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o spectrum study of yy — nt’n®
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vy intferactions with KLOE

240 pb! taken @ Vs =1 GeV, to suppress background from ¢ decays

No tag

vy — 7t°nd — 4y

v — M — o’ — 2 tracks + 2y

un-tagged
&

Calorimeter, EmC: B=0.52T it Chamber, DC:
Pb/Scint. Fiber, 4880 PMTs 90% He, 10% C H,,
or/E = 0.057/VE (GeV) o,/P = 0.4% for 6 > 45°

o, = 57 ps/VE (GeV) @ 100 ps Oy = 0.15 ININ, 6, = 2 N



Pseudoscalar mesons: yy widths

dF

ma yy—X (W ) AWy,

Nete—mete-x = Lee/

for narrow pseudoscalar mesons (e.g. n°% 1, ', etc...):

M2 2 24]°
yy%X (qqu X%yy —5((% + Q2) XﬂF(% 4> )‘ ]

absolu’re measurement: either your
e W = decay channel is X — yy or must know
3 BR(X—f) for a certain final state f

_:'\',__‘Y*(%)
|/ \}»— PS spectrum measurement, as a function
\—/ of a single momentum transfer, fixing
,__E':Ev*(qz) or integrating over the other one,
I U 2-dim PDF not yet measured
o Federico Nguyen
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PS form factors: from models to the (g-2),

important to test
phenomenological models, more
or less QCD/ChPT inspired..., but

e.g.
F(ki k3) =

impacts also on the (g-2), (m2 — k3)(m2 —
from F.Jegerlehner & A.Nyffeler, Phys. Rept,477(2009)1

Standard model theory and experiment comparison [in units 10— '1).

Contribution Value Error
QED incl. 4-loops + LO 5-loops 116584718.1 0.2
Leading hadronic vacuum pelarization 6903.0 52.6
Subleading hadronic vacuum polarization —100.3 1.1
Hadronic light-by-light 116.0 39.0
Weak incl. 2-loops 153.2 1.8
Theory 1165917900 64.6
Experiment 116592080.0 63.0
Exp. - The. 3.2 standard deviations 2900 90.3
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Ttr) Vs (6eV)

VALUE (keV) EVTS DOCUMENT ID TECN  COMMENT
0.51040.026 OUR FIT
0.510+0.026 OUR AVERAGE

Present situation on the n meson

0.51 +£0.12 +0.05 36 BARU 00 MD1 eTe™ — ete™y 72104
0.490+0.0104£0.048 2287 ROE 90 ASP ete™ — etey 29
0.51440.0174£0.035 1295 WILLIAMS 83 CBAL ete~ — ete 5  94-106
0.53 +£0.04 £0.04 BARTEL 85E JADE ete™ — etey 34.6
¢ ‘ Pl after Fred Jegerlehner
/ Jt

e gty b | |

IF (nyy

n branching ratios [%] ! .
rtr—r0 | 22.74 +0.28 ok
070 | 32.57 4 0.23
ce —n backgr'ound. Federico Nguyen 6
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BR(n —» ) = 22.73% 2 photons + 2 tracks with opposite charge

Search for yy = n — wrxnd

L (]_)Z _ Bmeas )2 e g - -~
Lo=) T 5L ACE Py &;
=YY pairing e e
2 = 2 . .
— charged pion ID MWy = M a7
- pPr< 100 MeV m2n+1t—w = mzn ~
- kinematic fit, x,2 t,-|r,|/c=0 for2y
only irreducible background 60 L x2/dof = 67.7/71
iS ete” — n(e L A 3'50) Yiost 50 :‘ CL = 60% I '
1500 data events, @ g A?\?.gum !
signal fraction ~ 26% 0T Netey ,
efficiency € ~ 17% 20 [ MY
'm(lf‘\r - o’

preliMt=is b ¥
0 M e ST el I
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Search for yy = n — wrxnd

Oete——ete—n =

% Ndata
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Improvements for yy = n — wtn-nd

2D distributions to fit,
Mzmiss VS Pt

fit in the 2D distributions

including pr, instead of cut UG S
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Search for yy = n — 3n0

