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Kaon physics

K lifetime
K" — a'n'n~
K — w07

Kg — mev

KK, —=n'nna”

K regeneration
KK, -t alnl

KsK| —na~nly

Progress since last SC meeting
EPJC71(2011)1604

In progress / advanced stage

update with the whole statistics / advanced stage
update in progress

In progress

In progress

In progress

In progress
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BR(K*—#a*n n(y))

Measurement of the absolute BR, to complete the program of precise
measurement of the dominant K* decay channels

The amplitude enters the cusp analysis of K¥ — a*a’xC to extract the
nn phase shift done by NA48

Previous measurement : T
Chiang (‘72) (2330 evts) BR = (5.56 = 0.20)%

ABR/BR=3.6x102 / /

[PDG fit : BR = (5.59 & 0.04) %] | 2 £\ ot |
Signal selection: J-"/‘—“\ /\—
— tag with K — pv, 7w’ "
— 2 tracks with vertex along the K path \ /_,//

before the DC walll e SN
— K path from the extrapolation of the tag K to I.P.
— signal peak in the missing mass distribution (3" pion)
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BR(K*—n*n*n(y))

K— ‘ot
I K—nand

« Analyzed sample: 174 pb-! 104 (o
- Efficiency evaluated by MC and corrected -

from data-MC comparison

_ ckine i MC [edata )= e e Y
€sel = €7 el (K+ > 3[3) X (E sel/ € sel) - \}250- 0. 10. 20 30 masszmiﬁME\‘z}
= 0.068502 + 0.000296 ok Me
S e R
lﬂsé ; i i ; ; ; : i N
102?—:.:"“1—*
L =174 pbt 2
1 ; | | [y T 1T 1711 11177 I 'I"i"1"["['T"i"1 B i - 3
_50. 0. 10. 20. 30. masszr:i];:][Mevzl

: i o » Signal extraction from fit to m?_;, spectrum with
i, signal and bckg shapes from MC
 tag triggering yv = ABR/BR <1 % (stat.)

10

« Systematics under evaluation

10

[mass .2 bin = 2000 MeV?
s b b by by Lo by by a s by s s Ll
- 50. 0. 10. 20. 30. x10°

mass? ., (Mev?)
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K< — 3a° - direct search

CP violating decay; SM expect. I'(K—3n%) = T'(K, =37°) [ngel? = BR~ 2x10-°

Tag by K, interactions (K, crash) inthe EmC
= look for events with 6 prompt y W o
Background: 40k
— K¢—>2n° + 2 split/accidental clusters (dominant) C : Ty .
— fake K, crashes or . N
Old KLOE analysis [PLB619(2005)61]: 0 L

2 4 6 & X
450 pb! = BR(K<—>319)< 1.2 X 10-" @ 90% CL

fg 70000 — Accidental
Update with the whole statistics ( 2.0 fb'1): " a0ooo — Splitting
— fake K| crashes rejected by hardening :zz
the B"(K,) cut 20000
— splitting reduced by requiring a minimum 20000

10000

D -

distance between clusters R, > 65 cm
0 50 100 150 200 250 300 350
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entries
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Ks — 3a° - direct search

2Splitting
2 Accidental
All MC events

T . after MC correction
[ for splitting/accidental
probabilities from data =

8y
entries

TE, (MeV)

Good agreement data-MC

3000 |-

2500

2000

1500

1000

500

0
0 100 200 300 400 500 600 700 800 900

SE, (MeV)

After the analysis cut optimization = 0.3 bckg events expected from
MC in the signal box

Evaluation of systematics in progress
New MC generation needed ( x 5 stat.)
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T om—an T an—
Ks K, —=a'n n'™n
« Standard Model Extension [Kostelecky et al., PRD61(1999)016002,PRD64(2001)076001]
= possibility of violation of CPT and Lorentz symmetry

T
€g =€=x0
o | B c0s0<0 Mg T
d(Ppr,t) = isinpgwe P Wk (Aag — Bk - Ad)/Am ... ;.Lfle ___________

(analysis vs polar angle 6 and sidereal time t)

100

«  With L=1fb? (preliminary): o0
Aax = (—6.34+6.0) x 107'® GeV .,
Aay = (2.8+5.9) x 107% GeV “ BT
Aay = (2.44+9.7) x 1071® GeV
KTeV :Aa,, Aa,< 9.2 x 1022GeV @ 90% CL ~ °

BABAR AaB,, , (Aa%,—0.30 Aa®,)~O(103GeV) 1
[PRL100(2008)131802] 11 075-.-7\‘..l...l...l...\.‘.l...\‘..l..‘l‘..l




Perspectives: new method &g
refined technigques

€0s6<0 c0s06>0

i -

Possible effects due to Aa, (~y,) are washed
out in the old approach: forward (cos6>0) -
backward (cos0<0) analysis.

New method exploiting the quadrant (cos6>0
cos¢>0) -(cos0<0 cos¢<0) analysis is under

c0s6<0 c0s06>0 / way.

