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DA®NE accelerator complex

Frascati -Faclory complex

» e*e — collider at ¢ —meson peak (1020 MeV)
» 2 Interaction regions
LINAC | 3> Trajectory length : 97.69 m

25114 15350 MeV e+
s00MeVe- | 3> Number of stored bunches: up to 120

i
S o s P

|
L > ¢—momentum : ~ 13 MeV/c
TEST
BEAM
FINUDA b First data taking period : 1999 — 2006
DATNEL ,_ = !
- N Best result :
I '
. L=1.4x10%cm—2s-1
ACCUMULATOR /Ldt = 8.5 pb~1/ per day

510 MeV
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DA®D®NE upgrade

In 2008 DA®NE has implemented a new interaction scheme based of a
large Piwinski angle () and crab-waist compensation induced by properly

designed sextupoles x

o, 0

yx “x_ B = <o,

oy 2 y

= | .
H{INI‘ ) o .
] y New collision scheme (tested with
i.H'W TI CRAB Optics the SIDDHARTA experiment)
i ﬁf'ﬁ O month Large angle and crabe-waist
s W || fensccans 3 mandhs compensation y=1.9, py"=9 mm
o e Peak luminosity
i e N Lnew ~ 3xLold
L n"“,’_T“KLOE/FmUD,:\ Old collision scheme
e s U KLOE 2005 =06, By = 18 mm
o W sy, J | KLOE 2002 y=0.3, By =25 mm

g 425 g5 ar 7 L35 1§ LS 225 2
120% g ANBunc b
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DA®NE / future plans

» New director (U. Doselli
since June 2011) stated that
LNF is committed to running
DA®NE and to delivering the
luminosity to make KLOE-2 a

successful experiment

» Recent time (2009 — 2011 years) AD had too much problem to start upgraded collider
» Now the planned time to begin KLOE-2 operations is Novermber 2001

» Time reserved for KLOE-2 data —taking is around 2 or 3 years

» As SuperB construction begins, DA®NE running should be winding down.

» SuperB will be funded separately from INFN base budget

» Now (April 2011) the site of new project was chosen : campus of the Tor \ergata

University (Roma 2)
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SuperB / recent news
BREAKDOWN BY COUNTRY ,.\

Russia E
Slovenia }
T\ superB
Mo
Swihoﬂnnd =‘\. ~
o _‘l = o ’ o Pl Nudeare

j —_—

‘ .._——— France
| — Canada
' -i Awustralia

» In SuperB is inserted in April 2010 among the Italian National Research

=]
g
:
)
&
£

Program (PNR) as a flagship project
» In April 2011 PNR approved 250M for next four years
» Special Russian—Italian agreement for SuperB and funding — managed

through "Kurchatov Institute” (70M)

M. Martemyanov - INR, Troitsk - 31.10.2011 Slide 5



Integrated Luminosity (ab'])

Peak Luminosity (x1 035)

SuperB project
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7°\
> e*e— asymmetrical collider sunerB

» Max. energy up to 4 and 7 GeV \ ,
» Flexible running energy

» Starting luminosity at large Piwinski angle
L=1x10%cm=2s-1
» Luminosity upgrade to 2.5x10% cm=2 s—1

after 5 years of running

» Two distinct modes of operation:
v" 4S region Y(1S) - Y(6S)
v" Charm threshold region: y(3770) and
nearby thresholds

» Super Flavour Factory at large data sample
» Alternative way to search for new physics
beyond the LHC scale
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KLOE — detector

COIL

Cryostat

Drift chamber

» Large volume : @ =4m, L=3.3m

» Gas mixture : 90 % He + 10% C,H,,

» Resolutions : oxy = 0.15 mm, 6z =2 mm
Op/p = 0.4 %, G e ~ 1 MM

Magnet, B=052T

Calorimeter

» Construction : lead / scintillating fibers

» Solid angle coverage: 98%

> Resolutions : cE/E = 5.7 %/ VE(GeV)
ot = 55 ps/ VE(GeV) @ 100ps

» PID capabilites
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Physics at KLOE/KLOE-2

From 2001 to 2005 KLOE collected
~ 2.5 fb~1 (8x10° ¢ — meson decays)
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|'g; dt
pb™' 2005: 1256 pb?!
2004: 734 pb!