BR(n — 37n°) = 32.57%

— vy pairing to 3 pions
- kinematic fit, x, 2
— most energetic y E<260 MeV

300 -
250 -

200 -

150

KL
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only ircedueisi€ background

is ee” = n(— 7O nOnO) v,

Federico Nguyen 10
04-17-2012



%) %
3jo/) ) [(Ne

Search for yy = n — 3n0

2725 data events after all cuts

X | ee>my
= ‘;Reuﬂ““‘ s /d.0.f.= 56.9/46 S
120 — 1[ _ MC sum
80 :_ 0.02 :—
60 0.015 :— ( | ’ {f !il
| {Ih. “1-'4'*" .i. !!‘
i ' ﬁ “ !
40 I 0.01 tt |~+ ' '
L l“ {} '_0': }'H' }» L
20 - - *-H'I- I,
i o00s il i W[ :
: : . " L W h.
0015 00008 0A00S 0d Gis 07 a5 o e3s T e TN
M . 2(GCV2) N a R N e T
ete =0 (=m)0—=5Y+, g e P, (MeV)

c (ete- > eten, Vs=1 GeV) = (37.0 £1.4,., 2.2 ) pb
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Search for yy = n — 3n0

2725 data events after all cuts

\ /T
“““;geu""“” Xg./d.0.f.= 56.9/46 /g SXces
U fit L She lepy 48

28 ‘ “\»ﬁ’\ - eSC‘/"/'

: signal 0.025 |- 90001
100 |- r\‘\x@

: LV deg € Py

A 0.02 = Cp/,b}"
80 - i \ /0/7 /

| | ( | ’ N\\‘w‘r
60 -_ 0.015 _— { !iil
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e*e = (—=>nly)0—=5y+Y, i — P; (MeV)

c (ete- > eten, Vs=1 GeV) = (37.0 £1.4,., 2.2 ) pb
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Status of yy =

Charged channel:

c(ete- > eten, Vs=1GeV) = (41.7 + 4.05tat£77syst) P

1s* channel where we had signal evidence, looser selection to be <

Neutral channel:

10% stat. error

c(ete” > eten, Vs=1GeV) = (BLOLET. A0

= 2-28yst) pb

background free measurement, a bit tighter selection to have syst. < stat. errors

(ny tail affecting the measurement stability, due to photon resolutio

Federico Nguyen
04-17-2012

n)

13



}‘o (O @
)
3o/ [N

Measurement of o(ete — ny) @ 1 GeV

* e'e—>ny->nntn: 3 photons + 2 tracks 2500 -
— pion ID ' A - Ny A
— Kinematic cuts to suppress background 2000 F - @Y N
from kaons Pre\'\m\ nary | = o’
— Kinematic fit S} |

o(e'e > ny, 1 GeV)=(0.86610.009+0.093) nb 1000
‘| o(e*e”™ —>nv) 500
35 F
3 _ v 7n—> T, SND + o MU= g iy, g e E
g 50 100 150 200 250 300 350 400
25F 4 n—>n°n°n® SND By (M)
: * In agreement with the result from
[ = KLOE Preliminary Result
* ' } N ->n°1°n® : 6y with imposed %, + miss. E
15|
N i, o(e'e— Ny, 1 GeV)= (0.875£0.018+0.035) nb
o « preliminary ( i = ( )
0.5 - + ? + * + et s e ks e s h e t st o h ot bt —n  — n — .
Qs | background for yy —m most accurately !

EMeV) |

measured from the same 240 pb-! sample |

Federico Nguyen 14
04-17-2012




o0 @
3jo/) ) [(Ne

* e'e—>ny->nnnly: 3 photons £

Measurement of gggjﬁ;? ny) @ 1 GeV
//";;\(\ISN 3

!