Before

1 OLD After
j GlobalFit

10

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

10 ¢

107
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K¢ regeneration

00

e Data
450 — = KKg— i
« The Kq regeneration in the beam ; = Ky inc. regeneration

pipe is a source of systematic error for the
measurement of K¢ K, »n*a n*n~

Drift Chamber (DC)

s «t  [PLB642(2006)315]
Beam Pipe (1) .S’b cle
t4.4 cm . At/’l:S
ot
e O 16000 MC events | womw |
regen. data
1o CPV 12000 [
R Kll3 10000 .
Data sample: 1.7 fb'l= = ] IL o IL__‘___
tor— et 2000 2000 |}
Tt events T :
P.Gauzzi W2LNFSC-6fe201 ~ T T T T s mmmERE e

p = V(x>+y?) (cm)



P.Gauzzi

Hadronic physics

Progress since last SC meeting

n — a’n'nC PLB694(2010)16

N — e*eete” final result submitted to PLB
n—o Ay In progress

vy — N — atn in progress

vy — N — nla’xn0 in progress

vy — n° in progress

C,.4. Large angle analysis PLB700(2011)102

Chag- Y/ PPy preliminary result almost ready
¢ — ne‘e , n — ataal preliminary result almost ready
¢ — nete”,n—yy In progress

efe"—u u + missing energy in progress
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n—eTeete-

- Theoretical predictions: BR ~ 2.4 — 2.6 x10® 2
K P(;)=0.12
+ BR < 6.9x10° @90%C.L. (CMD-2, 2001) Q-\(s‘- |
BR < 9.7x10° @90%C.L. (WASA, 2008) |
(2 evts, with 1.3 bckg)

200

« L= 1.7 fb-!(same data set analyzed for

n—*mete~ [PLB675(2009)283]) 100:- M Wﬁ#
| | i

« MC simulation according to b T

Bijnens and Persson [hep-ph/0106130] - cece = ~

...........................
0480 500 520 540 560 580 600 620

(MeV)

eeee

* Fit with signal + background from
continuum (e*e—e*e~y with y conversion)

BR(n—ete ete (7)) = (24402440 £ 0.155) x 1077

submitted to PLB [arXiv:1105.6067]
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N T Ty

n—>ntny : study of the box anomaly vs resonant contribution
- M__ distribution needed

« Existing measurements not sufficient “7 ™
for unambiguous interpretation y/ﬁ s -
[Benayoun et al., EPJC31, 525 (2003)] n/n’ n/m'

VMD T CT Y

 CLEO result (2007) is

2 — 3 o lower than previous I'(n—n'my) /T (n—>ntan’)
measurements value events author year
| 0.203 £ 0.008 PDG average
» 0.175+0.007 £0.006 859 Lopez 2007
0.209 £ 0.004 18k Thaler 1973
0.201 £ 0.006 7250 Gormley 1970
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NOTTY o

Fitto E-P spectrum | Composition
—s— Exp. data

—— ¢ — nén-n0

« ¢—ny, N>y L =558 pbt * Sy e

- Normalization to n>w*nn° U -

« Main background: ¢—n*r

« Signal € =21 % (from MC)

« Signal extraction from fit to E,i.c-Prmics
~ 205 X 103 signal events

« Systematics under evaluation

=

 First attempt to fit the M__ distribution
after bckg subtraction (smearing not taken
Into account) g

* Next: fit with the theoretical function from 4000}
Benayoun et al., EPJC31, 525 (2003) 3000]

g
Iclll

dI'/dMn=nx

« KLOE-2: n'-»=n*ny =10° events expected o00]
=> more sensitive to box anomaly g
P.Gauzzi 42 LNF S.C. - 6/6/2011
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vy physics

_ % o _ FRTEal & Vs = 1.4 GeV
e'e” >e'eyy —»ee X ¢ X Vs =12 GeV
2 : Vs = 1.02 GeV
[C(9 =+1] i
!
dN dF z E
me=umaﬁ;dm~+m I
10 |

« X = %% = search for o(600)

W, (McV)

e X=7%n
— T'(X->>yy)
— Transition form factors Fy,..«(d;%,d,°)
(input for the calculation of the Light-by-Light contribution to (g-2),, )

« KLOE: no et tagging = \s = 1 GeV
e KLOE-2:\s= M, = Tagger Is essential to reduce the background from the

¢ and to close the kinematics
P.Gauzzi 42 LNF S.C. - 6/6/2011 14



YN, N T

+ KLOE: 240 pb off-peak (\s = 1 GeV) ] signal
« Sample: 2y + 2 tracks with opposite charge “
« Main bckg: ete=— ny >ty ol
(with the recoil photon lost in the beam pipe) sl
€ Ll
Signal 1 0.196
7Y 9.1 x 1073
w? 6.5 x 107°

7t 70 1.5x 1077
KTK~ 19x107°
KgKp 2.0 x 10_5
ete y O(10™7)

= 1576 events after the selection
« Fit to n longitudinal momentum (p, ) and
missing mass (M)

