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DA®NE: the Frascati ¢-factory
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. e*e collider @ Vs = M,=1019.4 MeV

. LAB momentum p, ~ 13 MeV/c

« Opeak ~ 3 Ub

. Separate e*e” rings to reduce beam-beam
interaction

. Beams crossing angle: 12.5 mrad

. Peak luminosity 1.5x1032 cm?s!

XL International Meeting on Fundamental Physics — Flavor mini-WS CSN1 — May 25th - 27th, 2012 — Benasque - Spain



DA®NE Luminosity history
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KLOE run:

Daily performance;fL dt 7-8 pb-’

Peak L ~ 1.5 1032 cm2s™

Total KLOE [Ldt~ 2.4 fb~'at ¢ mass peak +
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The KLOE detector at DA®NE

Superconducting coil

B=052T
V7 "”\\\\Q%/ W |

Cryosh1|

Lead/scintillating fiber
4880 PMTs

98% coverage of solid angle

4 m diameter x 3.3 m length
1\ 90% helium, 10% isobutane
| DN\ \\§ 12582/52140 sense/total wires
- * All-stereo geometry
oc/E = 5.7% /VE(GeV) 04
= U. ks with 6 > 45°
01- o 54 ps /\/E(GCV) @ 50 ps GP p o (Tr'ac s with > 45 )
(relative time between clusters) o xh”
Oy ~ 2 cm (n° from K. — ntaaf)
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= 150 um (xy), 2 mm (z)
O-xver'tex ~ 1 mm
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KLOE results in kaon physics

» KLOE has measured all relevant inputs x. — =ev 0.4008 = 0.0015 [50]
for charged and neutral kaons: BR’s, Kp = mpv 0.2699 40.0014 [50]

] . Ky — 3n" 0.1996 % 0.0020 [50]
lifetimes, form factors Ky — 1+ 0.1261 0.0011 [50]

» SM test in the flavor sector through precise  x; — z+»- (1.963 £ 0.21) x 1073 [62]
measurements of V  and Kp—yy (5.569 &+ 0.077) x 10~ [63]
Ry= ['(K— ev)/ (K — pv) Ks—nmtn— 0.60196 4 0.00051 [55]

i Kg— m0x0 0.30687 £ 0.00051 [55
> CPT and quantum mechanics tests s SRR St
‘th th lvsis of the OM i f Ks — wev (7.05 4+ 0.09) x 10~* [54]
with the analysis of the Q 1nte_r erence Ks—> vy 2265019 % 10-5g6a1
of neutral kaons, K semileptonic decays, Ks — 3n° =1.2 % 10~7 at 90% C.L. [65]
unitary (Bell-Steinberger relation) Ks— ete ™ (y) =9 % 107 at 90% C.L. [66]
» Recent results and ongoing analysis K* = pwhv) 06366 0.0017 [52]
v K. lifeti Kt = xtx%y) 0.2067 = 0.0012 [53]
s liretime Kt = x%*u(y) 0.04972 + 0.00053 [51]
[Eur. Phys.].C 71, 1604 (2011)] K+ — 2%utv(y) 0.03237 & 0.00039 [51]
v K - mOnon? (preliminary result) K+ — x+m0n0 0.01763 % 0.00034 [67]
- - c = (2.493 025 =5
v KK, = 't 't (QM/CPT tests updated; Rx = (2493 £ 0.025sut £ 0.019450) x 10

Tg = 89.562  0.029,, % 0.043_, [ps]

stat

vV Kr > mtmtm T
v' K, regeneration
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KLOE-2 at upgraded DA®NE
DA®NE upgraded in luminosity:

- new scheme of the interaction region (crabbed waist scheme) at DA®NE
(proposal by P. Raimondi)

- increase L by a factor x 3 demonstrated by a successful experimental test

KLOE-2 experiment:
- extend the KLOE physics program at DA®NE upgraded in luminosity
- Collect O(10) fb~"1 of integrated luminosity in the next 2-3 years

Physics program Detector upgrade:
(see EPJC 68 (2010) 619-681) + vy tagging system:

* Neutral kaon interferometry, CPT e inner tracker-

try & QM test
symmetry _Q eSS » small angle and quad calorimeters:
« Kaon physics, CKM, LFV, rare Kg decays . FEE maintenance and upgrade

*nn’ physics Computing and networking update
 Light | hysi
ight scalars, ry physics - etc.. (Trigger, software, ...)

* Hadron cross section at low energy, a,
» Dark forces: search for light U boson
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DAO®NE luminosity upgrade

Crabbed waist scheme at DA®NE

45000 r
40000 - |
- B I- } }
‘_"m 35000 |- MH’?{‘ it }
g
AIJE 00 i\ {,‘ 1} “ ' ‘ Crabbed waist is realized with a sextupole in
o (1| . . up
o E ’&‘i’ﬂ’”' ﬂh = phase with the IP in X and at n/2 in Y
0 25000 [ AP | \
S ; A RAB Optic —— NEW COLLISION SCHEME:
— [ 4~ [ 21/12/2008 SIDDHARTA L Piwinski |
T R S EE 18/04/2012 KLOE2 arge FIWInski angie
fary ra Crab-Waist compensation SXTs
8 15000 _1;'*
- f IH' - A ¢ .,»4"‘1"‘"'|~|"w{"
g R T W.“ T — Present commissioning phase
E : l
— o F A e EE 120412007 Fimadreest New coll. scheme + KLOE det.
.
- e B oe S
0‘f:rlfl:.l.luulu..l....|....|....1.“,1..1.1H..\ Old lisi h
0 025 05 075 1 125 15 175 2 225 25 collision scnheme

