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DA®NE e*e- machine at Frascati (Rome)

B = 2 e e e

s efe"—=¢ Vs~m,

= 1019.4 MeV
* beams cross at an angle of 12.5 mrad
* LAB momentum p, ~ 13 MeV/c
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DA®NE Luminosity history
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DA®PNE new interaction scheme

Since the beginning of 2008, DA®NE has implemented a
new interaction scheme based on the use of a large
Piwinski angle in combination with a crabbed walist
Induced by properly designed sextupoles

Results obtained during the
run of SIDDHARTA were very
good: an increase of a peak
luminosity by ~3 and of the
integrated luminosity by ~2
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DA®NE luminosity: new vs old

Luminesity wvs Current Product
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A Clear improvement!
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KLOE-2 at upgraded Dafne

= \We have now a ‘new’ machine capable of delivering ~ 4 fb~"/yr,
even accounting for a reasonable duty cycle

*There is still space for improvements, both in terms of increasing
the currents and in terms of operation efficiency

The goal of having the present KLOE statistics increased by ~ an
order of magnitude (20-40 fb-") in the next years is therefore

realistic

DAFNE upgraded in luminosity and energy (up

B KLOE-2: to extend the KLOE physics program at
to 2.4 GeV)

References:

« KLOE-2 Lol: www.Inf infn.it/Infadmin/direzione/roadmap/LoIKLOE.pdf
* F. Ambrosino et al.. EPJC50(2007)729

* Physics with KLOE2 experiment at the ¢-factory, in preparation




From KLOE

Multi-purpose detector optimized for K, physics

» Huge, transparent Drift Chamber ® Pb-Scintillating Fiber Calorimeter with excellent

in 5.2 kGauss field of a SC coil timing performance
» 24 barrel modules, 4 m long and C-shaped End-

Caps for 98% solid angle coverage
» Time resolution: o = 54 ps / VE(GeV) @& 50 ps
» Energy resolution: 0./E = 5.7% / VE(GeV)

» Carbon fiber walls, 55000 stereo wires,
2 m radius, 4 m long, He/CO, gas mixture
» Momentum resolution: o(py)/pr~ 0.4%



...to KLOE-2...

Minimal detector upgrades:
« Tagger for yy physics: to detect

off-momentum e* from
e'e” —>e'eyy —e'eX
— LET: Low Energy Tagger (130-230
MeV)
calorimeters, LYSO + SiPM
— HET: High Energy Tagger (E > 400
MeV)
position sensitive detectors
(strong energy-position correlation
= use the DA®NE magnets as e*

spectrometer)

« Already funded by INFN
Approved = “roll-in” : end 2009
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...to KLOE-2...

Major detector upgrade

 Inner tracker (between the beam
pipe and the DC): 5 layers of
cylindrical triple GEM:

— improve vertex reconstruction near the IP ===

« QCALT: W + scint. tiles
readout by SiPM via WLS fiber

« CCAL: LYSO crystals + APD,; close
to IP to increase acceptance for
photons coming from the IP ( min.
angle: 21°— 9°)

« Partially funded
Time scale: installation in late 2011
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KLOE-2 Physics program

Kaon Physics

= Testof CPT (and QM) in correlated kaon decays
and test of CPT in Kq semileptonic decays

» Test of SM (CKM unitarity, lepton universality)
= Testof xPT (Kgdecays)

Spectroscopy of light mesons
=  n,n.,fy,8,,0 In ¢ radiative decays

Hadronic cross section from 2m_ to 2.4 GeV
= oMy and (g-2),

vy physics
= Study of I'(S/PS—yy), test of xPT, existence and
properties of o meson, PS Transition FF

Dark Matter searches (light bosons at at O(1 GeV))
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Example of CPT and QM tests:

O—KgK| —=rtn -

IQm,mr;

At‘)oc e My TSN . (1 - ) o s +T )2 cos(Am‘AtD
~

interference term modified introducing a decoherence parameter C.

CPT violation could also change initial state

‘i> X (KSKL _KLKS )@<SKS _KLKL)

lo| < 1.0103 @ 95% C.L:
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Iem,mr;

Example of CPT and QM tests:

O—KgK| —=rtn -

At‘)oc e My TSN . (1 - ) o s +T )2 cos(Am‘AtD

interference term modified introducing a decoherence parameter C.

