120 O Two Separate Rings

r]bunches
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 DacneParamerets I

Single beam energy 0.51 GeV

Number of particles per bunch 8.9x1010

Number of bunches per ring up to 120

Crossing frequency pto 368.25 MHz

Horizontal emittance 1.0 mm mrad

Vertical emittance 0.01 mm mrad

Coupling factor 0.01

= Horizontal beta function at crossing 4.5m
: Vertical beta function at crossing 0.045m
¢+ DAONE Total crossing angle in the horizontal plane 20-30 mrad
Horizontal beam-beam tune shift per crossin 0.04

Vertical beam-beam tune shift per crossing 0.04
Bunch length 30 mm rms
Horizontal beam size at crossing 2.0 mmrms
Vertical beam size at crossing 0.02 mm rms

Synchrotron radiation loss per turn 9.3 keV

Horizontal betatron damping time 36 msec

Vertical betatron damping time 36 msec

L ongitudinal damping time 17.8msec

M aximum stored current per ring 5.2A

M aximum luminosity 5.3x1032 cm-2 s-1
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| DASNEKRI SIS

With conservative single beam parameters and 5.2 A /beam
DA®NE key issues are:

=>» Vacuum (especially in the interaction regions)
=>» Higher Order Modes damping
=» Compensation of Detectors’ Magnetic Fields
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KLOE

Typical e'e - general purpose detector

[bm diameter & (4 m length i‘
Beryllium Beam pipe
(radius>16 Ay)

0 Two Quadrupoletriplets Calorimeters
(32 PMs)

0 Helium Drift Chamber
(12,582 Sense Wires)

0 Lead-Scintillating Fiber Calorimeter
(4,880 PM s)

7 Superconducting Solenoid of 0.6 T
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|.P. Sphere

QCAL 1&2
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I ngrumer]ti ng the Quws 0.5 mm Be .......................................................... X
_________________________________________________________ 90

improvestherejection %
of K, - TP by a W
L

45cm ‘
' Permanent Magnet QUADRUPOLES

factor of 5

Pb layers (1.9 mm)

- Scintillator tiles (1 mm)
and WLS fibers

Qcal isinstalled and integrated in the
readout system. Study of its
performances going on |
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| The Drift Chambet

Requirements
@ High and uniform track reconstruction efficiency

@ Determinethe K_g vertex with an accuracy of 200 um x Imm
® Good momentum resolution (op/pJ0.5% ) for low momentum tracks
@ Transparent to low energy y (down to 20 MeV) and K_ g regeneration

Solution

® High homogeneity, isotropy, large volume (@4 m, LLB.3 m, 52140 wires).

® All Stereo layers with constant Oy, ¢ ¢rop = 1.9 €M, €= £ (60+150) mrad

® 12 layersof inner 2x2 cm?cells 0 46 layers of outer 3x3 cm? cells

® Helium (90%He-10%iC,H,, ) gas mixture

® Al(Ag) 80 um field wires, W(Au) 25 pm sense wires, X (gas+wires)=900 m

® Very thin walls: mechanical structure entirely in C-fiber/epoxy (< 0.1 X, )
NN
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1] | L !. | K
| TheDrift Chamber |

a
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Theoritt chamter

Sereo Light ..}
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Reconstruction of K, 7é7evertex

Given the K| flight direction from the K momentum balance, the
K decay vertex is determined from the total time of flight t,+1,,

ﬂ_z =L+ L2 —-2LL, cosd PM \\E“:
N
%:t—L [ B +L, L
L /
L

[11f pg i1sknown, 1y out of 4 is enough
[JoL [J0.6 cm with ,=100 ps 7
[0 o(EMC) = 55psVE(GeV)

] starting point for aglobal fit of the whole event...

double ratio |
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The Electromagnetic Calorimetel
| The Electromagnetic Calorimete