I +., I - ]]V;/Imrmonic [ A2 ]
max. expected at KLOE-2 : L., ~ 20 pb-/day x 200 dd/year = 4 fb"! /year
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From KLOE to KLOE-2: yy taggers

Measurement of leptons momenta in e*e—etey 'y —eteX

LET: E_ ~ 160-230 MeV

> Inside KLOE detector
> LYSO+SiPM
» 0<10% for E>150 MeV

HET: E, > 400 MeV
> 11 m from IP

» Scintillator hodoscopes
» o~ 2.5MeV
» o~ 200 ps

vy taggers are installed and ready for the first KLOE-2 run (STEP0) in autumn 2011
~5 fb! of integrated luminosity expected
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From KLOE to KLOE-2: IP detectors
Major detector upgrades for second KLOE-2 run (STEP1):

INNER TRACKER

> 4 layers of cylindrical triple GEM
> Better vertex reconstruction near IP

» Larger acceptance for low p, tracks

QCALT —
> W + scintillator tiles + SiPM/WLS

»> Low-beta quadrupoles: coverage for K;

decays

CCALT —
» LYSO + APD

» Increase acceptance for y’s from IP (21°-10°)
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Vus, lepton universality, and CKM unitarity at KLOE

G2m3
T(Kgsy)) = Vs £+ (0)° F2 KOk Sewlke(1+0py + 050(2)°
) All KLOE exp. inputs < subsequently
K but KS lifetime: measured by KLOE:
K, K> mev err % EPJC 71(2011)1604
——— KLOE average
OV | _f Ke3 02185@) 03 IV,.If.(0) = 0.2157(6) |( 0.28%)
2Indf=7/4 o Ku3 0.2167(9) 0.4 V<] =0.2237(13) | 0.6% &&
(13%)
. Kse3  0.2152(14) 0.7 Lepton universality @ood)
3 r, |f+ ‘/fllQ 13, exp —1.000 06:9
K:e3 0.2152(13) 0.6 = T (0) V2 r,. = 1.000(8)
+ usle3, exp
T | wws oz o7 7 decays: (1, )= 1.0042(33)
0.210 T decays: (1, )= 1.0005(41)

IV, IV ql= 0.2323(15)

D(Kusy)  [Visf? £ mic(1 =, fmi )

= K 144 1-|V 4 > |V | = 4(7)x10* @0.60
| R e
K, K- 2v World Average: 6x10accuracy
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Prospects for . (0)|V, | at KLOE-2

*

fi OV, |, \
World average + us Joerr BR T 0 I lerr | BR T o) Iy
from Flavianet
K.e3 0.2163(6 0.26 | 009 |[020 |011 |006 |0.20 [009 |0.13 | 011 |0.06
EPJC69(2010)399 |- ©)
Ku3 0.2166(6) |0.29 | 015 |018 [011 [008 |0.24 | 015 | 013 | 011 |0.08
improvements Kee3 0.2155(13) |0.61 060 [003 |011 |006 |0.35 |030 [003 |011 |0.06
possible at
: K3 0.2160(11) |0.52 | 031 |009 | 040 |006 |0.38 | 025|005 |0.40 |0.06
KLOE-2 with e -
| ~5 fb-1 K:u3 0.2158(14) | 0.63 | 047 [008 | 039 | 008 |0.41 |0.27 [005 |039 |0.08
Aver 0.2163(5) |0.23 0.15
>3 0.228 | v, - 0) f+ (O)Vus >3 0.228
V0 (Ky) KLOE today 0.28%
e World average 0.23% o228
fit— fit with
e KLOE-2 (5fb) + W.A. 0.15% e
0.224 -
“d\\(\,z\ 0.224 €
== ¢ Recent progress on Voll
z . LQCD calculation> e
0972 0974 0976

precision on f,(0), f/f_of

0(0.1%) feasible (now at ~0.5%)

0.972

0.974

0.976

ud
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Prospects for . (0)|V, | at KLOE-2
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K(— nt%nt’n? : search for a CP violating decay

Observation of Kg — 3n? signals CP violation in mixing and/or in decay

. F(Kse3“0): (K —=37°%) Mogol* = (K —37°) [e+€’ 0/

N 9
= BR~2x10 Direct search at KLOE

K, 1nteractions in the calorimeter to tag K¢ decay

6 prompt y’s required 3 60
Analysis based on y counting and kinematic fitin
the 2nt” and 37" hypothesis 40
Dominant background from K(—2x°+ 2 split or 2
accidental clusters 20
After all analysis cuts (g5, = 24.4%)

— 2 candidate events found U

— 3.13+0.82stat+0.37syst expected background

2005 analysis

0

Best sensitivity from KLOE [PLB619(2005)61] with 450 pb! =

BR(K,—3n")< 1.2 x 107 @ 90% CL Moool< 0.018 @ 90% CL
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K(— nt%nt’n? : search for a CP violating decay