CPT violation could also change initial state

‘i> X (KSKL _KLKS )'@<SKS _KLKL) 1200

1400

ol <1.0103 @ 95% C.L: w f |
KLOE KLOE-2 KILOE-2
L=1.5 fb-! L=5 fb! L=50 fb! with IT
Coo (1.4 +10.2) x 107 +6.4 x 1077 + 0.1 x 106
Cor (0.3 + 1.9) x 102 +1.2 x 102 + 0.2 x 102
Y (0.7 +1.2) x 102! GeV +0.7 x 1021 GeV | =0.1 x 1021 GeV
Re(w) (-1.6 = 3.0) x 104 +1.7 x 104 +2 x 105
Im(w) (-1.7 = 3.5) x 104 +2.2 x 104 + 2 x 105

Large improvement !




Test of Lepton Universality: R = I'(K,,,)/ I'(K )

-Very precise prediction from SM R SM=2.477(1) x 10-
(accuracy at 0.04%!)

-Contribution outside SM (LFV) up to a

O(1) percent _ 3KLOE Z?fw _
KLOE result Ry =2.493(31)x 105 ™} e
(1.3% accuracy, dominated by stat en ™ | — s
-World average (KLOE/NA62): ok j |
Ry =2.498(18) x 105 | |
(Accuracy ~0.56%) o | o !
Expected accuracy from NA62 ~0.3% ™| Bl
At KLOE-2 sensitivity will reach sl \\\\
~ 0.5% or better o by =S \\\\

-3000 -2000 -1000 1000 2000 3000 4000

Inner tracker is beneficial for recovering early decays
14



Kg decays

Ky — mev : Test of AS = AQ rule (i.e. Re(x,) ) and CPT (charge asymmetry Ag).
Current accuracy on BR is 1.2% (KLOE, 400 pb-') . KLOE-2 can go to 0.2%,
improving the accuracy on Re(x,) and on Ag to ~10-3

Ky — muv : same as above but more difficult. Expected error to 0.4%

Kq — 3nY : purely CP violating. Expected at 109, present limit at 10-7. KLOE-2
can aim at observing the signal.

Kq — vy : test of xPT at O(p#). Current error is 2.7%. KLOE-2 can go below 1%.

Ks—m*nn’ another test of xPT, predictions around 10-"- KLOE-2 precision to 15%.

Ks—nt"I*I- very important for using rare analogous decay of K, for testing SM.
Present NA48 measurement based on 7+6 events. Estimate for KLOE-2 at the
same level

15



vy - physics:

m X=1mwr =0 Meson

. X=n"mn,(n’) =I'(X—yy); Transition

Form Factors Fy. (q',q*) = LbL?

- Tagger is essential to reduce bckg
from ¢ and to close the kinematics

Efficiency (a.u.)

n.aré LET*HET

LET*LET
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the o meson case

cleanest channel to assess existence &
nature (2q vs 4q) of the o is yy — 7 %7 Y at

vy — n°n®
= 20 - —
2 r— Bellucci, Gasser and Sainio (1994)
= 2-loop ChPT predicted range
S 18 - Gasser, Ilvanov and Sainio (2005) 300
Vi L 5
z r ™ DR.-s,=0.5m_2
§ 16 - Pennington (1992)
© - ®m DR.-s,=2m_2
14 Penningnton (19’@2)
12 |
L — 200
- Ke]
10 f £
e}
8
6
100
4
r ® Crystal Ball (1990)
2 - & JADE (1990) - arbitrary normalization
0'-.|....|....|....|....|....
300 400 500 600 700 800 0

W, (MeV)

*Analysis of yy—=n’n’ in KLOE in progress

(see F.Nguyen’s talk)

At KLOE-2: n’n’=> golden channel

(with L=5 fb'! = err. = 2%); w*n~ possible?

e MarkIl mrm~
ntm-
70 70

¢ Belle
= Belle

0l.4 0.6 0.8 1I.0 1:2 1.I4
E (GeV)

Recent measurements from

Belle limited at m_>0.6 GeV

(see H. Nakazawa’s talk) 17



Impact of y*y* on Light-by-Light?