2002: 320 pb!

2001: 172 pb!
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KLOE-2 Step 0

Minimal detector upgrade for the first KLOE-2 run (~ 5 fb™ for one year
data taking): taggers to detect electron and positrons from

ete—e'e Yy > ete X
Two type of taggers are installed :

Low Energy Tagger
LET

> 1.5m from IP
> 160 < E <230 MeV

High Energy Tagger

-Eﬁ'l 111 J, N T

@iﬁ xm@. &N v HET
— s > 11 m from IP
LNF Note 10/17(P), 2010 » B >400 Mev
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» LET — calorimeter detector

» It installed inside KLOE-2

» Size:6cmx 7.5cm x12 cm

» LET constructed from 20 LYSO
crystals (X, ~1 cm) and coupled to

the SIPM
» Good energy resolution was

obtained on small prototype :
oE/E <10 % at E < 100 MeV

LET tagger

13
L 2 40 S\ 7
o " Of _ 2.4% B6.5% SMeV(fixed)
o E E(GeV) E(GeV)

02 F

0.15

0.1

0.05 [

t @ Beam Test Facility of Frascati

Ad L L L L s ol ' b
007750 100 150 200 250 300 350 400 450 500

Ebeam( MeV)
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HET tagger

| HET Electron Energy Calibration | 0 505.3 = 02411
=y
£ 500 pl -0.5872 = 0.0027
S490
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“ 480
470 1."‘1..“
460 -‘I""‘-‘
]
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e
s
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Distance (mm)

» HET — position detector (hodoscope) and provides a measurement of the
scattered leptons with respect to nominal orbit

» There is a strong correlation between energies and displacement in the
horizontal plane

» Detector position can be moved between 30 —50 mm from beam
» Hodoscope made by two rows of 15 scintillators (3x5x6 mm3)
» Spatial resolution: 5mm; time resolution: ~200 ps

» Active part of the detector has been assembled with their mechanical
structure. Installation is planned to be within September 2011
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KLOE — 2 Step 1

» IT (Inner Tracker) installation
(between beam  pipe and drift
chamber) to improve tracking and
vertex reconstruction of the charged
particles decaying near IP

» QCALT  (Quadrupole tile
calorimeter) : detection of the y’s
coming from K, — decays in the drift
chamber

» CCALT (Crystal calorimeter):
Increase acceptance for y’s from IP
(polar angle from 21° down to 10°)
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3o /1 [

Inner Tracker

‘/I\/Iain physics goals : vertex
reconstruction in the Kg, 7, ' — decays
and in Kg — K| interference measurement

‘/Cylindrical GEM (CGEM) detector
was proposed and built for the first time
ever

‘/XV strips — pads readout

4 CGEM layers with radii from 13 to
23 cm from IP and before DC wall

‘/Spatial resolution :
Or g ~200 um, o, ~500 um
v 700 mm active length

Radiation length in the active volume
Is 1.5% X,

LNF Note 10/3(P), 2010

2 mm‘\ / /

~__ Read-out

———— N GEM 3

e
N gy TN,

GEM 1

3 rnrr\ /_\
Cathode

v CGEM design  requirements,
performance and XV readout scheme
validated with exhaustive R&D phase

The construction of the Inner
Tracker was started and
planned to be completed next
summer
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CCALT

v/ QCALT located along beam-line > CCALT composed of two small

v Two dodecagonal structures (1 m length) barrels of 24 LYSO crystals each

v's5 layers with tungsten (thick = 3.5 mm) +
tiles (5mm) + air gap (1mm) for a total 5.5

» Each crystal has a length of

X0 10 —13 cm and transverse area
v/20 cells / row for a total of 2400 readout ~ from 1.5x1.5cm? to 2 x2 cm?

channels » Time resolution : 300-500 ps
v/ Fast timing resolution < 1ns for 20 MeV photons

v’ Readout was performed with 400 pixels > Readout was done with SiPM
SiPM (MPPC)
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KLOE - 2 physics program

