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* Frascati ¢-factory: e*e” collider [cdt Integrated luminosity (pb)

Vs 1020 MeV=M, ; o..,~3.1 pb PO ob™ 2005: 1256 pbt
¢ peak n
T 2004: 734 pb!

* Best performance in 2005: s00 | 2002: 320 pb!
Ly = 1.4 x 102 cmls? [Ldt = 8.5 pb'/day
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* KLOE: 2.5 fb"' @ \/5=M¢ (= 8%10° ¢ produced)
+ 250 pb! off-peak @ Vs=1000 MeV 200 f
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* DA®DNE upgrade (2008): new interaction scheme;

large beam crossing angle + crabbed waist sextupoles R
e 2010: DA®NE commissioning for KLOE-2 start w0 |- N
several hardware failures = long shutdown — 1000 [ ot MJ y
« End 2011: commissioning resumed M .; Hf.(}g_":!'lf I
* Nov-Dec. 2012: 100 pb! collected with carbon target for § M.fi;wzﬂ ||i J
the study of deeply bound kaonic states (AMADEUS) &P l»"f’*# | RAB Optics
* Dec.2012-July 2013: shutdown for installation E 2000 - uﬁf&“” : f;ﬁéigg?i i‘fol);ARTA
of new detectors - Fi
g : ' oy i
. . 10000 |- i Hi¥ 1&'n"""""”'.‘“'"mN'” ;
 DA®NE operations restarted in July 2013 § E A
« KLOE-2 goal: collect ~ 5 fb! in the next 2 -3 years swo |t e e 12042007 Finuda best
[ h C68(2010) 619] Z;‘.q N Hl 06/08/2002 Kloe best
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Drift chamber:

* gas: 90% He-10% iC H,,
* Op/pr=0.4%

0,,~150 pm ; 0,~2 mm

~1 mm

\\W/vﬁa\\%/

.| COIL ‘

X

°O

vertex

Calorimeter (Pb-Sci.Fi.): .\

* 0p/E = 5.7% / V(E(GeV))
= 55 ps/V(E(GeV))®100 ps
* 98% of 4m

i
/
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6 m

Magnetic field: 0.52 T |
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T]—>J'E+J'E_J'l30 KE

1 . —
e n—mnn decay = Isospin violation £, = _E(m” -m,)(uu-dd)

I‘('q — 371') X Q_4 Determining Q gives constraints on
the light quark masses
where Q m2 —m? (m _ l(m N md)) [Leutwyler,Mod.Ph.Lett. A28(2013)1360014]
2 u

mm

* Previous KLOE analysis: ¢—ny with n—=n*nn’= n*n—+ 3y final state

L =450 pb-! = 1.34 x 10° events in the Dalitz plot £ _E
X =31+ =
IAX,Y)|? = 1+aY+b Y ?+cX+dX?+eX Y +HY3 1
-1.090 + 0.005 +0'008_0,019 - zmﬂ-:lz — mo)
0.124 = 0.006 = 0.010
0.002 + 0.003 = 0.001

0.057 = 0.006 " ™™, 016
-0.006 = 0.007 "™ _ 05
0.14 £ 0.01 £ 0.02

P(yY) 73%

[JHEP0805(2()()8)()O6] Excited QCD 2014 - Febr

Nl lale | a
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N—>T T T
* Dispersive analyses of n—3m: subtraction constants fixed from a fit to
KLOE measurements of n—mtmw '

Wl —me — e B N I i
- e ~ 20 i 5 102 — dispersiv, ft :
102 | S 10 ':._,v._-_, ::
0.94 p2, X
& Fit: n—=n*nn’ (i Check: n—3x’ !
.~1‘ol . -c;.s . ofo ' ofs . 170 10 -c;.s ' ofo . ofs BT i 05 0,‘? 0% 10
X Y
= Q = 21.3+ 0.6 [Colangelo et al. POS(EPS-HEP2011)304]
m, = (2.02 £ 0.14)MeV
and by using /. and m¢ from lattice QCD = mg = (4.91 £ 0.11)MeV
7. 30 ¢ - [Zdrahal NPB(Proc.Suppl)219(2011)]
~ S T \B\
mS’ —m m T
= R = = 37.7T 3.3 28 ¢
Mg — My,
26 +
[Kampf et al., PRD84(2011)114015]
m,, = (2.23 £0.14)MeV 241
mg = (4.63 £ 0.14)MeV N PR | |
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@ omnewan KL

« New analysis of the full KLOE data set to —_— (Mg -y -n"- ) |
reduce systematics: :05 e
| :)unr:l other bkg 1\
— L=1.7fb! = about 4 times larger than “% ==

previous analysis

— Improved MC simulation E 1,

e b ey e b by 1y %10
-250 -200 -150 -100 -50 0 50

2 2
)] M MeV?)

— Selection: at least 2 charged tracks and

3 prompt photons % Data
— Bhabha rejection by kinematics + TOF | 5w

sum other bkg //‘

— MM(¢pyn'n)-M_,| <15 MeV
— vy opening angle (7° rest frame) > 165°

— Signal efficiency = 37.6 %

[d [d —_— 0 )
— Background contamination = 0.96 % S D B S I i |

0(°)
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L@ n—>r e n: fit result

Dalitz plot slices in Y Dalitz plot slices in X
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P2 = 27%

Old analysis New analysis

a _1.090 + 0.005 + 0008 -1.103 £ 0.003

0.019
— Agreement with previous result
b 0.1419 £+ 0.0029

0-12420.006:510:010 — c and e consistent with zero

d 0.057 +0.006 *007  0.0725+0.0027 (C-violating parameters)
f 0.14 + 0.01 = 0.02 0.154 £+ 0.006 — Evaluation of systematics in progress
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Transition Form Factors KE

: M .
n°,n,n Information on the structure of mesons comes
()

* from their coupling to photons, described by the TFFs
Y

FP’Y’Y(qf’ qg)

Jao H{arXiv:1207.6556]