= 650 signal events from fit aln g
P.Gauzzi 42 LNF S.C. - 6/6/2011 ® o151 -0 o"'mu st jﬁm




yy—n, n—=>r'n’rn’

Events with 6 prompt photons and no tracks
Background: e*e— ny =>n’rn’nly

(with the recoil photon lost in the beam pipe)
Cut on the most energetic photon ( < 260 MeV)

E,,(MeV)
e
:

350 -

¥

0o -

and on the ¢ of the kinematic fit veol
Rw{ Z[I{I'_- B

140 ﬁgT-wﬂL v g /d.0.f.=56.9/46 ! \\\SE]ECted I
120 i 1[ ' S0 events

_ R T TR T T TR TR TR T
100 | rMC ny
-l * Fit of the missing mass distribution:
ot »{ = 921 signal events
“f > = 1760 e*e"— 1y events =)
|

o(ete > ny »>nnlnly, 1 GeV)=

%.15 01 .05

P.Gauzzi

=_= | P - = =
005 01 015 02 025 03 035

I\/Izmiss (GEVZ)
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= (0.285 £0.005,,) nb

16
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c(e'e—> ny) @1 GeV

ete > ny ->n'mnly: 3 photons + 2 tracks
pion ID, kinematic cuts to suppress background from kaons
= o(ete"> ny > nly, 1 GeV) = (0.198+0.002,,) nb

o(e*e— 1y, 1 GeV)= (0.866+0.009,,,,) nb

=
=

In agreement with the result from

N > nOn’n’

o(e*e™> Ny, 1 GeV)=(0.875%0.009,;,,) nb

Systematics under evaluation

P.Gauzzi

42 LNF S.C. -

as [ A n = mtoae, SND*

3| ¥ 0> n°n°n°, SND* {

25| . 1 = mtrme, KLOE

3__ *Phys.Rev.D76,077101(2007)

s | +
1] pRY
- N
05| i1
S ' }
BWso 960 970 980 990 1000 1010 1020

E (MeV)
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8090 events after
ete—— ete~ wonf selections

4 prompt photons %E“ :

240 pb! off-peak (Vs = 1 GeV) S 00
Excess of events with respect to gm i
background in the low mass region S

vy—>7°r® cross-section evaluation

In progress 150
a ® 3 ainio (1994 100 -
\-8/ 18 ‘ W_)nono ai;aigg(éOOS)) -
6_\ 16 _ - g'eﬁhi-nsgft:no(?ggztz) 50
a 14 o thi-nsg"t:nz(%;a [
g); 12;— : +++ P =
o “EIIII' I .l 111] I 4iM) SiM) M) TiH) B M) LM
8 10 [ M4’ﬁ' (MCV}
© 4y invariant mass distribution
j KLOE-2: O(10 fbt)at Vs = M, with e* tagging
2b /L bt (1900 arery ez = 2% statistical accuracy using the same energy

: 360' T Tsw e0 700800 bln as CI’ySta| Ba.“ (~20% errOI’)
W, (MeV)

10



c(ete~—>mta~) with ISR

« Large Angle analysis published: PLB700(2011)102 40; ;iEi \ E?S £l e o
S \_ f +  KLOE10
3:’) :_ 056 058 06 062 0.:3:: I
a,7(0.1— 0.85 GeV2)=(478.5 £ 2.0, 4.8, £2.9,0)x1010 | ¢ |F|2 i;
2 J 3
KLOEOS8-KLOE10 fractional difference 20b ). \
0.1F o (IF - IF L )/F o /
005k 4 +++“*+ TS (Grey band = L.A. error) "} /
! 10F o‘: %
0 i W ) — ,a"";e q%&%9
-0.05 :. (stat. + syst. eIr.) 0 . f?‘.é.”.*‘lw" [T R SQ . |(. ;elv-)
| bl . ( [}l;w) [GeV” I 0.0 02 03 04 05 0.6 0.7 0.8 0.
03 04 05 06 07 08 09 R LL L L
« Combined Small Angle (KLOEOQ0S8) and HMNT (06) ——
Large Angle (KLOEL10) : O T
Davier et al, T (10) | |—d—| |
a,™(0.1— 0.95 GeV?)=(488.6 £ 5.0) x 1010 Davieretal e (10] |~ |
- Js (11) Lo
include KLOEO8 and | ;17 (10) e
KLOE10 results HLMNT (1) S
- - --- experiment - -
3.3 o discrepancy a,°M - a P confirmed BNL T T R
BNL (new from shift in ) n———|
b Gauzzi e e