Main purpose : collect 20 fb~! at the DA®NE upgraded
luminosity using the crab—waist scheme

v’ Kaon physics
 Test of CPT in correlated kaon decays and Ks — semileptonic decays

* Test of SM (CKM unitarity and lepton universality)
* Test of ChPT in Ks — decays

4 Spectroscopy of the light mesons
*n,n', a, f; o from ¢ — radiative decays

v vy - physics
« Scalar resonances in two photon collisions (ete ™ —»e*e” 7*7")
» Single pseudoscalar final state

v/ Dark matter searches
* Light U —boson (low energy region)

KLOE-2 physics program : G. Amelino-Camelia et al., Eur.Phys.J. C68, 619 (2010)
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CPT—-symmetry test in Ke3 decays

(K —»77ev)-T(Kg > 7'ev)

S,L

- ['(Kg, =7 ev)+I(Kg | = 77ev)

CPT invariance : A=A, = 2Ree~ 3 x 10 -3
KLOE result: Ag= (1.5 £ 9.6, £ 2.9) x10-3

500 |
400 |

200 [

0 45

[ N. Evts. (1MeV bins)
1000 |

[ — MC fit
800 |

+DATA

Signal

Background

S0 0 20 40 60 ®o
AE,, (MeV)

KTEV(02): A_= (3.32+ 0.0, 0.05,)x 103

v Result based on Lint = 410 pb~! sample and
statistical error gives a main contribution
v/ With IT installation and KLOE (KLOE-2)

statistics it’s expected 0.3 % on BR(Ks—»7ev)

F. Ambrosino et al., Phys. Lett. B636, 173(2006)
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Quantum decoherence

Interference between two kaons in the entangled state has been observed in
d—>K K -7+ 7 7*7 by the KLOE (2005). \%\
At=1t1-12

—I'| At

tl

¢

Ks, L
cos(AmAL) b\ t2

| (z" 7", n" 7~ ; At)ooe +e —-2(1-¢ )e

Cs. — decoherence parameter (in the
{K°K%%} basic defined as )

KLOE result based on 1.5 fb! n
CoL = (0.3 £ 1.8, + 0.64) x 102
Coo = (1.4 9.5, £ 3.8,¢) x 107

Compatible with the prediction: {g, = (5= 0 :

(no decoherence effect and good test of CPT
coservation)

1400

200 =

[}_...I...I...I...I...I...I
0 2 4 6 8 10 12

At/T,

A. Di Domenico et al., J.Phys.Conf.Ser. 171, 012008 (2009)
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CP-violation in Ks—3 0

v Ks—370is a pure CP — violating process
v o _ _ A(K, - 7°7°7°) 3 ,
CP — violation is parameterizedas : 77000 = AK, = 7°7°72°) &+ &n00

where ¢ and &0, quantify indirect and direct CP — violation . Assuming that
Moo ~ € ONe can estimate BR(Ks—370) ~ 1.9 x 10°
v’ Search of the decay was performed by KLOE with a pure Ks beam obtained
by Ky interaction in the calorimeter (K. — crash) and detecting six photons for
Lint =450 pb-!

BR(Ks—370) <1.2 x10"and |7y, | <0.018

F. Ambrosino et al., Phys.Lett. B619, 61(2005)

» New procedure to refine cluster reconstruction has been obtained

» KLOE-2 expectation: an upper limit lower than 108
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KLOE-2 sensitivity to CP/CPT

Mode Parameter | Present best measurement | KLOE-2 (25 fb)
Ko zev Aq (1.5 +11) x 103 +1 x 1078

'~ rwly A (332.2 £5.8+4.7) x 10°° +4 x 105
Ttw 7070 Re(e1e) (1.65 +0.26) x 10-3 +0.3 x 103
ntw 7070 Im(&7e) (1.2 £2.3) x 103 +4 x 103
T nTtm 4am (5.288 +0.043) x 10° 51 +0.05 x 109571
VA 4 T ™ Csi (0.3 £1.9) x 102 +0.2 x 102
ztnT mtmo Eop (0.1 +1.0) x 106 +0.1 x 106
n'r VA 1 a (0.5 +2.8) x 10-17 GeV +2 x 10717 GeV
nr Y B (2.5+2.3) x 10-1°GeV +0.2 x 10719 GeV
Ttw A 2 y (1.1 £2.5) x 10~ GeV +0.3 x 10721 GeV
VAT P A = Re(w) (-1.6 *394 0.4) x 10~ +3 x 10°5