Requirements

® Determine the vertex of K g neutral decays with an accuracy of few mm

@ Have an high discriminating power for the decays K° - 2r°and K°-, 31t
® Provide afast and unbiased First Level Trigger | ead

@ Possibly provide useful information for particle identification

Solution
Fine sampling lead/scintillating fibers calorimeter

W

Energy sampling fraction: 13 %

® Good energy resolution ((5% /v E[GeV] ) (meas. 4.5% /v E[GeV] )
® Fully efficient in the range 20-300 MeV

® Determination of y conversion point with [IL.cm accuracy
® Hermetic (rgjection of (10 on K, — 6y)
® Fast triggering response to suppress the 20 KHertz Bhabha rate
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The Electromagnetic Calorimeter |
| The Electromagnetic Calorimete

N ﬁa 2440 elements,
R read out by
S.C. COIL 4880 fine mesh

Cryostat p m. ! S.

| ] /
Vi

% 1]

—DRIFT CHAMBER 7 |, %
£ 1 |=S |le
© g |3
NS ol

c
(i1]

24 Barrel Modules | =

1.69m

1.92 m

& 2.15m
... 2% 32 Endcap C-shaped ones.

1

=
g F
i il
i o s 5 ¥ -
- =
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DAQ handles ~ 23000 FEE channels
ook o on 2.5 kHz ¢+ 5 kHz bckg

RO
FEE crate / FEE crate /
VMVE VME

VME
+ +
AUXBUS AUXBUS

+
AUXBUS

® Signal conversion/digitization in 2 s

ROCK ROCK

FEE crate\ FEE crate\ FEE criltRe\? I ® BandWIdth -~ 50 M bytegs (5 Kbyte/a/-)
AUXBUS AUXBUS AUXBUS . &al abl e
2n((:jrlaet\éel R(\?C M Zn::irlaet\éel R?‘C M 2ngr|:t\ée| RQ KM

Fully tested up to > 24 hours continuous

running with peak rates of 10 kHz in multibunch
mode.

Farm CPU Farm CPU Farm CPU
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Threshold

Trigger must have high efficiency on

@decays (1 - few 10 °on CP) and reject/scale
Bhabha (20 kHz), machine bckg and cosmics
(2.6kHz).

(The total rate should be kept down to 10 KHz)
2 trigger levelsbased on

®ECAL ener gy deposit and (t, within 150 ns from @)
®DC hits multi plicity: (t, after 850 nsfromt,)

Trigger Rate at 5x10%? cm2 st

rate
Events (kHz)
@Y 2.5
lar ge angle Bhabha ~ 1. _ _
Commie _ 1 >JFor calibration
Background ~35
Total 75




S. Bertolucci LP99 August 9, 1999 3
S S o

g [
DA®NE: Achievements |1
| DA®NE: Achievements
/S

A e

Frascati dD—Féctory complex

i // | HAH
Before KLOE roll-in / / l =N ]
Single Bunch M ode: /AT A D
Achieved / [cm2s1]= 1.5 - 10%0 VA EREE { e
with | =20 mA/beam. §§ e T
Multi-Bunch Mode: e )|
Achieved / [cm?st] = 103! nanes/

with N =13 and | = 200 mA/beam.
Currents of 500 mA/beam circulated
(test of the feedback and RF systems)

77 7 |
i ACCUMULATOR

s 510 MeV
i “”P"%“’E‘

R Tuns's’
/=
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After KLOE roll-in:

é L arge perturbation to the ring(s) optics brought in by the large
[Bdl = 2.4 Tm (beam rigidity Bp = 1.7 Tm).

% Compensation of Bdl ia achieved trough “antisolenoids’ and
rotation of the inner quadrupole triplets.

> Insertion of KLOE has diminished beam diagnostic on |.R.
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Results.
First order compensation achieved on both rings, but

Coupling on the e ring still unsatisfactory
(0,/0,=3+4%,vs e'ring 0,/0, = 1.5%).