[Hagiwara et al., arXiv:1105.3149] @ x 10"~ 11659000 19



Pion FF from oty / ppy

»  |F,? from the ratio o(e*e>n*ny )/o(e'e—>ptuy) at Vs = M,

A1+2m /)8, (do gy fds

)ISR+FSR

- ppy

1 2 1
Fu (s (L4 m(8Y) = 3 ISR °
t Pa (d"ﬂ#?/ ds’)
o Corr. due to FSR ol 1 cross sections . 4
|.) a, disp. integral " [T)cata
- : Y, MHY
« Many factors cancel in the ratio: wH i [ o TR
— radl_ator_ function v [MeV]
— luminosity from Bhabhas ,, -
- - : y 1 143Mioevents ol T N A
— vacuum polarization § | Fions; | " '§  Muons  0FMeewers
: S I
* Preliminary result will be 800 colar 0000 -
released soon sonl- -
= we plan to show it ol |
- ! ' 20000 -
at HEP EPS 2011 in Grenoble |
P.Gauzzi ol s e e s LSRR ot

s, [GeV®

s, [GeV?|



Search for dark forces

« Recent astrophysical observations (PAMELA, ATIC, INTEGRAL,
DAMA/LIBRA) can be interpreted by assuming the existence of a dark
sector that interacts with SM particles through a mixing of a new gauge
boson, U with O(1 GeV) mass, with the photon

[Arkani-Hamed et al. PRLD79(2009),

€ U 015014
ﬁ Essig et al., PRD80(2009)015003]
e X g

« |If the mixing parameter ¢ ~ 103 - 10* = could be observable at KLOE

« Possible signatures:
— ete > Uy—>L*8y= e*e"— puuy under evaluation
— rare meson decays, ¢— U, U— £~ ; ¢o>nete nonnn®/n—yy
— if there is a dark higgs particle (h') , with m;, < M,
= higgs’-strahlung e*e——U*—Uh', with U—>£+€~ (two leptons + missing
energy, h' undetected)

P.Gauzzi 42 LNF S.C. - 6/6/2011 21



¢—onete, no>ntnn’

Analysis performed on 739 pb-1

4 tracks in a cylinder around IP + 2 prompt y

Main bckg: Dalitz decays ¢—mnete-
Best wtyy match to the m mass

~7000 ¢—ne*e~ with n—rtnn® candidates
Very small contamination from ¢—ny events

101
101
10%

10

v2/ndf = 1.4%

4.6% error on FF slope
[SNDO1: b, = (3.8+1.8)
GeV]

20000

15000

10000

5000

0% 200 400 600 800 1000

535 <M

miss

(ee) < 560 MeV M, ;. (ce) (MeV)

» Extract form factor slope from fit to M,

|

F(qz) = 1 — QEXAZ

|

|

o by by by by b b Ly I W
S0 100 150 200 250 300 350 400 450 500

M, (MeV)

{ b =dF/dq”|,_,

—2 e 2 ~ F_z
boy = Ay, = 1/my ~ 1 GeV
[Landsberg, Phys.Rept.128(1985)301]
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0.04 ¢

0.03
0.02
0.01

0

Exclusion plot for ¢

¢—nU MC sample [Reece-Wang, JHEP0907:051 (2009)] divided in
sub-samples of 1 MeV in M_,(true)
Expected background (¢—mne*e-) shape from our fit to M., distribution

repeated each time excluding the 5 bins around the selected one

For each M_.(true) bin, signal hypothesis
excluded @ 95% C.L. using the CLg method

U.L. on g ~3x10-3
5 for 25<M_,<425 MeV .
3 ~
Lo v v e v vy v v s bvv s bvv v bev v s by v by wa
0 50 100 150 200 250 300 350 400 450 500

M_, (MeV)

Can be combined with ¢—nU with n—yy

P.Gauzzi 42 LNF S.C. - 6/6/2011

oo

107°F

107°

a/o = g2

BaBar
e s

[MAMI-AL, arXiv:1101:4001]

|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II
100 200 300 _ 400 500

m,, (MeV) =




Conclusions

« Achievements in 2010 — first half of 2011:
— 3 published papers
— 1 paper submitted to PLB

— 4 analyses in well advanced stage (preliminary results almost
ready)

— many analyses in progress

Planned analyses

K, lifetime preliminary (2009)

FF from K, update

K* lifetime update

K% update

n— ntn update with the whole statistics starting /PHD student from Uppsala
N’ — nan update with the whole statistics starting / Post doc from Uppsala

n — nlyy preliminary (2008) -- no data available now



Spares

P.Gauzzi 42 LNF S.C. - 6/6/2011
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K¢ regeneration

« EXxperimental and theoretical cross-section

Regeneration cross section (mbarn)

100

ﬁ-mmﬁlg\a
= = = = (=]

K; momentum at KLOE: 110MeV/c
% Baldini-Michetti &

& CMD2 \ theoretical evaluations by R.
Baldini and A. Michetti (‘96):

‘+ B \ 6B =40.7+1.1 mbarn
} \ Novosibirsk CMD-2 result (‘99) -
‘ + - only existing measurement

at this momentum value:

J( o =55.1+7.7 mbarn

* S. Bocchetta analysis ((06):

oP¢ =602+ 0.8 + 6.0 mb

PR ST T T N TN S S U N T SO TN [ TN T N WA TN WA AN T AN T MR reg

5 10 15 20 25 30 35 40 B B
P t pesostomico (4) Oy =59.6£0.6" £6.0 mb

reg

He Be C Al o3¢ = . 2« still missing for KLOE

reg




The distribution of the decay time difference between

the kaons is sensitive to both Re(g'/€) and Im(&'/g)

L =1.45fb!; 1 charged vertex + 4 neutral clusters E
Bckg: e'e” — on® — ntn na’ =
First look to the data

Work in progress to refine analysis technique and
Improve the vertex resolution

1000

800 |

events

200 k

600 |

400 |

0 _

'DATA

........................................