KLOE current resolution : o(At) ~ ts, IT Installation gives o(At) ~ 0.31s
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(MeV™!' nb™ )y

P
Ty ee

dbF/dW

.
10 ©

10

-2
10

10

vy — PYSICS

ete et Yy > ete X

=L, J‘ dF (W )dW L., — integrated luminosity
eex dw awy Crox Wy S8, Wyy —invariant mass of 2 y’s
44
L\ T Vs = 1.4 GeV e'_ /
V(¥/A Vs =1.2 GeV
i Vs =1.02 GeV tl

et t2

n foao

Taggers are essential to
reduce background from

¢-decays and  close

500 1000 I kinematics

W w ( MeV )
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VY —> O—> T

> lInd region (450-850 MeV)
contains peak of scalar resonance o, or

* MarkIl Tt
100 - * B'E“E' T':+ m=
= Belle

f,(600)
2001 » Structure of ¢ (qq or qgqQ) is under
% discussion

» Values of mass and width are known

with large uncertainties
LD 20

100

>IA

= L e yy o 0n°
0 0.4 -::LEE 0.8 1.0 1.2 1.'4 S _ . Ee:,,:gm:(i?’gz,
E (GeV) c\t/:! 4 Pennington (1¢92)
v’ Best way to search : 7979 S
S 'y
v’ 7+ channel has a large 1+~ bekg. ©
v Analysis was started on the KLOE data 77 s
300 400  s00 €00 '7ow7'/7‘soo
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Single pseudoscalar mesons

V6 (GeV) 1.02(12|1.4

Final states: X =P = 72'0,77, 77' clete"—ete 7% nb || 271 | 371 | 364
clete"—ete n) nb || 45 | 66 | 90

olete—ete 7 )nb || 4.9 | 20 | 40

» Measurement of two—photons

decay width /TP—yy) which can be
extracted from cross sections o(e*e” —e*e” P)

T (P—yy) is used for calculation of the mixing angle (¢p) and gluonium
content (Zg° = sin’¢g)

=
L
n

)
i~

v or® L
» Measurement of the form L1
factors y*y*— 0 n at low Q?

QYIF(Q%) (GeV)
§
-

=
b =
N to
I
] 'v‘i\ .m‘
.
Ls

0.02 GeV2< Q2 < 0.4 GeV?2 0.1

0.05

|
10 1 10 > 5
Q" (GeV))

M. Martemyanov - INR, Troitsk - 31.10.2011 Slide 22



n—n' mixing and »’ gluonium content

17" meson is considered a good candidate to host a gluon condensate.
This question has been extensively investigated but it’s still without a
definite conclusion

n')=cosgssing, 1Euu+dd>+ COS¢;COS @, SS )+ Sing, gluonium
A\

1 B @-: n—n' mixing angle
7)=C008, ﬁuu+dd>—3m¢p55> Z:2 = sin2¢, gluonium content

BR(¢ —> 71’ _
KLOE measurement. R¢= BR((Z _)73777)) =(4.774£0.09,,, £0.19.; )x10°

related to the mixing angle and gluonium content.

0-=(40.4+ 0.6)° Z.2=0.12+0.04 at
y2ndf=4.6/3 P(y2) =20%

F. Ambrosino et al., JHEP 0907, 105(2009)
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KLOE : global fit with 6 free
parameters to various relation

n —n' mixing: from KLOE to KLOE-2

between hadronic widths

~ w08
N

0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1

0.05

0

I'M'—=oN/T(O—=1")

30 32 34 36 38 40

0.45

T(n'—py)/T(©—7"Y) 0.1

42

TR IR B A
44 46, 48 50 0
(pp degree

oS
N

KLOE-2 expxectation measuring of
n' branching ratio with 1 % accuracy

Md—=n"NT(d—m =T (w— x ¥)