02 = YY*-M |

n-y I'r

\r—o—«

v — Py

time-like ¢
P — yy* — yHe” }

Y*v* — P => space-like @2
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Transition Form Factors KE

* a,P—q M= (31.25+8.54) x 10" = 3.7 o discrepancy la,= (g,-2)/2]
a, M= a P + q Wk + @ main contribution to the
uncertainty on a >

* An important part of a,"?is the
Light-by-Light scattering
(aMLbL=(11 .6£3.9)x101[Jegerlehner-Nyffeler P.Rep.477(2009)]) 43

u(p) / \ u(p’)

The leading contribution comes from the
exchange of single pseudoscalar mesons

* TFFs for off-shell mesons = model dependent
= measurements of TFFs of on-shell mesons can help to constrain models
to get a precise evaluation of the LbL contribution

P.Gauzzi Excited QCD 2014 - February 3, 2014 10



Transition FFs from Dalitz KE
decays

VMD well describes 1 —y€*(", but fails for o —a’*("

= F = CB/TAPS @ MAMI

o~ o T
o = ¥ NABO [p-A) :A-?=1946 2 0.096 2 0.001 [GeV/c?] * 2 -4 ¥ NAGD (p-A] :A?=224820.030 20,002 [GeV/c!]* |
[arXiv:1309.5648] () b | w03 NEED, 00 : e

o~
1.95 £ 0.17 £ 0.04 [GeV/c? [T | © NAGO (In-in} : A2 =224 0.050.02 [GeV/c?]
T * LeptonG 1A =19404 [Gev/c)? -
o A2,2011 2 18 [GeV/c]
-- TL calculation

1—wmp At =18 [GeVfc
) 1
, 1

n—ppy

| * LeptonG (A2=24102 [GeV/c)?
VMD 1 A2 =168 [GeV/c?]

---- Padé approxim.
A 2=(1.95+0.15+0.10) GeV-?

n—oeey T
T E l
S B ¥ B - Sy w— 0 01 02 03 04 05 0 01 02 03 0.4 05 06 0.7
m(I) [G eV/c2] Mass [GeV/c?] M1aoss [Gi\’:./:.::]_. |
1 Other models based on effective field theories 6 | VEPPOM o
F (q2) = e proposed: Terschluesen-Leupold PPNP67(2012)401 ol
1 —g*/A% | Schneider et al. PRD86(2012)054013, | |
Ivashyn Prob.Atomic Sci. Technol.2012N1(2012)179 |, | _
u_g 2r e
— % § I s s BELL
* ¢—onete : A2=(3.8+1.8) GeV? (~50% error) SND @ VEPP-2M or T
VMD = AZ=M ¢'2 ~1 GeV-2 2l
4t
* ¢—nlete : no data available on FF; VMD = A2~ 1.6 GeV?

6 . . . w
0 01 02 03 04 05
q[GeV]
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« Analyzed sample: 1.7 fb™!

* 2 tracks + 6 prompt photons
536.5 <M, i(ee) <554.5 MeV
~ 30000 ¢ —nete” (n —>n'nonO)

« Efficiency = 15%

Ugi; Gl

BR(¢ — meTe”) =

¢ — nete ; n—n'n'n’ Kﬁ&\

100 x10°

@)

= (1.131 £ 0.0327,055 ) x 10~

SND: (1.19 £ 0.22)x10
CMD2: (1.14+0.12)x10

P.Gauzzi Excited QCD 2014 - February
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Transition FF KE

 FF extracted from a fit of the e¢"e¢ invariant mass to:

+ - 2y 12 2 2 2 2 22
d T(¢l>nee )« | Fy(q7)] 1_4m x(1+2’—'f]x PR 4’m¢q, ,
dg* T(p—ny) 3z q’ q’ q my—m, (my—m,)

[Landsberg, Phys.Rept.128(1985)301]

1
F(q*) =
e Prre
o Uiy
= — =A <
dq? q2=0 J‘.:
=

A™2? = (1.17 £ 0.11 £+ 0.09)GeV

(SND: (3.8 = 1.8) GeV?)
In agreement with VMD (AZ= M, %= 1 GeV?)

pad ey by b by by v a by v a s byl

1 11 iy
0 50 100 150 200 250 300 350 400 450
P.Gauzzi Excited QCD 2014 - Feb Mee (MeV)




¢ — mlete

« BR(¢p — wleter) = (1.12+0.28)%10>
= 25% uncertainty ca0
(SND = 52 ; CMD-2 = 46 events) 40

E, MeV]

 Events with 2 tracks + 2 prompt photons

1
=]
\IIII llll IIII‘I\IIII llll II

* Background:

(=]

radiative Bhabha scattering

(several order of magnitudes larger) %

¢ — nt'y with photon conversion -

-----

3
=
[TTIIIIIIIIIIII ITIIIIIII

« L=1.71fb! o0

« 8777 events selected e
IDD_'_—
° ° ~ 0 - Ty -
* Slgnal efﬁCIency ~15% T VR (R [ ‘7005'":19‘3?0 .
P.Gauzzi Excited QCD 2014 - February 3, 2014
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[ J
YY invariant mass
i —— DATA
- MG signdl
100 MG radiative BKG
MC Bhabha BKG
mo}— — MC sum
m -
40—
m t—
r =P S
s WY WY N TR TR T S | -~ .
& 100 120 140 160 180 200
ey Mev]
e'e” missing mass
= DATA
10 - MC sgnal
N —— MC radatm BKG
1200 — MC Bhabha BKG
- s MC sum
1000
m :
01—
s0l—
20 -
oF

P.Gauzzi

¢ — nlete

Good data-MC comparison

| cosB* |

e'e” mass spectrum

llll]llll]