-10 -75 -5 -25 0 25 5 7.5 10

P.Gauzzi B

AT [tg]

efore on® rejection

events

250

200 ;
150 ;
100 ;
50 ;

0L

0.25 F
0.15 F

0.05 |

03Ff
02}
01Ff

ol

-10-8 6 -4 -2 0 2 4 6 8 10

At [tg]

r DATA

........................................

-10 -75 -5 25 0 25 5 75 10
AT [1g]

s INFsc.-e6201  After on® rejection
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Box anomaly

« HLS model: S , -
[Benayoun et al., EPJC31, 525 (2003)] n/n’ n/m

VMD cT Y

Arbitrary Units

- T]'—)TC+TC_'Y: Shape iS distorted 0.3 :—0} —n':\:lc C{c—ntcTct Term
S W n" Con act Term
by the contact term o2
0.1
DD.-Ql I lDI..S 041I -ID.5I I IG.BI ] IO.?] ] ]0.8] I 0!9l = ; = I1|.1I I II.Z
Mgy GeV/ &2
] 0.8 :_ﬁ\rbitrorv Units
— non*ny: M, shape slightly os £ ¥ T 7o Contact Term
sensitive to contact term; o4 F
effect on absolute value 0 T e e e e o o
m,, Gev/c’
0.8 Arbitrary Units
c} ) — n No Contact Term
0.6 - """" 1 Contoct Term rescaled
0.4 -
0.2 F
P.Gauzzi 42LNFS.C.- o bl b o oo b b
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n—>n’n’xn’

« n—onnn decay = Isospin violation L, = —%(mu ~m, )uu—dd)

5004

« Symmetric Dalitz plot: o3 . «Data

0.03—

Afcl+2aZ = onlyone parameter i —MC

2 0.02]—
il _ p2 0.015;
= Z[ —3M J a prznax n.oé

(p = distance from the Dalitz plot center) R R T ——

. 450 pb'l - prompt phOtOﬂS 3 f o o
= 6.5 x10° events

a =—-0.0301+0.0035""022
= PLB694(2010)16

Strong interactions mix the two ha
amplitudes Am—n*rn°) and Am—r’nlal): *
from the Dalitz plot of n>n*rn—n°

= a=-0.038+0.003");

[JHEP0805(2008)006]

o

o

O
°

Crystal Ball@BNL
WASA@CELSIUS| |

KLOEO7

WASA@COSY

Crystal Ball@MAMI-B

Crystal Ball@MAMI-C

KLOEO09

Tree

One loop

NNLO

Dispersive

Abs Dispersive

UChpt



n—ntnnd

* n—>nnn decay = Isospin violation L, = —%(mu —m,)(Tu-dd)
¢ony; no'T R’ =t + 3y (B, = 363 MeV) E.-E. E,—m,
450 pbt = 1.34 x 108 events in the Dalitz plot X= \@T Y = BT

(Q=m,-2m . -m,)
|JACX,Y)|? = 1+aY+bY2+cX+dX?+e XY +fY?3

10000

a -1.090 + 0.005 * %%% | 1
b 0.124 + 0.006 + 0.010 5000
c 0.002 + 0.003 + 0.001
d 0.057 + 0.006 * %97 0.016 0
e -0.006 + 0.007 * %% 03
i 0.14 + 0.01 + 0.02 * ¢, e compatible with zero (C violation)
P 73% « fit without cubic term (fY3) = P(y?) ~ 10

[JHEP0805(2008)006] 42 LNF S.C. - 6/6/2011 30



+ 0
N—o>T T T
« Asymmetries < C violation

'L Left-right asymmetry(c, e parameters) A . =(9+10%)x10™"

Quadrant asymmetry: £'in Al =2 Ao =(-5£107;)x10™

k Sextant asymmetry: /Z( inAl=1 A, =(8+10")x10™*
A, =(9+17)x10™
PDG’06 = Ao =(-17£17)x10"
A, =(18+16)x10™"

4

 All asymmetries compatible with zero at 10-° level

P.Gauzzi 42 LNF S.C. - 6/6/2011 [JHEPOBOS(ZOOS)OOG] 31



yPT: O(p?) <« Q=0;
O(p*) @ tree level =

n—->nyy

= O(p®) test

< 8.4 x10*@90% C.L.
(22.5+ 4.6 +£1.7)x105 Crystal Bal@ MAMI-B [arXiv:0910.1331]
(22.1+ 2.4 +4.7)x10 Crystal Ball@AGS [PRC78(2008)015206]

KLOE = ¢—ny; n=>nly
Backg.: (1) 5y processes: ¢—a,y, fqy;

ete o on’ (0—nly)

(2) d—>ny; no>nn°

. L ~450pb

= Br(n—nlyy) =

« 15fb?