The LBL contribution is dominated by the x®
exchange with 2 virtual y = F_, ... (04%,0,%)

No available data = resort to models (N, QCD,
etC---) (see also A. Nyffler’s talk)

Pion-pole contribution

The contribution from the neutral pion inter-
mediate state is given by a two-loop integral
that involves the convolution of two pion-photon-
photon transition form factors Froy-++(q7,45),

3B
ER

Nuclear Physics B (Proc. Suppl.) 131 (2004) 162169

£
*
13

f

The muon g — 2 in the Standard Model and beyond see Fig. 3(c). We refer to Ref. [3()] and refer-
A. Nyffolor* ences therein for all the details. Since no data on
3nstitute for Theoretical Physics, ETH Zirich 2 2\ 3

CH-tS(')ﬂili Zi?rich. S\:i):zerlnudy l the dOUny OH-Shell form faCtor fwo'y.')" (ql b) q2) 1S

nyff(-.lerﬁitp.phys.L-Lh'l..ch Val e one as o r Sor 0 mo e S e conSl -
A e A =S AL A A e A

We review the present status of the theoretical evaluation of the anomalous magnetic mom ered a certain ClaSS Of form factors Which includ@

a, in the Standard Model. We mainly focus on the hadronic contributions due to vacuum pol:

light-by-light scattering and higher order electrowenk corrections and their uncertainties. We al the ones based on large_ N o QCD that weé had
new physics contributions to the muon g — 2 and bounds on such models from the experimental . . .
studied in Ref. [32]. These form factors include

FnOy*y* (q12’q22) can be Obtalned frOm ”'"’”\\(”’“'"f'
e+e- — e+e-'7.[0 (He:>200)' q2= _2EE,(1-COSB) P PS(q)
q? is obtained by measuring E and 0 of e* 5};



Two-photon reactions with KLOE detector at DAPNE

hep-ex/9902030

Saro Ong*
Institut de Physique Nucléaive, IN2P3-CNRS. Université Paris-Sud, 91406 Orsay
Cedex. France

Abstract

We reexamine the feasibility of two-photon reactions at DA®NE with the KLOE
detector excluding the small angle tagging system. Event-rate predictions of interesting

channels : vy — 7" . pand vy — 7ta~ , 7"7" are discussed.

Effects of different Form-factors
in Meson-Photon-Photon Transitions
and the Muon Anomalous Magnetic
Moment!

hep-ph/0106130

Johan Bijnens and Fredrik Persson

Department of Theoretical Physics. Lund Unwversity,
Solvegatan 14A, S22362 Lund. Sweden

Interesting papers for KLOE-2!
(realistic studies on the way)
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n, N at DAFNE-2

d-factory = nj and n)’ factory
BR(¢p —=ny) = 1.3 X102 = N, (20 fb"') ~ 9 x 108
BR(¢p — 1) = 6.2 x10° = N, (20 fb"") ~ 5 x 10°
Monochromatic prompt photon: clear signature

Mixing n - n’ : Uncertainty dominated by systematics on BR(n'—nnn);
improvement can come by measuring mainn’ BR’s

1 decays:
n — n'yy (test ChPT; major improvements expected with 20 fb')
Dalitz decays: n — e*evy, utuy, e*ee*e- = Transition FF
n — ntn-e*e (Test of CP violation, analogous to K| — w*n-e*e” )
Improvements on forbidden/rare decays

1’ decays:
Dalitz plot of )’ —=na*n- = scalar amplitude
n’ —ntn -’ = first observation / isospin violation

20



Scalars at DAFNE-2

=Scalars f;(980), a,(980) will be copiously produced in the
radiative decay of the ¢

‘With 20 fb-' the decay ¢ = ay/f v, a,/f,— K'K (K°K?)
(expected BR ~ 10--8)) will be well measured (10° K*K- and
10° KUKY). =direct measure of the g coupling

(See P. Gauzzi’s talk)

21



Measurement of hadronic cross sections
from 2m_to 2.4 GeV

=>»Hadronic contribution to (g-2), and o,

=» Spectroscopy of vector mesons
N.B. “competition” with B-factories ISR, and VEPP-2000

E """"""""""""""""" 'I :' T 1 15T 1071 1 1T 71 .71 1 'I ]
“ Babar/Belle (ISR). ey
5 —
R L _ _ _ m=mQCD _ .
| ; ' .
4 [KLOE (ISR); KLOE-2 \ y
| pESSRRES: #4515 o o e e - - . )
o 3 _ 4 -
VEPP-2000., @ & 5ith .5

2 | Dafn&Z(ﬂﬂ)‘.‘_ o W dili —
1 VEPP 2M . O BES m Crystal Ball &y
: II i = exclusive data * TR 4 PLUTO .