3
|
i

—— DATA
— MG signal
MC avas BEG
MG orabha BKG
——— MC sum

30 =
10k
200 3
100 E
o’ sl M BT S SR e " heid 1
0 0.1 04 s 0.6 07 08 09 1 100 200 ace 4co 5o &0 ‘700
mor =Yg Mev)
¥Y opening-angle e'e” opening-angle
= 10"
i —— Data —4+— DATA
NC sigral MC signal
10 —— MG rafalive BKG MC radiatve BKG
3 MC Bhabha BKG 10° MC Bhatha BKG
- w— MC sum — MC sum
107 - -
= T Lr L 1l
I fu -—u U . &+ T
W \.,i
10 = ] _\1\
E R‘\L‘IL
'] N A PR PR RS R
o 30 35 “0 45 55 e B0
657 o]

Excited QCD 2014 - February 3, 2014
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Background subtraction

(I),

— mlete

iy o forbin 1

my. forbin2 mg.." for bin 3

from fit to the recoil mass

against ee”

Fit systematics currently

i =* for bin4

m2 = for bin 5 m?. = for bin 6

limited by the MC statistics
of Bhabha events

iy Cliij

Bkg subtracted and € ¢

LML AR R A A A |

107

M, [MeV]

e’ for bin 7 mye” forbin 8 . my,” for bin 9
@;Q:gy;ectm : - L, Am b .
DATA
MC FF=1
=>  FF extraction in progress
| QCD 2014 - February 3, 2014 16



YY physies |, KL

= L;, X

aw., t dWWU(’Y’Y — X)
e—l_e_ — €+€_’7*’y* — €+€ X 2 102;_ . Vs = 14 GeV
F Vs = 1.2 GeV

Vs = 1.02 GeV

A 4

(D+
\
L — |
Q
/N
x
|
_|_
ek
—
dF/dW,, x L, (MeV'nb™")
S
T

A 4

0 500 1000

10 N '

82 W,, (MeV)
2
e X = J'EO, n = U‘y’y—)X(ql’ q2) — XFX—V)/'Y(S[(ql + q2)2 - M)2(] ‘F(qf’ qg)|

— Two-photon width I'(X—yy)
— Transition form factors Fy,...(q,%q,") atspace-like ¢

 X=ant"= study of £,(500)

« KLOE data: no ¢* tagging = analysis of off-peak data (Vs =1 GeV)

P.Gauzzi Excited QCD 2014 - February 3, 2014 17



Oi&@ Y*Y*_,n K‘a\

« Data sample: 240 pb™! off-peak (Vs =1 GeV), no taggers
* Main bckg: efe”— my with y lost

« nona'nn’: events with two  n—na’r'z’: events with no tracks
tracks and two prompt photons and 6 prompt photons
e'eT—ny <140
ete—etey E [ L
160 [ ete—»on’ & 120 F + —ee Ny
: Signal = - — i
140 | e‘ge-»K*‘K- %l signal

80 [
60 -
a0 [

20 [

0 - . = 1 1 1 1 — 1 1 _
Mzmlss (Gevz) -0.15-0.1-0.05 0 0.05 0.1 0.15 0.2 20.25 0.3 (;.3:
m- (GeV ")

combining the two channels:

olete” = ete ™ n) =(32.7+1.3+0.7) pb
= I'(n — vv) = (520 & 20 & 13) eV| puero1o13)119




0.0

YY—oTR
% *e 0 0 - MY
=2 18 YUY > 2%3005)
Y Y n n £ [ ® DR.-s,=05m?2
~~ 16 Pennington (1993)
x® [ ® D.R.-s =2mz2
[—I L _ Pennington (1992)
¢ ete— ete” nind dé |
g I
¢ £,(500)—>nn° ? 2 °
8 -
* Previous measurements by Crystal Ball il
and JADE ) . e Crystal Ball (1990)
21 J A JADE (1990) - arbitrary normalization
g . l3(!10I - I",(IJOI - ISO.E)OI - IG(I)OI - I7(|10l - I800
W,, (MeV)
« 240 pb! off-peak data (Vs =1 GeV) -
> 225
e Selection: i; e
— 4 prompt photons iii
— no late clusters in the EMC = o
— no tracks in the Drift Chamber I
— best photon pairing to match 2 n’s i; e
=> cut on pairing > -

°©
n
]
]
h
[
)
)
-
D
h

150 175 200 225 250
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300 -
200 -

100 [

P.Gauzzi

1
#o
LA

i

+
fy

+

+
Hy
i

0. L =al il L
200 300 400 500 600 700 800 900

y*y*—>glgd

Still some background contamination at low m,, 5
= asymmetric p, distribution %
ny
wne .
+ data ol
q600 -400 -200 0 200 ;(;O(Me VG)OO
™ Background reduced with a multivariate analysis:
m,, [MeV] * MUC distributions for signal + known bckgd.
* data for residual background
- H . * Residual background still
g }){ l + subtracted
- ﬁHw spectrum  Under study
.| ﬁ ’Hr { ) H +MC «  Work is in progress to
:jﬁ H!Hlm ! extract the cross-section
R LA
m,, [MeV] Ex m,,[MeV] 20



 KLOE-2 run at the ¢ peak
 Large background from ¢ decays

w &@ vy physics at KLOE-2

Yy process ¢ decays
channel Total Production decay mode esc.particle events bckg to:
(L=10fb") Ko (om0 K, K, ~ 109 7070
ete"— ete n? 4 x 108 Ko(') K, K, ~2 x 109 a
ete"—ete n 106 | 0 ~ 109 T
ete” - ete 2 x 106 n(yy) v Y ~ 108 )
ete"— ere nlnl 2 x 104 7O(yy) v Y ~5x 108 0

* Additional background from continuum processes

= Electron taggers are needed to reduce background

P.Gauzzi

Excited QCD 2014 - February 3, 2014
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— LET + HET: taggers for scattered ¢*
in yy processes &
— Inner Tracker : to improve acceptance for low ¥
momemtum tracks and to achieve a
better vertex recontruction
— QCALT: W + scint. tiles + SiPM
quadrupole coverage for K; decays

— CCALT : LYSO + APD to increase acceptance
for y’s from the IP (21° to 10°)