SIGNAL BACKGROUND
° .=r. ° .=‘F
o A ::__ —_% A '4"":[_1 b
ZM& ‘ | —L R A \

AN P \ ;iéi. lfé il _
Af" LM [ [T fh Af 14— |
\F . _“ ‘/; | . —“ A
reta § s
%— /"‘ ' ‘\‘ -y '
. [* \ -

”
} g . bl .
ou I ' iy ou I L
H : \ [ [ | 77V © NH. : H7
~ |TH =1 P N | — |
~ gl _}:‘ ~ gl — L~
h'h L -~ hh. )
. e o )™ gplitted clusters
K¢ = 31— 6y K¢ — 2m0 + accidental /splitted clusters

K, = 3m, Ki— n* 1 ( ,fake K, crash”)
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K — 170 : search for a CP violating decay

The analysis has been updated _ :
. : : _ N, =0 evts. in data

- 1mproving clustering procedure to reduce split clusters B ,

- hardening the f*(K, ) cut for tagging the Ks decays "Ny =0 evts. in MC

- processing the entire data set (~8x107 tagged KK, pairs) -0.12 evts expected in SM

L= 100 g 200 :
T e * DATA W 180 * DATA

- signal box 80 ®* MC background 160 :* MC background
70 . . . 140
- Ry >065cm 60 Ve L e e 120
50| 9 ¥ T 100 s
- &5, =0.19(1) g0 | bon R ool ce.. |
30 [ :'.-x";_?_" ! e, 60 . :
20 [ . 40 "We o
N;.0<2.44/¢5.0 o o 2 F
=12.84 at 90% C.L. 0 0 i

0 10 20 30 40 50 60 70 80 90 100 0 20 40 60 80 100120140160 180200
XS Rmin (Cm)

Normalized to N, o
=90062000/¢,,0=136457576 \(\a

BR(K,—3n")< 2.9 x 10

This result points to the feasibility of the first observation at KLOE-2
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The light quark masses: study of n—=3m decay

Quark masses are fundamental parameters of the SM known only through their impact
on hadronic interactions and hadron properties
Changing perspective, the SM predictions of any process involving hadrons are affected
by the knowledge of the quark masses
Precision measurements combining isospin-symmetric results from LQCD with i1sospin-
breaking study in ChPT

 n—nnn decay = Isospin violation £ - _l(mu _m,)(#u-dd)

(e.m. contribution strongly suppressed) 2

1 mz 2 2 M(S,t,ll)
In ChPT: A(s,t,u) = ——2-(m; —my) 2
m 3+/3F
» _ M, — - 3s—4m2f “
where |Q° = m’ —m’ and, at lowest order  M(s, t,u) = —; z
u mn _mn

A

m= (md + mu)/2
L'(n — 3m) o< |A]* o Q*
T'ro(n — 7t~ 7% = 66 eV
I'nro(n — 7r+71'_7r0) = 167 eV
Cezp(n — T~ 70 = 296 eV

« Large final state interactions
In order to improve on the light quark masses precision,
recent theoretical works use a dispersive relations approach

and experimental inputs: n—mnmr Dalitz plot
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n—=a'wn’ at KLOE

o—=ny (E,.. =363 MeV) A
n—=n'n = xtn+ 3y Y = ~ !

450 pb! = 1.34 x 10° events
in the Dalitz plot

N | 10000

dxdy [

IAX,Y)]? = 1+aY+bY?*+cX+dX?*+eXY+HY? 10000

a -1.090 = 0.005 +0'008- 0.019 5 5000

b 0.124 £ 0.006 £ 0.010

c 0.002 + 0.003 +0.001 0

d 0.057 £ 0.006 """y oy

e -0.006 = 0.007 "™y 403 . , L

7 0142 0.01 2002 . C, e. compatlb.le with zerg (C VlOl;lthﬂ) )

P(x’) 3% * fit without cubic term (fY°) = P(x*) ~ 10

[JHEP0805(2008)006]
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n—n'wn’ at KLOE

A new analysis is in progress with: After cuts have:

* larger data sample: 2 fb-1 « MC signal 1.7275 - 10°

* improved analysis strategy « MC background 1.63 - 10*
* reduced main systematic uncertainty Background at ~ 1%

due to event classification efficiency
(evaluated from min. bias data)

-1-1 -08 06 -04 -02 0 02 04 06 08 1

-1-1 -08 -06 -04 -02 O 02 04 06 08 1

X X
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N—n'm’n’ at KLOE

« Symmetric Dalitz plot:
Alx1+20Z = onIy one parameter

Z 3E,—M, o’
- —3M,, e

(p = distance from the Dalitz plot center)

* 450 pb'! ; 7 prompt photons
=> 6.5 x10° events

o =—0.0301+0.0035"0922

[PLB 694 (2010) 16]

Strong interactions correlate the two
amplitudes A(Mm—n*r ") and AM—=n'n'n’):
from the Dalitz plot of n—=mnmw "

=  a=-0.038+0.003""22
[JHEP0805(2008)006]
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The light quark masses: study of n—=3m decay

Using dispersive relations and the fit to the n—mn*n " data a reasonable agreement with
precise experimental analyses of the n—n’t’® channel, is obtained.