Matching of 3,*-, 3,** not yet achieved.

4

Loss in single bunch luminosity.

Lower limit on beam-beam tune shift. II‘ t::(':th%?;'rggtle

Higher sensitivity to ion trapping
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Moreover, vacuum in the rings (still improving as a function of
the total integrated charge) limits the total current and bunch
number (need for agap).

Asaresult:

Stable collisons achieved at L= 2 x10° cm~?s! in multibunch
mode with single bunch luminosity L ~1 + 2 x 10?° cm=~?st

and luminosity lifetimes > 1 hour.
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After aperiod of parasitic
running during which we
collected ~ 30 nb* , we started
on July 30 our first period of
“continuous’ data taking.

So far we have integrated a
luminosity of ~ 250 nb-?

resent siatus U

|oe+e_e » (W) ¢ line shape scan
Arbitrary Units
100 0(x)=+0.5 MeV —0,=24+13.5=1.80
(£0.05%)
80 B_‘XT
B-W with
60 // rad. cor
4.43 MeV
lllllll DA(I)NE Scale (MeV
40 4 5 6 7
20 +5.7 MeV
1009 1014 1019 1024 1029
W=2FE, . (MeV)
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onitoring tasks & Offline proe
 Monitoring task e pro

Online Monitoring tasks ready and used in the data taking:

High/low voltage monitor

L uminosity monitor Detector Calibration monitor
Machine bck monitor Trigger monitor
Interaction point position bhabha and @ filter

event display & histograms

!

Feedback to the accelerator online check of detector performances

Offline reconstruction and event classification procedure has long being
ready and is now being tested on rea data.
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| The Drift Crambe GRS

The drift velocity is not saturated ]
but depends on a sixth (at least...) s —1 - N |
power of the drift distance PO N SN NS NS N S Jy Different B

The shape of the KLOE DC Incid | |
cells varies along the chamber axis
and, additionally, on 3 and @.

Autocalibration procedure to i
determine iteratively the space

to time relation for different
valuesof [ and ¢@.(232 different s-t) yd
Using cosmic ray and bhabhawe can| > >~ RN
calibrate our chamber in~4h Y = o P T P DS DN DR DU

SN Drift distance (cm)
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| The Drifh Crimi CEI

Cell efficiency

E = T Software ~ 97 %

16
14
12

PUIUPIPUE SNV S SN o eestysetegetoree,
+++V¢+¢ ¢Qw0.00. s T F 9 S VOB T * "
4
"

*

0.8
0.6
04

0.2 +
g T I L e e

N R N
02 04 06 08 1 12 14 16 18 2
Software efficiency vs. distance, Layer 49

i R W R T T T T
N

T T

o

18 |- X/ ndf 3127 |/ 70
16 F P1 0.9947

14

s o

1 04000 00, ', .

Hepessrzosssoen - - atemege,
0.8

Hardware ~ 99 %

0.4 e
0.2 *,

[T BT L 1 4% o,

L PRI R RN TR BRI 1 1 PRI I 1
0 02 04 06 08 1 12 14 16 18 2
Hardware efficiency vs. distance, Layer 49

Ty

Distance (cm
(em) I IR
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The Drift Chamber: Performanoes Shibk

0.2

Fit Residuals (cm)

-0.2

Fit residuals

Al e
[ P2 0.4273E-014 0.3280E-03 .
L v ke KLOE Drift Chamber
Preliminary
L FIT RESIDUAL
200 L 0= 150 um
[ 100
- 0=3 \—5.2 0 01; - —~
~o _ EitResidual (cm) O- ~ ul I I
~N -7
| |
| |
[ | |
| | —.—
S |. . [P S : L e
e P i — @@ —0@0— 0 - - .
=@ ST , - L o :
L | & 004 -
I I 5 :
! ! s - ;
| | 3 3
L I I 8 008 [onieeeeei et T
I | 3 : :
! ! = | |
| | 200 um i
| | 0.02 0 0
- —+ k Lo
| | — ! L,,
‘ ! S
| | : :
| | [ e T S
L ! ! FIT RESOLUTION
‘ ! 3 3
! ! 0 U‘,E "I 15
: : Impact Parometer (cm)
| | ‘ ‘ | |
0.5 1 1.5