P.Gauzzi

=

(84 27+ 14) x 105

42 LNF S.C. - 6/6/2011

0; O(p*) @ 1 loop suppressed by G-parity

Recent measurements = Br(n—nlyy): (7.2£1.4)x104  GAMS (1984)

SND (2001)
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yy—=n, n=>ntn o’

Analysis based on M?_..., P,, Pt

M;Nm;_zgﬂ/;%?\/;
T

E = \pi+M! =M,

P.Gauzzi
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Yy—=n, n=>ntt T’

2 photons + 2 tracks with opposite charge

- Yy pairing - Charged Pion ID
- Kinematie fit: cut on X

2
Zpazr - [ ] 2
o(M,) mm) k ko pk
z Z +> AC(R ..Fy)
o(M,) 1 [ 5 o OF J
M, 2\E m?y, = mzno :
M fy _2E, Ej (1—cos ‘9;;,-) mzﬂm_ = m2 S variables x 2y
m 1 4 constraints
t-lr,1/ec=0 for 2y
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o(e'e™— ny) @1 GeV

ete > ny > ndy:

« 3 photons + 2 tracks
« Pion ID

- kinematic cuts to suppress background from kaon decays

ete — ny — ntan
PRI ' —> 7 —> 'y |

|  re/d.of=178/169 2500
A " ete’ —> onl>nrnnon®

2000 |- "1 ete —> oy 2 nrnnly
2500 |-

1500 |- AN ARY

PREL‘ N

1000 |-

pol.o T W T I-|.,.;_-.!...:_.!!“"'-:_:—.-."—::"

-.‘.-.-_;._.J_.n..'lJ.l-l—_ 4
%ﬂ 550 600 650 T00 7S50 B00 850 9200 950
Ey (MeV) Mnrrnn? MeV)

P.Gauzzi G(e+e_—) ny —)TE+TC_TCO'Y 1 GEV) = (OlgSiOOOZStat) nb 35



ete — e*e~ nonf

4 prompt photons

240 pb! off-peak (Vs = 1 GeV)
Best photon pairing to match
two nt¥’s

o 25 50 s 100 125 150 175 200 228 250

Myy (MeV)
\1'2 2 ; 250 ¢
xi _ Mr:f_mnﬂ + My —mg, 2 :’: 3 »
pair — | 1 o s T - . 2 2O F
o(E.E))) \o(E.E,) e
, = =i .
U(E,-sEj) _l C’r,rgE @UEJ . 100 —
M B 21 F E BE 5 10
ij i i s F .
j \ j i § aftery _2<4
M§=2EI.Ej(l—cosﬂlj) 0 g RS T e T e i me w2 s !

Myy (MeV)
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normalization coherent among the 3

yy—>7rr’

Flux function

i . LLA BKT M, shape
: + full BKT BW shape folded with yy flux function
« full BGM _
10t = 2T m, = 478 MeV, I, = 324 MeV
5 50.175— = R PO
= 015+ m, = 513 MeV, I, = 335 MeV
£0.125 ‘ p—
' 2 01F |
10 30.075 [
: = 0.05 - [(yy) = 1 keV
0.025 [ N
%00 300 400 500 600 700 800 900 1000
107 5% W (MeV)
300 300 400 300 600 700 300 900 1000
WW(MeV)

» LLA BKT = Brodsky-Kinoshita-Terazawa in the Leading Logarithm Approximation
« full BKT = Brodsky-Kinoshita-Terazawa with no approximation
» full BGM = Bonneau-Gourdin-Martin (stessa funzione usata da Crystal Ball)
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vy—>single pseudoscalar

« Measurement of I'(P—yy)
- Transition form factors Fp,.,«(d;°,0,°):

— input for the calculation of the Light-by-Light
contribution to g-2 of the muon

0.35 * _)ﬂ;O ~0.35
[ - r
3 : Ty B gl |
g 0.3 | €ELLe = 03[ --CERLD
—_— L r— o 1
s - + cLEo // o ; * CLEI gy
9025 L i I/ =025 - * CI.ECI b Jore
= 025 0 e s . B 7
o - oy - @ CLED 5 = a® T
SAF P : ’fﬁ } 021 FHTH
L HH ;
- j_.——’t—— 0.15 - ~LL —
0.15 | ) e A
L /%}/i Tl J_
7 0.1 g
0.1 ﬁ, Iy/ L
,7‘ P
L AL 0.05
0.05 ;/// A
0 = 010 1 1 10
- 2 2
10 10 0 (GeVY) Q° (GeV?)
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o(ete~—hadr.) below 1 Ge

 ~3odiscrepancy between a >M-a,*® [a =(g,-2)/2]
« a,M=q QP + g weak + @ » main contribution to the
uncertainty on a >V

ahedLo _ 1/ (4n*)[ " o(e’e” —>hadr)K(s)ds ; K(s)~1/s

* o(efe—hadr.) below 1 GeV is dominated by ete~—n*n-
. ¢ - factory: fixed Vs = Initial State Radiation method

e

M s . do(et e d—;ﬂ""ﬂ"+ 7 o(e* & — 77 H(S, S.)
o /4

» Two different analyses: (1) photon emitted at Small Angle (S.A. analysis)
[PLB606(2005)12, PLB670(2009)285]
(2) photon emitted at Large Angle (L.A. analysis)