(' —=py)/T(o—=x"

T(n'=y)/T(x"=yy)

)
32 34 36 38 40 42

TS IPET TS AT ET T
44 46 48 50
(p, degree
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Dark matter searches

Recent observations from independent experiments (PAMELA, ATIC,
INTEGRAL, DAMA/LIBRA) can be explained by a secluded gauge
sector (U — boson with mass near the GeV scale). U — boson couples the
secluded sector to SM through its kinetic mixing (mixing parameter

g <1073)

R. Essig et al., Phys.Rev. D80:015003 (2009)

Possible scenarios : €N U € U

" 9 — nU, U->e'e”

"e*e” > UA (& Higgs’ strahlung) :
> (M, <my) U —>I*l7, A — undetected ; processcan be
defined only by two detected leptons + missing mass
> (My >my) £ ->UU— 4] (multi - lepton events)
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Search of the U-boson in ¢p—nU

» KLOE search ¢ - nU , U —>e*e”

= n — 77 70 (preliminary result available) , 7 — yy (in progress)
» Main irreducible background from ¢ — re*e™ (BR measured in CMD-2, SND)
» KLOE obtained result (systematics not included) on 739 pb ~ 20 events and
e < 3x10 ~3in the region 25 < Mee < 425 MeV
» KLOE-2 data taking can improve result to 10 3

_ E Exclusion plots |]
i . _ 200 B
0k Fitof ¢ > ne'e, 8
At n— 100t
n ?. - .
10 4 ID'D 300100 150 200 250 300 350 400 430 300
: M_ Mev) ~ 20 events
+‘#w ‘
[ + WH 0.04 ¢
10} t W : .
: t 0.03 :
[ 0.02 j
10 E_ 1 1 1 1 ] 1 1 1 \ 0.01 ;T'q‘\ —— i st i, -"‘h:-
0 50 100 150 200 250 300 3501*{4{10&?21!550 0 050100 150 200 350-300 330 400 256200 5
e M, MeV)g~ 310 ~
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Search of the U-boson in efe"— UA’

v KLOE-data (Lint. = 1.65fbat ¢ —peak and Lint.= 0.2 fo1 'S = 1 GeV)
v’ Crucial background from ¢ > K'K™/ 7z + 7 7 °

v Possible decision to suppress background : using off—peak sample
v’ Next step: improvement of the vertex reconstruction (IT installation)

)

L=
(=1
=]

ete > UM, U»,u u-

M, (MeV

. 20 E 223
K K _)ﬂ +ﬂ VV 0 _é i 20
;..

1I' 10 .I" 2.3
||||||||||||||||||||||||||||||||||||||||||||||||| |:| ||||||||||||||||I|||||||||||||||||||||||| D
0 100 200 300 400 300 00 700 200 900 ICIIZIU O 100 200 300 400 0 G600 700 200 900 1000

M (MeV) M, (MeV)
«/s 1.02 GeV* \/S—l.OGeV
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Conclusions

v’ New DA®NE interaction scheme (crab-waist) is successfully
Implemented. It increased the old luminosity by factor 3
(instantaneous luminosity ~ 4x10% cm % s 1)

v DA®NE is in commissioning phase

v KLOE-2 collaboration proposed a wide physics program

v KLOE-2 is ready to start a long period of data-taking

v/ Installation of the taggers ( and ) gives a way to
search yy— physics processes

v’ New detector upgrades (calorimeters and inner tracker) are

planned to install next year
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> Studied * *—>7°7° (BDSIM/IGEANT4) mp
» Single acceptance (only 1 tagger) = 54%

> Single arm acceptance :
HET =14%, LET =17/%

/Ldt=1fb? 70— yy
t| 1o oo(p e ’)2

100000
10000
1000
100

10

1

> No tagging 5

0.6

tz,Gev2 AT 1,GeV? GeV?

0
0.2

tl’ GeV?

1.2

» HET x HET is enough for measurement of /{z°— »r) (EKHARA Monte

Carlo generator)
» HET x HET + LET x KLOE is trigger for the form factors of yy— 7% n
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