The Q value obtained with this procedure provides useful information on quark masses.

New more precise data on T]%J'E*_J'E_JEO m
important in order to reduce Hu Courtesy of H.Leutwyler
d

systematics on Q? associated to 0 f2l 04 LB N
the residual mismatch with the ) H Hl " s 1
neutral channel. il " ;
New analysis of the whole m, “f IH m i 1%
KLOE dataset (~2fb!) with m, I H m | )
new analysis strategy to reduce M= S E 1
systematics —_ i

10— ® PDOOS —10
At KLOE-2 with the inner tracker I —cwr ]
and more data we expect a further - = Lo 1
significant improvement [ ? =T :

00 | 0{2 | 0?4 | 0?6 | 0?8 | 10

Emilie Passemar HEP2011, Grenoble, 22 July 2011
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Neutral kaon interferometry: main observables

I(At) (a.u) 40 (a
RS _l_mx_ S
IO + %er
¢ =>KK, =7 lv a7l | 0y
» | TV Y

_ PR 0_0
¢ =Kk mwm i ¢ = KK, =amn alv

w(€) o€ e 4, = 2Re -RS
£ £ | At/tg - Ry -NAx_

¢J’L’ T
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Prospects for KLOE-2 at upgraded DA®NE

Param. Present best published KLOE-2 KLOE-2 KLOE-2
measurement L=5 fb-! L=10 fb-! L=20 fb!
Aq 15x=11)x 103 + 2.7 x 103 + 1.9 x 103 + 1.4 x 103
A (332.2+58+4.7)x10° + 8.9 x 107 + 6.3 x 107 +4.5%x 10
Re(e’ /¢) (1.65 = 0.26) x 103 (%) + (.72 x 103 + (.51 x 103 +0.36 x 103
Im(g’ /¢) (-1.2 £2.3) x 103 (%) +9.4x 103 + 6.7 x 103 +4.7 x 103
Re(0)+Re(x) | Re(d) = (0.25 = 0.23) x 103 (¥) + (.7 x 1073 + (.5 x 1073 + 0.4 x 1073
Re(x)=(-4.2x1.7) x 103 (%)
Im(6)+Im(x,) | Im(d) = (-0.6 = 1.9) x 10> (¥) +9 x 103 + 7 x 1073 +5x 1073
Im(x,) = (0.2 £2.2) x 103 (%)
Am (5.288 = 0.043) x 10° 5! +0.096 x 10°s! | £0.068 x 10°s! | +0.048 x 10°
51

A. Di Domenico

(*)= PDG 2010 fit
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Neutral kaon interferometry: ¢ KK, —=ntn” it

i) - [[K)&) - [R)&°)]

4
v
A
N

Most precise test of quantum coherence
in an entangled system:

1C5 = 1429.55, +3.8,5; x107]

C decoherence parameter (QM predicts T=0)

PLB 642(2006) 315 L=1.5fb"' : J.Phys.Conf.Ser.171:012008,2009°5 1+ 2 5 % 5 "% 7

Quantum gravity effects might induce: At/ Ts

1)decoherence and CPT violaton @~ —— 3 y =(0.7£1.2 +03 %1072 GeV
(at most y=0(my?/Mp,,ne)~2%10-20 GeV) | ( STAT SYST) |

‘i) - (KOI?O _KOEO) +(U(KOI?0 +KOI?O)

2) de_goh_erence anq _CPT violatio_n induce__J R o = (_1.63:?”” N 0-4sm) 10~
modification of the initial correlation of the kaon
pair (at most w=0(m /Mo, /AT) ~1x10-3) Sw = (—1 TS osmar * 1-2sm) x 107
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Neutral kaon interferometry: ¢ KK, —=ntn” it

i = g IKIEe) -[&)lK)] )]

4
v
A
N

08

EPR correlation:
no simultaneous decays
(A=0) 1n the same

final state due to the
destructive QM interference

Most precise test of quantum coherence _
in an entangled system: oe |

1C5 = 1429.55, +3.8,5; x107]

C decoherence parameter (QM predicts T=0) _
..I......I...I...I...I...I...I...I...l
PLB 642(2006) 315 L=1.5fb-' : J.Phys.Conf.Ser.171:012008,2009.°c + 2 3 ¢ 5 & 7 8 5 1
At/tg

Quantum gravity effects might induce:

1)decoherence and CPT violaton @~ —— 3 y =(0.7£1.2 +03 %1072 GeV
(at most y=0(my?/Mp,,ne)~2%10-20 GeV) | ( STAT SYST) |

‘i) - (KOI?O _KOEO) +(U(KOI?0 +KOI?O)

2) de_goh_erence anq _CPT violatio_n induce__J R o = (—1.63;(1’”” N 0-4sm) 10~
modification of the initial correlation of the kaon
pair (at most w=0(m /Mo, /AT) ~1x10-3) Sw = (—1 TS osmar * 1-2sm) x 107
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Neutral kaon interferometry: ¢ KK, —=ntn” it

i) - [[K)&) - [R)&°)]

4
v
A
N

Most precise test of quantum coherence
in an entangled system:

1C5 = 1429.55, +3.8,5; x107]