P.Gauzzi 42 LNF S.C. - 6/6/2011 [PLB700(2011)102]




L.A. analysis

« 2 pions at large angle (9>50°)

« Photon detected at large angle (9>50°)

« Kinematics closed

« Threshold region accessible

» Lower statistics

« Larger contribution from FSR
Larger background from ¢—>n*n—n°
Irreducible background from ¢—fyy—>n*ny

s

N
R
.\-\

Vi

Use data collected at Vs = 1 GeV, below the ¢ peak:
233 pb! from 2006 data-taking
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Result on L.A. analysis

« Good agreement between S.A. (KLOEO08)

and L.A. (KLOEOQ9) analyses PE =t
0F  w) O B skoeos
a,™(0.1— 0.85 GeV*)=(478.5 £ 2.04, 4.8, +2.9105) X |f "L S % - KLOE09
: 056 058 06 062 0.64 4
-10 30E , I
i L
- Agreement with CMD-2 and SND, some difference /
with BaBar 15F 7
. i SM _ 4 exp ' 3 4 \
3.2 ¢ discrepancy a,, a,”® confirmed 10 N
« In progress: measurement of the o(e*e~—>n*n") U r*::*';“TT‘."."fT. 0 (GeVD)
from the ratio n*n~y / p*u~y (radiator function, 01 02 03 04 05 0.6 0.7 0.8 0
: L L (Grey band = L.A. error)
int. luminosity and vacuum polarization cancel) 15 R om0 IF o on

075

KLOE-2: 0% Hrw* i
8o ~ 0.4% for \s <1 GeV with ISR @ 1 GeV, 2 fb- w"%s o groew |

(stat. + syst. err) (Mm) [GeV j

0o ~ 2% for 1<'\/S < 2 GeV with energy scan 0103 ~od 05 06 07 08 09
(if DA®NE energy — 2 — 2.5 GeV)
P.Gauzzi 42 LNF S.C. - 6/6/2011
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Result on L.A. analysis

Table of systematic errors on a,™(0.1-0.85 GeV?):

2 03
0. 6= "2 L= (s f

Reconstruction Filter <0.1%
S0¢ . Background 0.5%
% | = KLOE 2009 P Matt
4oL+ (stat. error) / Omega 0.2%
- mm (stat. + syst. error) ! Trackmass 0.5%
Bt [ w/e-1D and TCA <0.1%
W0 [\ Tracking 0.3%
25 _ :' \ Trigger 0.2%
' Acceptance 0.4%
Hr '_ Unfolding negligible
15F - Software Trigger 0.1%
mé_ ' . (I)_.gz:)r})%sity(o.lthGB 0.3%
5F e h EXPermentar fracaonat error ona_.™ = 1.0 90
o b e WI'“TTIZ[GIEVQ] L FSR resummation O.St;A)
¢1 02 03 04 05 06 07 08 09 Radiator H 0.5%
Vacuum polarization <0.1%
theoretical fractional error on a,* = 0.6 %
poazzi | @,7(0.1— 0.85 GeV2) = (478.5 £ 2.0,,+4.8,,s £2.9;0,) X 1020 "




KLOE vs CMD-2 / SND

S0
™ 0.3 E > 2
435 = *#ﬁ 025= I (IF lLMD sap - IF lKLUl:.IJ')) NE Iiokm
400 f } e KLOE09 0.1F b
F | 4 CMD 0E-- ' ---
350 ' 1« sND 0.1E * SND
: ;o ey s CMD-2
0} ;o 03 ey, M [GEV]
»sth J Y 01 02 03 04 05 06 07 08 09
[ T % -
: ; ' i
20F ‘ . ] (Grey band = KLOE error)
15F i .
0F /A hY « Good agreement below the p peak
st *w‘/ A - Above the p peak KLOE slightly
x (Mo [GeV ] lower
0501702703 04 05 06 07 08 09
P.Gauzzi 42 LNF S.C. - 6/6/2011
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KLOE vs BaBar

%
- 250 o e —— T OV
[ 200} b . _ BaBar KLOE KLOE
£ L 150F - " \Op — Orn Orrr
1200 i :()::-’M”":‘;‘OQ ; + BaBar09 8? ' )/ 7
50 -K09 | ¢ - KLOE09 '
l()()() —_ "‘3 0.35 0.145 0.55 j 0.1
) ] 0.2
5 +
~ AL ¥ - | | i el | | I
300 | {08 03 04 05 06 07 08 09
|t~ ¢ , |
600 p+_ / \ (Grey band = KLOE error)
! ; 1
ol / \
400 ! J }
B 7 \ - Good agreement below 0.6 GeV
—_— o~ « Above 0.6 GeV BaBar higher by
200 | Mw
' 2—3%
0 ; 1‘*«‘: A ETI il :\1—‘1—7‘— r I(G()\l/)