* To detect e of E = 150 — 350 MeV escaping

from the beam-pipe

*  Weak correlation between E and scattering angle

= calorimeters: 20 x 2 LYSO crystals read-out by
SiPM, placed at ~ 1.5 m from the IP

ox/E <10% for E >

150 MeV

Calibration with cosmic rays (mips)

-

3
IOQL\W
E. rhll'lﬂ I

0 20 40 60 80 100
adcé

10
10
10

1
0 20 40 o0 80 100
adcl4

0 20 40 60 80 100
adc7

10
10%
10

R L

1
0 20 40 60 80 100
adcls

5
2
i\"\w‘hnnm L

10 7
1w
10 &
1E. .00 Hn o

0 20 40 o0 80 100
adc8

L Lo
0 20 40 o0 80 100
adcl6

3,2014
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L@ High Energy Tagger KE

Nominal orbit (Ebeam = 510 MeV)

* First bending dipole of DA®NE acts as a

| Scattered
/| lepton
/" | trajectory
N E<E

beam

spectrometer for the scattered electrons
(420 <E <495 MeV)
* Strong correlation between E and ¢* trajectory
* Scintillator hodoscope + PMTs; pitch: 5 mm
placed at ~ 11 m from IP

HETB-TDC13
100 . _ Entries e 26118
%0~ e ) om0
s
702 J'
60
50
40
, |

(Q.E. = 35%) 2 J h 1T ]I 1. L
10
PN (N T T T T [ TN T TN T [N O Y

IS N N Y [T T T T A S S P
i inti i inti 140 150 160 170 180 190 200 210
o s P st sacomiere

(28 ch. for each arm) (1 ch. for each arm) TDC counts
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* 4 layers of cylindrical triple GEMs

* 0,4~ 250 pm and o,~400 pm

* XV strips-pads readout
(20°+-30° stereo angle)

* 2% of radiation length in

the active region

Particles present

Cylindrical Triple GEM

Read-out

| Run 67808 trig_num=144974 |

. ,/ /’1—1’&;:'7\\ Anode /-14
2mm m—— N GEM —
N 3 7 Zaa N\

N

%0 200 -100 0 100 200 300
X (mm)

Ecal [MeVl ™ <10 ®m <20 = <40 <60 = <80 ™ <100 = <120 m <140 m K

P.Gauzzi Excited QC



&@ v¥*v*-n'n’ @ KLOE-2

 Detection of the scattered electrons will close the kinematics and
will help to reduce background

* Coincidences of two tagging stations cover

the interesting range in W, vy x’
Bellucci, Gasser and Sainio (1994)

2-loop ChPT predicted range
L s Gm Ivanov and Sainio (2005)

- =0.5m_2
16 |- Ponnl (1993)

C =] =2m.2
14 | Ponnl (1952)

}

- i l ’ ’ s . l A A A A l A ' A A ‘ A A A A l A A A A
300 400 500 600 700 800

W,, (MeV)

o (cosf < 0.8) (nb)

With 010 fb!) = 2% statistical accuracy
expected, using the same energy bin as
Crystal Ball

® Crystal Ball (1990)
4 JADE (1990) - arbitrary normalization

P.Gauzzi Excited QCD 2014 - February 3, 2014 26



KL

* PrimEx Coll. @JLAB = I'(n’—yy)=(7.82+0.14+0.17) eV = 2.8% uncert.

Fﬂ@ v¥*y* -’ @KLOE-2

o T'(®"—>yy)=(8.09+0.11) eV (theory) = 1.4% uncert.

+ KLOE-2:\s=M,
2y in the EMC + ¢" and ¢ in the HETs
(|q%|<10-3 GeV? = quasi-real photons)

* o, (ete—e'en’)=0.28 nb
* 1.2% acceptance
= 2000 evts/fb-! expected

with L =5 fb!' = oI'(x’—>7yy) = 1% achievable
[EPJC72(2012)1917]

P.Gauzzi Excited QCD 2014 - February 3, 2014 27



/Oﬂ@ v¥*y* -’ @KLOE-2

2
* a'"y Transition FF F. Oy~ * (q ’ O)

lepton in the HET = |¢?| = 0 quasi-real photon

lepton in the DCH/EMC = |¢?|< 0.1 GeV?

-

*
-2
\!
a

e LMD+V model
e Oy —— CELLO data
—=&— CLEO data

—— BaBar data
—a— KLOE-2 (MC sim.)

TTT
i
{

IF(Q*,0)JGeV]’
]

unexplored q* region
check TFF parametrizations

—llllllllllllllllllllllllIl

v reduce the model dependence of the LbL
0.1 L scattering contribution to (g-2),
- TN - with L=5 fb'' = 6% error on each point
BB i Bhn e %“’?"*F‘:-,..
102 107 1 10

-Q*[GeVI ) 2014 - February 3, 2014 28



’OEL@ Conclusions KE

 KLOE is continuing to exploit the high statistics samples of light mesons
collected at DA®NE to perform precision measurements in hadron physics

« KLOE-2: Installation of the new detectors completed
DA®NE operations restarted in July 2013
Goal: collect ~ 5 fb™! in the next 2 — 3 years
Rich program of measurements:
— study of n and n)’ decays
— pseudoscalar meson transition form factors
- 1n /1’ mixing
— Yy processes at \s = M,, (with e* taggers)
— search for dark forces
~ scalar mesons: £)(500) in yy—a’n’; fo(980)/a0(980) — K°K?"
[Eur.Phys.J.C68(2010),619]
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d—ny; n—=rntn ' KE

* Selection: atleast 2 charged tracks and 3 prompt photons (loose
cut)

* Most energetic photon = recoil photon from ¢ decay (363 MeV)

e Use constraints from Kinematics (no kinematic fit) :

2 2
my — my

2(E4 — pepcosh)

~Yrec —

Pn = P¢p — P~rec

Pr0o = Py — Pr+ — Pn—

P.Gauzzi Excited QCD 2014 - February 3, 2014 31



d—ny; n—=rntn ' KE

[Bam]