C decoherence parameter (QM predicts T=0) _
PLB 642(2006) 315 L=1.5fb"' : J.Phys.Conf.Ser.171:012008,2009 % —+ = 5 & & % 7 & Agt/m
Quantum gravity effects might induce: s
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Neutral kaon interferometry: ¢ KK, —=ntn” it
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Neutral kaon interferometry: ¢ KK, —=ntn” it
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CPT and Lorentz invariance violation (SME)

Kostelecky et al. developed a phenomenological effective model providing a framework
for CPT and Lorentz violations, based on spontaneous breaking of CPT and Lorentz

symmetry, which might happen in quantum gravity (e.g. in some models of string theory)
Standard Model Extension (SME) [Kostelecky PRD61, 016002, PRD64, 076001]

CPT violation in neutral kaons according to SME:
« CPTV only in mixing, not in decay, at first order (i.e. B, =y =x_= 0)
* § cannot be a constant (momentum dependence)

€5, =€%x0 0 =isin¢SWei¢SWyK(AaO—BK-Aa)Am‘

where Aa, are four parameters associated to SME lagrangian terms and related to
CPT and Lorentz violation.
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CPT and Lorentz invariance violation (SME)

S =isingg,e”"y, (Aao - By -Aﬁ)Am‘

0 depends on sidereal time t since laboratory
frame rotates with Earth.

For a ¢-factory there 1s an additional
dependence on the polar and azimuthal
angle 6, ¢ of the kaon momentum in the
laboratory frame:

—f 1 2m N x
0 Qp ,0,t)= —f(S (p,t)z’(/ﬁ (in general z lab. axis is non-normal
27 0 to Earth’s surface)
isin ¢,e'*"
= yK[AaO + BAa, cos y cosO
Am —
+ i Aay sin y cos 6 sin L7 Q: Earth’s sidereal frequency
+ B.Aa, sin ) cos 6 cos Qt] ¥, : angle between the z lab. axis and
g the Earth’s rotation axis
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CPT and Lorentz invariance violation (SME)

— 7 Q1 (Dsy @ _ Q. _’) ‘
0 =isin ¢SW€ Yk B4y /J)K Aa } Am At DA®NE K mesons are
produced with angular

0 depends on sidereal time t since laboratory distribution dN/dQ « sin20
frame rotates with Earth. o

For a ¢-factory there 1s an additional
dependence on the polar and azimuthal
angle 6, ¢ of the kaon momentum in the
laboratory frame:

NW\ZZe\\\7,

g 1 2w ~
5 Qp 0,1)= —fé(p,t)z’qb
27T
; (D5
1S1n e
_Isin sy v [Aa, + B Aa, cos x cos O
Am —
+ i Aay sin y cos 6 sin L7 Q: Earth’s sidereal frequency
+ B.Aa, sin ) cos 6 cos Qt] ¥, : angle between the z lab. axis and
R the Earth’s rotation axis
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Measurement of Aa_ at KLOE

Aa, from Kg, semileptonic asymmetries 496{6 sin ¢SW o' sw )/K
As, (with symmetric polar angle 6 and AS - AL = AaO
sidereal time t integration) Am

with L=400 pb-' (preliminary): ‘Aao = (0.411.8)x10_17 GeV‘

with L=2.5 fo'' : o(Aay) ~ 7 x 10°18 GeV

Aayy from ¢ = KK, = a'm ' With L=1fb"' (preliminary)
(analysis vs polar angle 6 and sidereal time t)
Fit to: [[J‘[*JT_(?(?S9>O),.7T+J'L’_ (cos6<0);At] AaX = (— 6.3+ 60))( 107" GeV
* at At~t, sensitive to Im(0/¢)
. —¢ _5(,?,@,,)\K . Aa, =(2.8+59)x10™ GeV
LS - _
c0s0<0 ,vz» & Aa, =(2.429.7)x10™ GeV
______________________ P I 2
-
- KTeV :Aay, Aay,<9.2 x 1022GeV @ 90% CL
T K
G oS00 BABAR AaB, , (Aa®,— 0.30 AaB, ) ~O(10- GeV)
PRL 100 (2008) 131802
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Measurement of Aa_ at KLOE

Aa, from Kg, semileptonic asymmetries 496{6 sin ¢SW o' sw )/K
As, (with symmetric polar angle 6 and AS - AL = AaO
sidereal time t integration) Am

with L=400 pb-' (preliminary): ‘Aao = (0.411.8)x10_17 GeV‘

with L=2.5 fo'' : o(Aay) ~ 7 x 10°18 GeV

Aayy,from ¢ = KK, =m'n n'm With L=1 fo' (preliminary):

100 TR 1 sidereal time t)

%0 0. - 4. sidereal hours . . _

i ‘ ] 6<0):4y Aa, =(-63=6.0)x107"® GeV
B Aa, =(2.8+59)x10™ GeV
N > 7 Aa, =(2.429.7)x10™ GeV

ok KTeV :Aay, Aay< 9.2 x 1022GeV @ 90% CL

o 0 BABAR Aa®_ , (AaB,—0.30 AaB, )~O(10" GeV)
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New method & refined techniques

cos0<0 €c0s0>0

Possible effects due to Aa, (~yk) are washed out
in the old approach: forward (cos6>0) - backward
(cosB<0) analysis.