Impact Parameter (cm)

100

200 |

100 |

200 F

Vertex resolution

ndf | 1220/ 78 I~ indr 2808 1/ %0 H
PL 4T84 1183 o PL 82624 11952
£ ( 2
s omgecs| 1000 & Pttt iy
P4 13284 1097
-04768E-014+  0.5281E-01 P 1364+  0.1635E-01
i oodror i & wiss ombEor
800
600
400
200 J
. 1 0 -n 11 11 -
-4 2 0 2 4 -4 -2 0 2 4
X poca Y poca
Xindf 6963 |
PL: 4260k 1449
5 oofor oumseor
P3 05960k  0.1784E-01
Pi| 05 6013
s 12834 0.1056
1B 01182
o,~0,~2mm
: | O, ~5mm
i 11 1 dad AJ 1 e ol L
20 -10 0 10 20
Z poca
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The Drift Chamber: Performance Subidl

Bhabha momentum resolution

3 Ks- 11T
2
>
2 KLOE Drift Chamber -
c 2250 —
2 25 | :
= .. g
2 Preliminary 2000 |-
£ + 1750 |-
2 o/ P [0D.4% -
S 19 | -
€ 1500 [
S _
1250 [
15 1000 |
750
—— -
7 500 [
——
—e— 250 :—
+~o—k++++++ |
1 | | L | | L | . 0 N S T T | [ T | 4 P I R
0 10 20 30 40 50 60 70 80 90 480 485 490 495 500 505 510

MeV
(NN NN

Polar Angle (Degrees)
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| The Drift Chamber: Performances ont

1O invariant mass

=
o
T

' Missing mass of the

K, - 11t 10 vertex

) obtained from the

3 charged tracks momenta
Lo o

I L | L vl Pl | | L I

40 60 80 100 120 140 160 180 200 220
- . MeVv

i decays - finv. mass 1)
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The Electromagnetic Calorimeter: Ene
| The Electromagnetic Calorimeter En

@ Iterative Equalization of PM response;using MIP
@ Absolute scale using yyand e*e events (corrected by dE/dXx);

piaves

MIP Barrel (Pla 1-4) IP Barrel (Plab)
S Endap S —

L

_ S i

ST L am
600
500
400 E
300
200
40
100 & 20
0 Eivi Lo Lol o
0 100 200 300 400 500
300 F
250 E
50
200 =
o0 £ G(MIP)/<MI
100 & = 2
50 — — 10
o BN
0 100 200 300 400 500

MIP EndCap (Pla 1-4)

(0]
0 100 200 300 400 500

T /AT T [ 2ot T
Constant

\‘\H‘H\‘\H‘\H‘H\‘H\‘H\%EWEF

\
PRV R A Y PR B
0 100 200 300 400

§M

HH‘HH‘HH‘HH‘HH‘HH;gg\%

MIP EndCap (Pla 5)

0,

o(E)/E~8% @ 510 MeV

Bhabha on Barrel

¥/ndfi 1724 | 58

Congtant p463+ 4588

Mear) 503.4 + 06722
250 S'defj& #5.23+ 05199
200 [ \“
150 [ \{V

Qoo 30 40 500 600 700 800
Energy (MeV)

Gamma-Gamma on Barrel

50

/ndfi 3976 | 45
Congtant

322+ 1969
Mean 5111+ 1604
Sigma [1 F 4383 £ 1242

30

)““

20

10

Energy (MeV)



S. Bertolucci LP99 August 9, 1999
S

The Elecit aiacnctiCRN

minv TrO Y YY
134.5E 14 MeV

50 |-

|

my,, = 134.5

minv n Y YY
549.6E 43 MeV
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The Electr omagnetic Calorimeter: TiMme
|I|U =l ectromagnetic § i! orimeter: I'ime

Beforeiterations...