* Bhabha rejection: .
o
e/n Separation With TOF : :’E e 6 4 -2 0 2 E : .c s ’10 ':E: € 6 4 2 0 2 :.:4 € 8 10
y At x(ns) - ____ At = (ns)
5 :: o . 3 :i -
";— ‘." 10 ':l;_ - € : . 0
At x(ns) At_x (ns)

Angle between the y’s from n° and nt/n~

[wc]

e

‘4 25 3
£ aftracke, ) )
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EL@ o(e'e— ny) @1 GeV KE

> —
e Main background for e'e™— e'e™n s W
« e'e—ny—n'wnl: 3 photons + 2 tracks Cwsb
. 1500
— pion ID 1250}
— kinematic cuts to suppress background 1000}
750
from kaons
500
— kinematic fit 250f AN

s ol I _MH =
%0 100 150 200 250 300 350 400

o(e*e— ny, 1 GeV)= (0.856 = 0.008 + 0.016) nb

= 4
s o(ete™—>nvy)
3sh
3 - v n —> w'nn’, SND *k
e Cross-check: from the fit for 25F 4 mmnnSND
YY—N —>J'I30.TIZOJIZ0: > _ - KLOE [JHEP01(2013)119]

o(e*e— my, 1 GeV)= (0.853 = 0.025 + 0.008) nb |} .
oy,

PURET TR T T (NN T SN YT TN (N TN NN NN TN SN TN SN ST TN S TN S SN TN SN T SN S U S T S 1
Y50 560 970 980 990 1000 1010 1020
EMeV)
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* * e 0 0 T ID 101
> L Entries 13559
{ Y 01| A o
@ 600 ﬁ# UDFLW 0.000
. o o = | OVFLW 0.000
* Still some background contamination atlow m,, £} ﬁ + ALLCHAN _0.356E405
z [
o

= asymmetric p, distribution

300 | i

* Background reduced with a multivariate :
analysis by using:

— MC distributions for signal + known bckgd. [

— data fOI’ reSidual background %00 300 400 500 600 700 800 9})0

m,, (MeV)

| Input variable: Longitudinal momentum |

R WL e B e
iSignal
%Backgmund

nput variable: Transverse momentum | Input variable: t-r/c chir2

T

o
©

o
o
=
N

o
3
1

(1/N) dN/0.167 F [
°
SOV
1

0.008}

(1/N) dN/ 6,61 MeV

U/O-flow (S,B): (0.0, 0.0)%/ (0.0, 0.0)%
e o
< S 2o §
(=]
)
U/O-flow (S,B): (0.0, 0.0)%/ (0.2, 0.9)%

(1/N) dN/19.5 MeV
o
2
°
2 S
1

dN/dP, (8 Me

0.006 |

0.004} 250 [ }

S ¢
[

0.002f

e
o

o
w
U/O-flow (S,B): (0.0, 0.0)%/ (0.0, 25.7)%

200 [

0
-400 -200 0 200 400 600

Longitudinal momentum [MeV] Transverse momentum [MeV] t-r/c chi*2 [F] 150 [

100 [
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’ TMVA overtraining check for classifier: Likelihood ‘

TMVA
5 80 [T Signal ftest'saple) | " [ | Sighal (training shmpie) "
% 70 E Background (test sample) « Background (training sample)_f
= I- Kolmogorov-Smirnov test: signal (bacjiground) probability = 0.923 (0.905)
€ of
T 607 -
50 [ =
a0 f- =
30 {- -
20 - r
10 -
0%12_4‘ [P R B I J

Likelihood response

Residual background still under

study

U/O-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%

WorKk is in progress to extract the

cross-section

P.Gauzzi

MC: ete— e*e” 6(500) — eten'n’
complete matrix elem.,full phase spac

[EPJC47(2006)65]

%F H + subtracted
ﬂ % FI spectrum
}




i

L@ Search for dark forces KE

* Recent astrophysical observations (AMS02, PAMELA, ATIC, INTEGRAL,
DAMA/LIBRA) could be interpreted by assuming the existence of a light
dark sector that interacts with SM particles through a mixing of a new gauge
boson (U-boson) with O(1 GeV) mass, with the photon

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

e U 015014
Essig et al., PRD80(2009)015003]
e X € a’
e = ——
aem

 If the mixing parameter € ~ 103 — 10 = could be observable at KLOE
* Signature: ¢— nU, U— 70
= p—ne’e (main background: Dalitz decay)
« Two 1y decay channels analyzed: n —a*wn’ and n —»>a’n'n’
* Other DF searches @ KLOE: e'’e—Uy—pnuy;
e'e—h'U—-p' - + missing energy
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(MC simulation from Reece, Wang, JHEP 07(2009)051)
Bckg from fit to M, distribution excluding the

5 bins around the selected one

Upper limit evaluated with the CLg method

U.L. @90% C.L. on number of events

% T

2_ ‘ » o
e VAn N danr 'Q.. 3.5 3

BT fipm s ?b"'%;‘;,gx d

. on BR(¢—nU; U—ete’) My MeV)

+—0
® TN

o J'IZOJ'EOJIIO

e Combined

-6

g

g

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

0 50 100 150 200 250 300 350 400 450
M, MeV)

P.Gauzzi

1 L L . . L ! L L |
0 50 100 150 200 250 300 350 400 450 500

0 50 100 150 200 250 300 350 400 450 500

o'/o

050 100 150 200 250 300 350 400 450 The limit on a’/a
depends on the FF

slope by,
[PLB72092013)111]

M.. MeV)

N —r

. Bl KLOE- b¢ —IOGeV
- I KLOE - b,, —38GeV

Excited QCD 2014 - February 3,

100 200 300 400 500
M, MeV)



iy

e'e—Uy—puy: look for a narrow peak above the

continuum pof !