New method exploiting the quadrant (cos6=>0
cos¢>0) -(cosb<0 cosp<0) analysis is under way.

c0s8<0 c0s6>0 => consistent and independent determination of
— all four Aa,
cos$>0
Before
After
cosp<0 10°
, OLD GlobalFit

Refining the techniques used to
select and to analyse data it is
possible to improve the
resolution, acquiring more
sensitivity on CPTV parameters

A

1 1 1 1 1 1
-25 -20 -15 -10 -5 0 5 10 15

Atyee — Atypye In 7o unit_
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New method & refined techniques

—

b2

<
|

I(A7) (dN/tg)
2

80 -
60 -
. Data are black points
e Green band is the fit result
20 - Statistical error only
) Summary:
0 4 bins of sidereal time (times)
) 2 sample according to the direction of first
kaon (times)
30 bin of At (1)
21 Mar 2012 A. De Santis — K26M — CPTulLoreniz Invariance 24
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Prospects for KLOE-2 at upgraded DA®NE

Para | Present best published KLOE-2 (IT) KLOE-2 (IT) KLOE-2 (IT)
m. measurement L=5 fb-! L=10 fb-! L=20 fb-!
Coo (0.1 £1.0) x 10-¢ + (.26 x 106 + (.18 x 10¢ + (.13 x 10
CsL (0.3 +1.9) x 102 + (.49 x 102 + (.35 x 102 + (.25 x 102
(-0.5£2.8)x1017 GeV | £5.0x1017 GeV | =3.5x1017 GeV +2.5x 1017 GeV
B 25x£23)x 10 GeV | £0.50 x 1012 GeV | £0.35x 10°° GeV | +0.25 x 10°"° GeV
1.1£25)%x1021GeV | £0.75x 1021 GeV | £0.53 x 102! GeV | =0.38 x 10! GeV
compl. pos. hyp. compl. pos. hyp. compl. pos. hyp. compl. pos. hyp.
(0.7+1.2)x 1021 GeV | £0.33x 1021 GeV | £0.23 x 1021 GeV | £0.16 x 102! GeV
Re(w) (-1.6 £2.6) x 104 + (.70 x 104 + (.49 x 104 + (.35 x 10
Im(w) (-1.7 £3.4) x 104 + (.86 x 10 + (.61 x 10 +0.43 x 104
Aa, | [(04x1.8)x1017GeV] | £0.52x 1017 GeV | £0.36 x 1017 GeV | +0.26 x 10-!7 GeV
Aa, | [24+9.7)x1013GeV] | =2.2x10718 GeV + 1.5 x 1013 GeV + 1.1 x 103 GeV
Aay y [<10-21 GeV] +1.3x103GeV | £0.95x 1013 GeV | +0.67 x 1018 GeV

A. Di Domenico

[....] = preliminary
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Direct test of Time Reversal symmetry with neutral kaons

A direct evidence for T violation would mean an experiment that,
considered by itself, clearly shows T violation INDEPENDENT and
unconnected to the results for CP violation and CPT invariance (see
Bernabeu's talk)

*The Kabir asymmetry K9 — K0 vs. K0 — K has been measured
in CPLEAR with non-vanishing value. But K — K" is a CPT-even
transition, so C'P = T  in this case !

*EPR correlations at a ¢-factory can be exploited to study other
transitions involving also “CP states” K, and K_

¢ -
1 T A RRY
i > = ? 1K) K®) — |K°)|K°)] Y ) t, | Attt
= WD) = IEOIED] 1 170 AL) = C(oem, 1) x P[K_(0) — K°(At)]
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Direct test of Time Reversal symmetry with neutral kaons

Reference T-conjugate
Transition Final state | Transition Final state

K - K_ (67+,7r07r07r0) K — KO (7‘,07‘,07‘,0’('—)

K, - K" (7799 ¢+)| K=K, (0, mm)
K’ — K., (e, ) K, —- K (a%%° ¢°)
K. — K (mm, (1) K" - K_ (0, 7m)

One can define the following ratios of probabilities:

Ri(At) = P[K’0) — K+(At): /P [Ki(0) — K(At)]
Ro(At) = P K“(()) K_(At)] /P [K_(0) — K" (At)]
Ry(At) = P[K’(0) — K+(At): /P [Ki(0) — K(At)]
Ry(At) = P[K0) = K_(At)] /P [K_(0) — K(At)

Any deviation from R;=1 constitutes a violation of T-symmetry
(study with J. Bernabeu, P. Villanueva: in preparation)
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Direct test of Time Reversal symmetry at KLOE-2
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measurement of R, ,# 1 in the region At>>tg feasible at KLOE-2 with L=0(10 fb-1)
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Direct test of Time Reversal symmetry at KLOE-2

toy MC with L=10 fb"
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Conclusions

*KLOE-2 physics program described in EPJC 68 (2010) 619-681

*Several interesting topics related directly or indirectly to flavor physics
can be addressed by KLOE-2 at DA®NE, e.g.:
|V <l and CKM unitarity
*CP violation in the Kq sector
Light quark masses
*Neutral kaon interferometry (“standard” CP and CPT observables
and “non-standard” CPT violation and Lorentz symmetry breaking)
*Direct time reversal test