1600 F Constant 1444,

1400

Time calibration using residuals of
trough-going muons (iterative procedure).

1200
1000

foraMIPina cell (=32 MeV) : o(t) ~ 350 ps

800
600

400

corresponding to: o(t) ~ 60 ps/VE(1GeV)

200

0 i M L]
—10 —=7.5 -5 —-2.5 0 2.5 5 7.5 10
Res(ns)

TO dz 2wz 7cz 6pz 2

3000 C Constant 2205.

Mean 0.8192E-03

2500 f Sigmo 0.3368 (T1,L1)

2000 £

1500 F
1000 F

500 F

o b b il v lawy L e e b |
-10 —=7.5 -5 -2.5 0 2.5 5 7.5 10

Res(ns)
(202

For ayof 510 Mev : o(t) ~ 120 ps

corresponding to: o(t) ~ 80 ps/VE(GeV

L Entries 316
3 M ean -0.1517
50 RMS 0:1966
[ /N 5526 / {10
| Constant 49:34 + 4.043
L M earn -0.1483 + 0.1242E-01
40 Sigm 0:2888 =i 0.0230E
30
20
10 t
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The Electromagnetic Calorimetet e

P DNWkrO

I Outside- Inside
A :_O oo #it L & Inside —» Outside
b utgoing “lr' ! Mﬂ muon nicely recognized
i [r o "_;l (used to rgect cosmic rays)
0l | A
ol TR
S
r J r"'llha b
T Y PRI PO Y P ST
S - 5 (n 55
= E wandf 50,80 a4
Tl 31 E R !”{:;'E,"'-
Bl IS i
T B=L/(T4Ty 28 "‘ﬁﬂﬁ-
27 E ﬁd
: o : 26 Hﬁq} 'B:#
Fit Bvspdistribution | "t 7 Jp2+m,’
Check the p mass BT
T, 23
22100 200 300 400 500 600 700 BOD 900 1000

p (MeV/c) (DC)
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The Electr omagnetic Calorimetet K
|I|U = SHr DrijagrEtieg ubasaese ! b

180

160

140

120

100

20

X/ndf 2234

/ 65

1734 + 6.824
.3197E-03
.2858E-03

2118 +

|
|

Constant .
Mean .
Sigma 1109E-01 +

+*++++++ et

%0

0.05 01 015 02 025 03 035 04

102.PROY

K| Interacting in the calorimeter

are nicely recognized

measuring their velocity
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In Summary

© KLOE hassuccessfully completed itsfirst real data
taking test:
= DAQ operated up 10 KHz and 10 M b/s, with very high
reliability.
=>» final trigger configuration successfully tested .
= >85% of the ddlivered luminosity logged to tape.
=>» Automatic proceduresfor data archiving/retrieval in
thetapelibrary OK.
=>» Quasi online event reconstruction successfully tested.
=> Offline softwar e tested OK on real data.
=>» Calorimeter calibrated in the energy and time scales,
with resolutions already very close to the design goals.
=>» Drift chamber calibration completed, with:
very few dead/hot channel (<0.1%)
low noise down to very low thresholds (4 mV)
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With a Luminosity /. = 5x103 cm2s1

DA®NE should provide to KLOE in 1999/early 2000 100 pb™
of data ( 3x10° @), which should allow the following physics
results:

"I Measurement of [] (g/¢) to 10 3statistical accuracy;

| Measurement of K ,,form factors,;

I Mess. of BR(@ - fy — 1UTTY]O X5 better accuracy;

1 Confirmation of ¢ - ayy — NPy and
measurement of its BR to x 5 better accuracy.

0 Weareready for it!