L = 240 pb! :

Photon at small angle (9<15° - not detected) < ;
low FSR contribution + reduction of ¢—n*n n’ bekg po

Two tracks with opposite sign at large angle (9>50°)

7t/p separation

L@ DF search in e'e —nuu™y KE‘

YOKE:
S.C.[COIL

|  RawSpectrum |

Raw M(u*u~) spectrum

10% -
E é 16000 —
5 -
14000 —
10% 12000 —
14 1 ;
"""“""'p,m l:cata e "
Bl uit” TUITY-+HARY -
E IR llt””}llly 1 1 1 1 1 6000 —
80 90 100 110 120 130 140 150 160 170 180 :
4000 —
Mo [MeV] ;
2000 [—
T T
P.Gauzzi Excited ’

' P Y PR ] I I — U T — P —— l -
0.65 0.7 0.75 0.8 0.85 09 095

My (leV)
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L@ DF search in e'e —nun™y KE

e Upper limit with the CLg
method 2

1E-5 4

*  With the full KLOE statistics, .
2.5 b1, the sensitivity will Ear
improve by a factor of ~3 ]

U.L.between 1.4 x 10-3 and 4.3 x 107

in the energy range 520-980 MeV

* A further factor of 2 is expected
from KLOE-2 data-taking el T T T T T T T

0 100 200 300 400 S00 600 700 800 800

M, (MeV)

P.Gauzzi Excited QCD 2014 - February 3, 2014 39



L@ DF searches: h'-strahlung KE

Assume the existence of a higgs boson (h') of the hidden sector
« ItMy+M, <M, could be observed at KLOE

e I
, o ap €2 102 GeV?
= e¢*e¢” — Uh o o~201b
B a 10—4 S
\ o [Batell et al.,PRD79(2009)115008]

M, > My =h° = UU = 47 L=1.65 fb-!
if M, <My = h'’ invisible (escapes the detector) =f
M K'K—-p'w

Ul s \

= selected final state: p'p~ + missing energy !

on peak data

<— ee—eep’w
ee—eemim

ntand

events with 2 muons coming from the IP ik

100

PR AR P SR
100 200 300 400 500 600 700

L
800 900 1000

Muu
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L@ DF searches: h'-strahlung KE\

» Upper limit on a,g? extracted from the scatter plot M, ;; vs M,

miss

by considering for each bin the 5x5 bin region surrounding to evaluate

the background Py °
an - 0 m, =55 MeV (\(',oa & m, = 250 MeV I e ‘
I 0 m,= 100 MeV _ . e I
6 A my,= 205 MeV Bv\l hRq ® m, = 500 MeV * . ?
Gty o rln.. = 430 M;V QI L\w\ P/ﬂ\\ B i ] . A :L ; ;:DL i::: . 1

133 N VAN o —@-o

MU (Mev) 0 100 200 300 M;:O(Me{;;
If ap,= a = upper limit on £ ~ 103
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L@ KLOE-2 physics program KE

Eur. Phys. J. C68(2010)619

* vy physics * Properties of o(500)
 Study of I'(S/P—vy)
P transition form factor

* Light meson spectroscopy * Properties of scalar/vector mesons
* Rare 7 decays
* 1’ decays
« Kaon physics * Test of CPT (and QM) in correlated kaon decays

* Test of CPT in Ky semileptonic decays
 Test of SM (CKM unitarity, lepton universality)
* Test of ChPT (K decays)

 Dark matter searches

* Hadronic cross section * O,n(My) and (g,-2)
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L@ Physics at a ¢-factory KE

* Kaon physics: |V, | and CKM unitarity, CP and CPT violation, rare decays,
ChPT tests, quantum mechanics tests

* Scalar and pseudoscalar mesons in ¢ radiative decays and in yy collisions
- N—3n Constraints on light quark masses
- n(q)—-onatn—y Study of the box anomaly
- ¢p—onete, ponlete Transition Form Factors
Search for light dark photons (U-Bosons)
vy—1n (7°); Two-photon partial width
Transition Form Factors

- ete —eten (aY)

Loy

*Hadronic cross-section via ISR [e"¢™ — y (a"n7)]: hadronic corrections to (g-2),

0" 1 0"
Decay channel Events (2.5 fb!)
o 9 1020
KK 3.7 x 10 BR83% ¢(1020)
K, K 2.5 x 10° o a,(980)
p7 + ata—n0 1.1 x 10° BR=6.2x105 [0! 980)
9.7 x 107 , v
ny X 1'(958) BR~0(10)
nly 9.4 x 106 p(770)
BR=1.3%
' 5
n'y 4.6 x 10 n BR=15.3%
2.2 x 106
el . BR=13x10
nmly 5.2 x 105 IQCD 2014 - February 3, zu1p- p 43




Symmetric Dalitz plot:

n—m'mn’

JAf x1+2aZ = only one parameter ;,_o;: * Data
2 . o.ozsz— - MC
2 ([ 3E,-M, p’ (p = distance from o
=5 2\ ™, - M - 2m N the Dalitz plot center) oorsk.
450 pb! ; 7 prompt photons
= 6.5 XIOS events %0 200 300 400 "an /NN
s [ E, (MeV)
56000—
I * Data -
[ — Fit 0.01] ° ¢
20000— E
B [ R
i - ¢ ®
i 0.01F
10000[—
i 0.02
0:..|...|...|..|...|| el dsnlo i '0'03; é o + ®
0 0.2 04 0.6 0.8 1 1.2 1.4 1.6 1.8 2 N l
z 0.04F
0 3 2 5 »>» @ 9 2 ¢ 2 O g ¢ §
+0.0022 @ 5 § 9 £ E & F 2 2 ¥ B G
a =—0.0301+0.0035" "0 SRR RRR AR RN
o @ g 9 9 a a
§ s £ 84 2
[PLB 694 (2010) 16] § g
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n—w o’

¢—=ny (E, =363 MeV)
with n—=n"n = a*n—+ 3y final state
450 pb! = 1.34 x 10% events in the Dalitz plot

IAX,Y)|? = 1+aY+b Y2 +cX+dX?+eXY+HY?