a ) ~ 1
— pion ID ’,,f""’:r SCO“ ac 0-\“-\ \N\-\Y\ b - Yy A
— kmematl: W" . d\e“g N eoc‘(\ ? . - ®Y h
from =~ \(\O\j e\ . B\ N - o
‘; ‘\0‘\0’ - \\“(\\ 0 d\)c . P Il
= AN 5@/? W -
o(ee— n%‘,} 20 ‘)‘O . of 1 \ing 0“’ M “
kN . AeC eC = : Ny
I Uit P B ;
3.5 - \ $\/O€ I r}/ / .“‘L\«rw"’" |
- v n—> 7N s“"” o ._..mﬂuﬂﬂ,.:. el
3 g 050 100 150 200 ZS(I) 300 350 400
2.5 1 A n—> 1’7, SND E~ (MeV)
: * In agreement with the result from
[ = KLOE Preliminary Result
* } N ->n’n’10 : 6y with imposed 7,1 + miss. E
1.5

o(e*e—> 1y, 1 GeV)= (0.875+0.018+0.035) nb

* preliminary

OS85 o™ T o0 ' background for yy —n most accurately !
) | measured from the same 240 pb-! sample |
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Scalar mesons: yy widths to infer structure

1000
800
600
400
200

1100
1000
900
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700
€600
500
400

M (MeV)

———

-
T - - -

|

* What structure?

qqqq states

(Jaffe, Achasov et al., Maiani et al.)

VS.

* Is 5(600) the lightest scalar meson?

/fm

KK molecules

~ 4.5 fm

0 + + | (Weinstein-Isgur, Close et al., Kalashnikova et al.)

Federico Nguyen
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Searching for yy — o(600) — 2x°

n*n~ harder than a®x channel:

1) yy — n*n background (need robust
particle ID)
2) background from vector

0025 | RN

| states
I'(yy) keV
composition predictions author(s)
(T + dd )/ V2 40 Babcock & Rosner /3
ss 02 Barnes /4
[ns][ns]. n = (u.d) 027 Achasov et al. 12
e 76
K 0 f Barnes s
022 Hanharteral. '’

do/dW (pb/MeV)

0.2

0.175 E /
0.15 - / ' 13 MeV,
0.125 s

0.1}
0.075 -
0.05 |-

I(yy) = 1keV

%00 300 200 500 600 700 800 900 1000
W (MeV)

F.Nguyen, F.Piccinini & A.Polosa

o(yy — o(600)) o< I'(a(600) — v7v)
from the radiative width
— infer the structure

Federico Nguyen 17
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Search for yy — 2n?

250

— yy pairing to 2 pions, x> <4
— 4 photons and NO tracks 228
- pr(4y) <120 MeV =

(MeV)

”

=
125
- %4,/ Teao> 075 "
75
- promptness enforced (¥, cuts) 50
25
1800 £ M L Yo 25 50 75 100 125 150 175 200 225 250
E RMS Q.1545
1600 | ALLCHAN  0.2478E403 M MeV
100 £ —~ 250 g vy )
1200 [ E
300 | data = 3
600 [ = 1BF
400 | E 150
200 F 125
0 o 02 o3 s 05 08 07 o5 05 1 ' il
75 F
F Mean 00248 50
1400 RMS 0.8245E-01 25
- ALLCHAN 9899. 0E....I....I....I....I....I....I....l....l....l....
g 0 25 50 75 100 125 150 175 200 225 250
1000
i Myy MeV)
600 - .
w | signal MC — Z4\( / ZCALO
200 -— .
\ L Federico Nguyen 18
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Search for yy — 2n°
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8090 events after
selections | | ¢ o(mb) |n=_Loc
Pkl KsK; 75x107% 1.28 2328
2 RELIMINARY ! KK, n—3r® 28x107% 0284 | 193
S 300 - { wd 14x10% 0.55 1867
=~ + . . foy 29x1072 0.17 1204
= | ’ Wit agy 58 x 1073 0.11 155
==L "y 2% 106 360 175
| B 5922
200 | ( Data 8090
[ |
150 - IT Expected values
s [ ﬂ O(2000) candidate events of
| il yy—n’n?, evaluation and
o | H + interpretation of the cross
! section is in progress...
4 + =i e ’U{L‘-{j{: B et ] 4
0 N =y et e S e e N et

200 300 400 500 600 700 800 900 1000 efforts focussed on checking
M, (MeV)
: the K K, peak on data

Federico Nguyen 19
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Control of K (— escape) Ks(— 2n0)