*DA®NE commissioning in progress
*KLOE detector fully operational
*KLOE-2 upgrades are being completed
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SPARE SLIDES
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Neutral kaons at a ¢-factory

Production of the vector meson ¢ ’\

in ¢"e” annihilations: N Ksi _

e —>¢ 03 ub = -

W=m,=1019.4 MeV K, 3

* BR(¢p — KK%) ~ 34% | \

« ~10% neutral kaon pairs per :

pb! produced in an i) = ﬁ[‘[{ "(p))K"(-p)) - K (p)) K 0(—13)>]

antisymmetric quantum state N

with J7 =17 - KK (-5)) - |k (P)K ()]
px = 110 MeV/c
Aq=6mm A =3.5m N = (e Y1elenf) - ege, ) =1

The detection of a kaon at large (small) times tags a K¢ (K,)
=> possibility to select a pure K¢ beam (unique at a ¢-factory, not
possible at fixed target experiments)
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K¢ and K, Tagging

K, tagged by K, interaction in EmC K, tagged by K; — n*n” vertex at IP
Efficiency ~ 30% (largely geometrical) Efficiency ~ 70% (mainly geometrical)
Ks angular resolution: ~ 1° (0.3° in ¢) K, angular resolution: ~ 1°

Ks momentum resolution: ~ 2 MeV K, momentum resolution: ~ 2 MeV
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Improving K, ¢ & K= lifetime: t, ¢,7,

x102 Preliminary result from L=1.1 fb!

6000 -

(.| T;=(50.56 +£0.14,,,, + 0.21

5000

4000

3000

2000

1000

syst)

P

kL — KS — TEOJ'EO

fit range: 8 — 26 ns
x2/dof = 50/54

20 x108 K, —n°n’nodecays
1.81% background -

<

10 15 20
t* (ns

i. 0.38% is expected with whole KLOE data
ii. 0.27% adding 5 fb™! from KLOE-2/step-0

iii. <0.2%. inserting QCALT improving photon
reconstruction & control of the systematics

A. Di Domenico

Systematic errors in KLOE are partially
statistical in nature: efficiencies are measured
with data control samples. Then also these
contributions to the total uncertainty decrease
with statistics

i. 0.1%is expected with KLOE + 5 fb™!
KLOE-2 /step-0

ii. X2 inserting Inner Tracker,allowing
detection of K*tracks closer to the IP,
improves accuracy of the decay
length technique

_"['J'S

0.03% is expected adding 5 fb-!
from KLOE-2/step-0 .
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n—=nn~n’ : evaluation of Q

f * : dispersive (Walker) [ anisovicha Leutwyler '96, Walker '98 |
} ’ 3 | dispersive (Kambor et al.) [kamboretal. 96
} *- | dispersive (Kampf et al.) (kampfeta. 1)
o xPT O( p4) [ Gasser&Leutwyler ‘85, Biinens&Ghorbani ‘07 |
[ xPT O(p®) 18Binensachorbani 07]

® no Dashen violation [ weincerg 777

I @ i with Dashen violation [ anant et a1 ‘04, KastneraNeufeid 08 |
f @ | lattice (FLAG average) [ Colangelo et al. "10 ]
: . i dispersive, matching
+0.68
22.747 &5

20 21 22 23 24
Q Recent work from G.Colangelo(ITP-Bern),S.Lanz (Lund), H.Leutwyler
(ITP-Bern), E.Passemar(IFIC-Valencia) makes use of dispersive

relations, effective to account for nw re-scattering in the final state
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n—n'wn’ : evaluation of Q
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L J XPT O( p6) [ Bijnens&Ghorbani 07 |
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] dispersive, matching
dispersive, fit

23 24

Recent work from G.Colangelo(ITP-Bern),S.Lanz (Lund), H.Leutwyler
(ITP-Bern), E.Passemar(IFIC-Valencia) makes use of dispersive

relations, effective to account for nxw re-scattering in the final state
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n—n'wn’ : evaluation of Q

—— one-loop xPT
—— KLOE

-~ dispersive (Wa 2 "X }
° | dispersive (Kai 1o}
——e— dispersive (Kai 1_0'_i N~
. XPT O(p4) [Ga -1.0 -05 0)? 05 1.0
. xPT O(p%) rzis —
25 _ ;ﬁsw e
e no Dashen vio = : o
with Dashen vi & _,
0.5
L i lattice (FLAG fe 10 0s o;? s 1o
21.31 ] dispersive, matching
dispersive, fit
N N T use of KLOE measurement of
20 23 24 Dalitz plot for n->n*xn®

Recent work from G.Colangelo(ITP-Bern),S.Lanz (Lund), H.Leutwyler
(ITP-Bern), E.Passemar(IFIC-Valencia) makes use of dispersive
relations, effective to account for i re-scattering in the final state
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Results for n—na’n’n’: evaluation of o

@ xPT ©(p%) [ GL 85, Bijnens&Gasser '02 ]
& : xPT O(ps) [ Biinens&Ghorbani 07 ]

Kambor et al. [ Kambor et al. "96 ]
Kampf etal. [ Kampfetal. "11]
NREFT [ Schneider etal. "11 ]

GAMS-2000 (1984) [ Alde et al. '84]
Crystal Barrel@LEAR (1998) [ Abele et al. '98 ]