d?N
axdy [
10000

10000

a -1.090 + 0.005 ™™, i R
b 0.124 £ 0.006 = 0.010
¢ 0.002 + 0.003 = 0.001 .
d 0.057 £ 0.006 """, o
e -0.006 = 0.007 "™ _; 4
P(f; : 0.14 *;’3"2/1 £002 4 ¢ e compatible with zero (C violation)
> fit without cubic term (fY3) = P(y?) ~ 10
[JHEP0805(2008)006]
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(e+e——>hadr.) below 1 GeV KE

>3 o discrepancy between_a SM - a4, [a,= (g,-2)/2]
a M= a P + g ek + @ > main contribution to the

n
uncertainty on a,°™

g 1/ (Ur)[ o(e’e —hadr)K(9ds 5 K(5)~1/s

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

+

€

. i
M s. dolee=>mawry) oo ) W, s,)
ds,,
7

 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)
[PLB700(2011)102]
(3) photon at S.A., o(e*e—=nny)/o(e"'e—pn n7y)
[PLB720(2013)336]




¥ s analysis (KLOE08) KoL

« 2 pions at large angle (9>50°)
* Photon at small angle (9<15° - not detected)
to reduce FSR
 Photon momentum reconstructed from Kinematics
ﬁ'y — = (ﬁ—l— + ﬁ—)
« 240 pb'! from 2002 data-taking

82 1400F
T =/ Uee—n‘rﬂ'(S)K(S)dS 120()5.
S1

1000f

a7 (0.35-0.95 GeV?) = (387.220.5,,, 2.4, +2.3,)x10"10 **f

600 F
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YOKE

200F

400F

e

e -, KLOE 2008
Phys. Lett. B 670

B (2009) 285

N

F 1 stat. error only
! )
g

(Gov ) "“'--...

0L
0.3 0/1 05 0() 07 08 09 1.0

47




/EL@ L.A. analysis (KLOEIQ) nﬁ

YOKE \\%//7 N

2 pions at large angle (9>50°) T v
Photon detected at large angle (9>50°) (e
* Threshold region accessible

HMM

* Lower statistics
* Larger contribution from FSR

Larger background from ¢—mtmn’

Irreducible background from ¢—f )y—=n "y
Use off-peak data (Vs =1 GeV); L = 233 pb"! F

45F :Z I
405— N P ® KLOE10
a,™ (0.1-0.85 GeV?) = (478.5i2.OstatiS.OSysti4.5th)xl0'10 3sp, et o v | '#.@ KLOE0S
[PLB700(2011)102] 3‘:* ;, \
* Good agreement with KLOE08 20 /
» Combined KLOE08 + KLOE10: 18 7
a7 (0.1-0.95 GeV?) = (488.66.0)x10"'" top 4
zf_ "’//. Vg [GeV]
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OE;L@ Gp.q frOm 7wy / ppy K.

« |F,|? from the ratio o(e*'e—n'my )/o(ee—ppy) at Vs = M,

Small Angle analysis (photon not detected; 3, < 15°) [PLB720(2013)336]
. ()f ~ 4(1+ 2m33 /s)B, do,, Ids MLy
B do . /ds’ :
kinematical factor =~ meas.
(0,2 / o,B°m) quantities : iy, Dt
e Many factors cancel in the ratio: o ; " | ooy ey

= ful i 1 1 1 1
80 90 100 110 120 130 140 150 160 170 180

M« [MeV]

alete——ntr=) and a(ete—putpu )

— radiator function
— luminosity from Bhabhas
— vacuum polarization

|4 ¢ @, ith
Separation btw sty and ppy using Mg 2f
* muons: My, <115 MeV ::: \
e pions : M, > 130 MeV ol
Very important control of wt/u separation o4t
in the p region (o,,>>0,,) .| . GV
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200 F 7
bs X - .
do”® AN . — AN = 175 | .
way () _ Obs Bkg 1 ._1 é 150 E N
2 2 ) : -
am’ AM,, &y [Ldt = 1250 0w
:J;* 100 e uuy MC (PHOKHARA) -
= T5¢ _=='-"—*=
doPATA T 50 T
5 25 e
(y) b
—"1“;’;=O.998iO.OO1statiO.O11sysw A T
do 0.4 0.5 0.6 0.7 0.8 09
pr(y) 1.1 it
1075 x/ndf 96.9 /59
) AO0 = 0.9981 + 0.14951E-02
1.05
. 1.025 f
* The systematic error has been 1
averaged on M? 0.975
0.95
* Good agreement with 0.925

PHOKHARA MC (QED @ NLO) 99 =47 ""05 06 07 08 09
M2, [GeV?]
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¥  xLoEn2vskLOEI0 KL

KLOE12: tay/uuy [PLB720(2013)336]
KLOE10: Large Angle analysis (photon detected at 3, > 50°) — off peak data

[PLB700(2011)102]

5 Fractional difference:

- 0.1 e (F1,-IF 1% )/F %

45+ n K12 T K10 n© K10

o w @ KLOEI10 005+
45 .:j- - "‘:"1:;‘.:% * KLOE12 M 0 r ++ ++ + ++
40 . My f | ® KLOEI0 005k ﬂﬁ ’ # ‘ M "
3sp oF vE o5 wm om f | op 0L o O [GeVY

- N_g ;‘1 +i| 03 04 0.5 0.6 0.7 0.8 0.9
0EE fok

x / % band: KLOE10 error
2S¢ 4 %
20_— |

i 36 ﬁ"?.,
15 :_ ﬂ* &;

L *

; % Excellent agreement between the

10F 7 * .

. & \ two independent measurements
S5k |

: (Mey” [GeV']

| |
0401702 03 04 05 06 07 08 09
P.Gauzzi Excited QCD 2014 - February 3, 2014
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Aa;" = f oﬂm(y)(syK(s)ds

Data A™a, - 1010
0.35< 5 < 0.85 GeV?
O/ O, SA- Yisn 3774211, 327
Abs. Oy, SA-Ye  379.680.4,,333_ .
Abs. oy, LA-ye 376.680.9,,333 .