U i Ll lf .I'-\....l | -|- ] _'l' L L1 Ll | L1 Ll |- Ll | Ll
0.5 1 1.5 2 25 3 3.5 4 45 5

6UHAD ~19% ~3-5% ~7-15% | ~6% e-|—e— Cm energy ,



Impact of DAFNE-2 on exclusive channels in
the range [1-2] GeV with a scan (Statistical only)

BaBar, with the published L, , per

point (90 fb1)

BaBar, with 10 x (the present L, )
DAFNE-2, with 20 pb-! per point

(<1 week @102 cm2s1),

= DAFNE-2 is statistically |
etter than O(1ab-') B-factories

8027t2K/027c2K (%)

* Improvement on systematics
come as well!

Of course ISR can
be done as well!

80415/041t (%)
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Conclusion

=New DAFNE interaction scheme (crab waist) successfully implemented, luminosity
increased by a factor of ~3 (Lya~4 1032cm2s1)

»KLOE-2: extended KLOE physics program at DAFNE upgraded both in luminosity
O(20 fb!) and energy (2m_<vs<2.4 GeV)

= Rich physics program:
=Kaon physics - e.g. quantum interferometry, K semileptonic decays,
Ks — 3w, K— ev
= Scalar/PS physics - f,/a, — KKy; n—-n"-mixing, n — wyy, Dalitz and double-
Dalitz decays, CP violation,...
= vy physics (I'(S/PS—yy), test of ¥PT, o0 meson, PS Transition FF LbL?)
=Precision measurement (~1%) of the hadronic cross section 2m_<vs<2.4 GeV

= Search for new physics at O(1 GeV) (Light bosons? Dark Matter particles?)

= KLOE detector will be upgraded by a yy tagger (funded), an Inner Tracker, and
calorimeters in the forward regions (partially funded)

=KLOE-2 will restart data taking at the beginning of next year. The next 3 years are
essentially approved, while the rest of the running will depend very much on the
future of the laboratory (SuperB?)

New collaborators are WELCOME!!! o4



SPARES
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The Inner Tracker

-

AN e

o / ol V.
Lo »
3
4 &y S
£7 B8 Ly
" N A
g A
2
~ \'.

o) 9
) \ o *
5 7 “/

~N<rY
o e
i Ve
N\
\

N\

o R\ \\\
Lo — \
<2003, 4 29 |
T %

IT to be inserted inside KLOE
B |nner radius 127 mm (20 1) to
preserve K -K, interference
region
E QOuter radius 215 mm for safe
installation inside the DC
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The KLOE-2 detector

A project for the continuation of the KLOE physics program
on the upgraded machine, has been put forward since early
2006

It is proposed to improve the performance of the detector by the
implementation of a few modifications to its design:

* The insertion of an inner tracker

» The modification of the quadrupole calorimeters (QCAL)
 The insertion of crystal calorimeters in the low 6 region

* The insertion of a tagging system for yy events
27



Inner Tracker: the C-GEM project (novel technology)

~60 >

<

DC wall
n /
|
|
|
|
*Improve vertex reconstruction \:
«Improve acceptance for low-Pt tracks — f“%
-Light material in order to minimize m.s. or [ ]
and y absorbition : 7}7
Cathode & / T
. . ' Conversion & Drift I V
%Cyllndrlcal GEM1 mmm 'EPIIII.IIIII mﬁ:_
triple GEM GEM2 mm ol .T;a:sf.e:..... oo - Black: At) =6
(G.Bencivenni et al.) .*.” Transfer 2 [ R:g ' ggAt;; 1 ?mm
O(T'(I)) =200 um GEM3 mm/m "l"""""--I-----II iy Blue ideal cuNe
o(z) =500 um , ) Induction ) A
Anode / — — Llu 1 2 3 4 ||(d:m) & 7 a| )
I-D—Preamplifier 0 ) R(Cm)