J SND (2001) [ Achasov et al. '01 ]
WASA@CELSIUS (2007) [ Bashkanov et al. '07 ]
WASA@COSY (2008) [ Adolph et al. '09 ]

Crystal Ball@MAMI-B (2009) [ Unverzagt et al. '09 ]
Crystal Ball@MAMI-C (2009) [ Prakhov et al. '09 ]
KLOE (2010) [ Ambrosino et al. 10 ]

PDG average [ PDG "10 ]

|
I
;
I
I
I
I
I
| Crystal Ball@BNL (2001) [ Tippens et al. 01 ]
}
I
I
I
I
I
I
I
1
I
I
|

1 | L 1 | L
-0.06 -0.04 -0.02 0.00 0.02 0.04 0.06
Y
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Results for n—=n"7’n?: evaluation of o

® xPT O(p4) [ GL "85, Bijnens&Gasser '02 ]
* | xPT @(p®) [ Bijnens&Ghorbani '07 ]
Kambor et al. [ Kambor et al. "96 ]

Kampf etal. [ Kampfetal. "11]
NREFT [ Schneider et al. "11 ]

GAMS-2000 (1984) [ Alde etal. 84 ]

Crystal Ball@BNL (2001) [ Tippens et al. '01 ]

| SND (2001) [ Achasov et al. "01]
WASA@CELSIUS (2007) [ Bashkanov et al. '07 ]
WASA@COSY (2008) [ Adoiph et al. '09 ]
Crystal Ball@MAMI-B (2009) [ Unverzagt et al. '08 ]
Crystal Ball@MAMI-C (2009) [ Prakhov et al. '09 ]
KLOE (2010) [ Ambrosino et al. 10 ]
PDG average [ PDG "10 )

|—.—| dispersive, matching
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| 1 | 1 | L | \

|
I
}
I
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Results for n—=n"7’n?: evaluation of o

® xPT O(p4) [ GL "85, Bijnens&Gasser '02 ]
* | xPT @(p®) [ Bijnens&Ghorbani '07 ]
Kambor et al. [ Kambor et al. "96 ]

Kampf etal. [ Kampfetal. "11]

NREFT [ Schneider et al. "11 ]

GAMS-2000 (1984 [ Alde st al 841

: —— one-loop xPT :
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Interferometry at KLOE-2: ¢ =K(K, —=n*n” wtn”

Possible signal of decoherence I(rwtn™, o At) (a.u.)
concentrated at very small At

I(ﬂ:-'_ﬂ:_, ﬂ:+ﬂ:_;At) (a.u.) 0.12 — ffﬁ}%
2 0.1 — ﬂ?[

7}7 Black hist. :

0.08

o(At)~1tg => 6mm
_ ] (KLOE)
ot Red hist:
004 |- o(At)~1/4 Tg=> 1.5mm
[ (KLOE + inner tracker)

Q.02

Blue curve: ideal

|||1D D 11 1 11

At/ T]S I{deltat) At/ Tg
Theoretical distribution Reconstructed distribution (MC)

A. Di Domenico XL International Meeting on Fundamental Physics — Flavor mini-WS CSN1 — May 25th - 27th, 2012 — Benasque - Spain



Prospects for KLOE-2 at upgraded DA®NE

Para | Present best published KLOE-2 (IT) KLOE-2 (IT) KLOE-2 (IT)
m. measurement L=5 fb! L=10 fb! L=20 fb-!
Coo (0.1 £1.0) x 10-¢ + (.26 x 106 + (.18 x 106 +0.13 x 106
CsL (0.3 £1.9) x 102 + 0.49 x 102 + 0.35 x 102 + (.25 x 102
0.5 =28) x 0 GV | SR Gy SBER G| =25x107 Gev
+0.50 x 107? GeV | £0.35x10'° GeV | =0.25 x 10"° GeV
+ (.38 x 1021 GeV

(2.5 + 2.3) x 10° GeV

+ (.53 x 102! GeV

(1.1 = 2.5) x 102! GeV

compl. pos. hyp.
(0.7 £ 1.2) x 1021 GeV

+ (.75 x 102! GeV

compl. pos. hyp.
+ (.33 x 102! GeV

+ (.23 x 102! GeV

compl. pos. hyp.
+ (.16 x 102! GeV

+ (.35 x 10~

compl. pos. hyp.

+ (.49 x 10

(-1.6 = 2.6) x 10~

+ (.70 x 104

+ (.61 x 104 +0.43 x 104

Re(w)

(-1.7 = 3.4) x 104

+ (.86 x 104

+ (.26 x 107 GeV

Im(w)

[(0.4 = 1.8) x 10'7 GeV]

+ (.52 x 10-'7 GeV

+ 0.36 x 1017 GeV
+ 1.5 x 1013 GeV + 1.1 x 1013 GeV
B

Aa,

[(2.4 £ 9.7) x 1018 GeV]

+2.2 x 1013 GeV

s
A VX /?rﬁ’?fﬁff//ﬁf ﬁf//’j’*

e
R e e e g
o, S O A0 0§ T G 8 Bt Vi d v
y e

R

2 0,3 Ly
A,

Aa,

e,
e v s %, .
R R N
B A A,

[<10-2! GeV]

- i
o

AaX’Y

[....] = preliminary
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