P.Gauzzi

Summary on a,

a P - g theo,SM .
u [ ]

3.3 o discrepancy confirmed

I I I I ] | | | I | I I I I

DEHZ03 {z based)
195.646.8

DEHZ03 (e*e” based
180.948.0 )’_‘_*
HMNTO06

180.445.1

JEGOS8
17946.5 —e&—

—A—

—7—

180.244.9 —A—

DHMYZ10 (t based)
189.415.4

JS11 (e*e and 1)
179.746.0

HLMNT11
182.844.9

Foa

——

—

I I I I

inc. K05
inc. KO8

inc. K08, K10

inc. K08, K10

inc. K08, K10

|
|
|
|
I
|
|
I
|
:
DHMYZ10 :
|
I
|
|
|
|
|
|
:
preliminary estimate* —a— :
|

I

BNL-E821 02 (p*

I
BNL-E821 04 () ;
21418.5

BNL-E821 04 ave. |
20816 I_H

-

IIIIIIIIIIIIII:I

inc. K12, K10

140 160 180 200

220 240

a -11 659 000 (10°)

, * Qur extrapolation based on DHMYZ10
Excited QCD 2014 - February 3, 2014
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g BR(K"—zn"n"nt™(y)) K.

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

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

e Previous measurements :
Chiang (“72) (2330 evts) BR = (5.56 + 0.20)% => ABR / BR = 3.6 X 10-2
KLOE (2008) (fit to 1-£,BR,) BR = (5.68  0.22)% —
Flavianet fit (2010) : BR = (5.73 % 0.16) % y N

‘ N
o / L
« Signal selection: /
. 0 | ( Krag PR X Ksig path |
— tag with K — pv, i TSNy ,
— 2 tracks with vertex along the K path T\_
before the DC wall : V%

— K path from the extrapolation of the tag K to 1.P.

— signal peak in the missing mass distribution (379 pion)
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d -
sjo/]

« Analyzed sample: 174 pb-!

BR(K*—a*n*n(v)) KE

174 pb! of the KLOE data sample

10 4:_ Data

« Efficiency evaluated by MC and corrected

Fit Output

from data-MC comparison 104
F K*-> et signal

* Signal extraction from fit to m? .  spectrum - K->uv tag
with signal and bckg shapes from MC

N(Kt — 37) = 45054.1 + 212.2 evts 10
N(K~ — pv) = 12065087

"
m,....> bin = 2000 MeV? .
1 cova b b by b b by [ [ T

- 50. 0. 10. 20. 30., le‘;
m? ... (Mev?)

BR(KT — ntnxta=(v)) = (0.05526 + 0.00035,;4; & 0.00036,,.:)

0.059

ABR/BR =9.2x107% &'

2 0.056
/I\

1

Chiang 72 KLOE 08 FlaviaNet 10 KLOE 13

+
X 0.055
(14

0 054
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OEL@ ¢—K K, —»a'nn'n KE

e Standard Model Extension [Kostelecky et al., PRD61(1999)016002,PRD64(2001)076001]
= possibility of violation of CPT and Lorentz invariance

€L, — €K :I: 0
8 ~ isin pswe'® Wk (Aag — Bk - AG)/Am

* O depends on the orientation of the K momentum with respect to the fixed

vector Aa :
e angular distributions
* earth rotation effects (T, = sidereal time)

i sin pgyre'?sw
Am
—BrAax sindsin psinwgTsq

Sk (Pr, Tsiqg) =

YK [Aao + BrAaz(cosv cos x — sint cos psin )

+Br Aax (cosdsin x + sin 1 cos ¢ cos x) cos wiTsiq
+ Bk Aay (cos ¥ sin x + sin 9 cos ¢ cos x) sin wgTsiq

+Bx Aay sin ¥ sin ¢ cos wETsid]
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Analysis strategy KE

/‘OE @
%
sjo/]
cos(0)<0 X 4 cos(0)>0

 L=1.7 fb!analyzed K

o 1
 Kaons ordered according the - /

z momentum component /
< ¢
I(At, Toia 91, P, ) X =R K

€_F|AT| [|5K 2 5K(ﬁ1)|26%AT - |5K — 5K(ﬁ¢ — P’l)|2e—%A7—_

YN

—me((gK —5w(P)(ex — 6x(By — Br)*)emiamar)]

« Data divided into 8 samples: g - Mjr#% i ++lf+++
4 sidereal time bins x 2 angular bins 400} ++ t
/ dAT / dT / A, p(Qx,, T) (AT, T, Qx,) 5 i
AT; AT AQp 200 ¢
@;}‘

* Simultaneous fit of the At distributions to extract the 100;

Aa, parameters N S
n -10 -5 0 5 10
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Fit result

Aa,=(-6.0£7.7,,+31  )10% GeV

Aa, =(09%15, 06 _)10% GeV

Aa, =(-2.0%15__ +05_ )10 GeV

stat sys
Aa,=(3.1x17 0.6 _)10% GeV

stat sys

X2 /ndf =211.7/184 = P(x?) = 8%

[PLB730(2014)89]
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I(A7) (dN/xg)

I(A7) (dN/xg)

I(A7) (dN/xg)

I(A7) (dN/xg)

I(A7) (dN/xg)

I(A7) (dN/tg)

I(A7) (dN/xg)

sel LI Ty,: 18-24

(A7) (dN/xg)

sel ILIV T,;,: 1824




Transition Form Factors KE
‘ "

Y [ ]
Information on the structure of mesons come

from their coupling to photons, described by the TFFs

v Lo HarXiv:1207.6556] | S
~v* — P~ :102% _on | C k ;
2 2 — I )
Fpryv(4792) P — vy — y£1L °F ///
* % i
Yy — P
- efe -y
|
-Z_I — ‘-1|.5| — ‘-|1I = I-0|.5I = I0I ‘ 0.|5 B

@ [Gev?
* Light-by-Light scattering contribution to g-2 of the muon is dominated by
single pseudoscalar exchange

* TFFs for off-shell mesons = model dependent
= measurements can help to constrain models
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