03 04 05 06 0.7 08 09 1
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a,™™ for different expt.

a,/™(0.35-0.85GeV?):
KLOEOS8 (small angle) a,™ = (379.6 £ 0.4, %2.44 s £2.2,,,) - 10710

KLOEOQ9 (large angle) a,™ = (376.6 £ 0.95,E2.44,s £2.1;,,) - 10710

a,(0.152-0.270 GeV?):

KLOEO9 (large angle) a, ™ =(48.1+ 1.2, 1.2, +0.4,,,) - 101
CMD-2 a,™ = (46.2 + 1.0,#0.3,,; ) - 1010
a,(0.397-0.918 GeV?):
KLOEO8 (small angle) a,™ = (356.7 £ 0.4,,#3.1,,,) - 1010
CMD-2 a,™ = (361.5 + 1.7,,,#2.9, ) - 1010
SND a,™ = (361.0 £ 2.0, +4.7, ) - 1010
. BaBar a, ™ = (365.2 + 1.9,,,£1.9,,5) - 1020 .




c.q WIth energy scan

« The region 1- 2.5 GeV contributes 1.4
55% to 8a, and 40% to 8Aai,4 hadlo o

value

oo m
T

2

06, /6, (%)

5 2
Aoy (M3)

S

M B S i e e e 000%00,%,%0, -

SV ESES o » Published BaBar results

§ 1 , e oooooooooooooouou“Uﬁ0 S 89 fb-l (ISR)
5 1.6 1.8 2 2.2 24 . BaBar x 10

S 10 pa —_— o KLOE-2 energy scan: 20 pb-!/point
I mwmum;w st s @ L=10%cm?s?, _25 MeV bin
8 .. e = 1 year data-taking
1 1.2 14 16 18 2 22 24
s (GeV)

P.Gauzzi
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(‘0802

o 2 “electron” tracks (ToF) in a cylinder
around IP + 2 photon candidates

« Photons back-to-back in the n rest frame

-~

)

e

o :

- MC: Uee Signal
A 33 5 93 e .
cosb,

MC: ¢—re*e Dalitz

-1 0.5 0 0s 1
(‘0501

« Background from double radiative Bhabha events reduced by looking at the
angles between the tracks and the photons
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¢—ne’e”, n->yy

« M, spectrum after all cuts

Counts /{3 MeV)

P.Gauzzi

32000

-
&

1000

0

— -1
L, =1.71b
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f
"
| ‘-wmwwﬂ‘“m
L L | L | L L | L L | L L I
0 10O 200 300 400

M(e'e ) (MeV)
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Evidence for ¢—ne*e,

n—>yy, Dalitz decays
in the low M, region

Still some residual

background at high M,

MasSes
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ete- —=h'U

Signature: efe— £+£~ + missing energy (h' not detected)
e*e~ final state not selected by Event Classification = use pu-

Background processes
¢ — K'K-, KE5n*v
¢ — ntrad

ey, Ty

P.Gauzzi

} with vy lost

Most background comes from ¢

600
. Data, L=1.65 fb!

Mrecoil (MBV)

400 KK = oy

200

Ty

. By

LY

42 LNF S.C. - 6/6/2011
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ete- —=h'U

Signature: efe— £+£~ + missing energy (h' not detected)
e*e~ final state not selected by Event Classification = use pu-

Background processes
¢ — K'K-, KE5n*v

} with vy lost
ey, Ty

Most background comes from ¢
= strongly reduced by looking at
off-peak data
A long off-peak run (L = O(fb))
would be very useful
IT insertion should give major
benefits to the on/off-peak analysis

¢ — ntrad

600

Mrecoil (MGV)

400

200

' Data, L=0.2 fol @ Vs = 1 GeV

22.5

20
17.5
15
12.5
10
+ —_
urpy

II _7.5

lt‘I 5
— 2.5

Ty

II\IlII\IlII\I|II\I|II\Illl\I|II\I|II\I|IIII|II\\70

0 100 200 300 400 500 600 700 §00 900 1000
M, (MeV)

Plans to search for U—e+e- (different background and phase space)

with ad hoc streaming

42 LNF S.C. - 6/6/2011
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KLOE-2 physics program @

Goal: ~20 fb in the next 3 — 4 years to extend the KLLOE physics program at

DA®NE upgraded in luminosity

* vy physics

* Light meson spectroscopy

« Kaon physics

e Dark matter searches

« Hadronic cross section

F.Oodussi

G.Amelino-Camelia et al., EPJC68(2010)619

« Existence (and properties) of o(600)
e Study of I'(S/P—yy)
* P transition form factor

* Properties of scalar/vector mesons
 Rare n decays

* 1’ physics

 Test of CPT (and QM) in correlated kaon decays
» Test of CPT in Kg semileptonic decays

* Test of SM (CKM unitarity, lepton universality)
» Test of xPT (K4 decays)

* a,(Mz) and (g,,-2)

4Z LINF O.C. - 0/0/£ZUll 51