Need for an Inner Tracker @°

Simulation results for a 1 track from Kg —

Il
XX JAV4 APy XX e : :
Sensitivity on CPT violation
ca ca ca vertex
@p @p @p @ parameters on KO interference
1.2 (aBy)
T 0.6 mm | 0.9 mm MeV/c 1.9 mm
L J

No 1.6 ¢ o
T 1.7mm | 2.2 mm MeV/c 4.9 mm | ~

KLOE measurement (Oat=Ts) ——

KLOE-2 prevision (o=025 " ——
Ts) . -
Factor of 10 improvement of | * . ‘

present error feasible with 20 fb™
(100 fb™" needed witout IT)

10/16/09 Villa Olmo, Como D. Domenici - LNF 2929



vy tagger

Detection of e* emitted at small angle

Detector of the type of that already in use by the GRAAL experiment in Grenoble.

Micro-stri

|
Scintillator 9

! et i
_' [ L B 2 mm.
) mm: - | : 7 }“3 E 6,8 mm
Ll I a—
4,8 mm ]
: ) ]
I |

Scindllator 0

Position detector: ustrip silicon detector + plastic scintillator hodoscope

We are presently studying together with the AD the proper location of the
detector along the beam line and its integration with the machine components



In May (and Nov) 06 The LNF Scientific Committee review the

2 The future programme project

2.1 The physics case

The physics programme outlined in the three Eols and Lols submutted (KLOE2, AMADEUS
and DANILE) 15 very important, solid. and compelling. It will offer unique opportunities 1or new

and improved SM measurements in the sectors of flavour and of strong interactions. as well as
for the exploration of the limits of the SM and of its foundations. Higher-statistics munning at the
¢ peak will improve the knowledge of kaons, possibly exposing anomalies consistent with the
presence of new physics, and will probe with unmatched sensitivity possible violations of CPT
and decoherence phenomena in Quantum Mechanics. No other facility worldwide, either
existing or planned. would be able to carry out this part of the physics programme, which the
Commuittee stronglv supports. AMADEUS also appears to be an 1deal experiment to explore and
study 1n detail the phvsics of possible deeply-bound kaonic states using the high kaon statistics

available. v—(DAFNE-2)

The access to higher collision energies promised by DANAE will open complementary
possibilities. most notably the measurement of R(e"e”) at the 1% level or better. the exploration

of yy reactions and the associated opportunities for scalar meson studies. and the measurement

of proton and neutron time-like form factors. The measurement of E would lead to a
determination of gy (M;) with the accuracy necessary to match the precision of future

electroweak data from the ILC. While a comparable accuracy may also emerge in the future
from other expeniments (e.z. BES. VEPP2000, or the Super-B factory). the relevance and

difficulty of the measurement are such that performung 1t at DANAE 1s highly desirable. The
opportunity to perform this measurement by ttself justifies the effort to increase the DADNE

beam energy.




Comparison of error profiles for o,,(Mz) and a,

Direct

integration of
energy points =
for 1y, (M)

Use of Adler
function

(It allows to use =P
pQCD in a safer

way down to 2.5
GeV) for

OLem(MZ)

Direct
1ntegrat101} of ;
energy points

for a,

2

A (D) axr2,
Aalmd(KIZ)

.0 1.0 20 3.1 9.5

13. GeV

dR at 1% in the region Vs <
10 GeV = improvement of

> 3inda(M,)

dR at 1% in the region Vs < 10
GeV = improvement of ~6
—> in da(M,) (Theory must
improve!) .
1% in the region 1<vs < 2.5
GeV (which is known with 5%
accuracy) = improvement of
~4 on dal(M)

Extremely important region

since its accounts for:
-80% of the total error on Aal”),

» (using Adler function)

- 95% of the tot error on a, 39



KLOE daily data taking (2005)

L =1.4-1032
cm—2s-1

.L=16A

o 11

L=11A

Int. Luminosity (nb-1)

Time (hh:mm-day)

Cshider=> | e

JLdt = 8 pb-1
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