A clean data sample is obtained performing a kinematic fit with the

6 constraints and cutting on the resulting x?:

My = M= 497.614 MeV
* Muiss = My
* R, = ct, for each gamma

Selections:

v X% <12

V X% < 4

v 4 y only and no tracks
v 48 < Pys < 51 MeV

v szin.ﬁt <715

KL

Distributions in x2,;, ¢ (all other cuts applied)

¥ : is) 101

E e Entries 25785

paa 3 Mean 1404

C . EMS 1433

800 . UDFLW 0.000

C - OVFLW 0.1471E405

ALLCHAN 0.1108E+405

0 45 50

¥~ Kinematic Fit

D 102
Entries 655877
Mean 6.161
RMS 4.203
UDFLW 0.000
OVFLW 3986.
ALLCHAN 0.6519E406

PRI PR S i IS T AT T R A

MC KK,

| IS BT A

25 30 35

Federico Nguyen
04-17-2012

40 43 50

;(_2 Kinematic Fit
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Control of K (— escape) Ks(— 2n0)

& e data O Normalized MC
e [ — s D 205
2480 Enmies 7240 - Entes -"35§
& | Mean 492
) }l ne o | 1000 T RMS 08972
Efoo i UDFLW 0000 - C UDFLW 1.000
E : OVELW 0000 i OVELW 7.000
-‘§ P ALLCHAN 7240. & :# ALLCHAN 7844.
380 - ) o
ﬂ : $ )
“F ¢ |
G Jr t =T 4 1
wf Pt
i (o %
L ) 400
P ? g
o X f by
: +’F 2 T O
“F (‘[ A}% - @ &
0 RIS W Bl T LT PO I I Q.|...x.%t~
300 380 400 480 800 £80 600 680 700 780 800 40 42 4 46 48 50 82 4 56 &8 60
m, MeV) P, (MeV)

4y invariant mass (MeV) Ks momentum (MeV)
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Control of K (— escape) Ks(— 2n0)

2 o R K'.‘KU
T : : 10000 =S —
1) we are finalizing estimating oSND2006 -
: |Fya(s)? 'SND 2001
evaluation of the G(KSKL) @ 7\ unconstr.

1 GeV (not presently
available) and the data/MC

correction factors

\ constr, =~

1000

2) as a by-product, we are able my

to measure o(K<K,) at

different energy scan KLOE
points with int. luminosity
O(10 pb!) each one

10 ' x ,
1 .01 102 103 1.04 105

\.""; ( G e Vr )

H.Czyz et al., PRD 81 (2010) 094014
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Conclusions

v unambiguous signature of both yy — n and yy — a’x’
events, without any tagger and at Vs = 1 GeV

v’ yy — 1 observed through the e*e— e*e n process,
with the n — n*xn® and n — 3x° channels, preliminary
results agree within 1 standard deviation

v' an exploratory research shows a structure (~ 2000
events) in the 4y invariant mass, where the process e*e-
—e'e’ 0 — e'e n'n’ is expected

v tools ready also to measure the TFF |F, (Vs)| and the
neutral kaon electromagnetic FF |F e (Vs)]

Federico Nguyen 23
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Conclusions

v unambiguous signature of both yy — n and yy — a’x’
events, without any tagger and at vs = 1 Ge*%,

¢
x 0
"’fsub‘“\ \c ess,

v yy — n observed throuygk 3
C\\@c\‘@

with the n — n*g=-

we = e
\\ Q\)b\\c \ \\ CO‘\O\,/,
v an expl ve&“%s’hows a structure (~ 2000
events) in Mvaman’r mass, where the process e*e-
—e'e’ 0 — e'e n'n’ is expected

v tools ready also to measure the TFF |F, (Vs)| and the
neutral kaon electromagnetic FF |F e (Vs)]
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the complete 4 body simulation, EPTC47 (2006) 65, is compared with
the Weizsdcker-Williams approx. (head on collision of 2 quasi-real yy)

A. Courau & G. Pancheri, The DA®NE Physics Handbook, Vol. 2, 1992
e’ /9

-
P — . . e . e o

Monte Carlo simulation

—m0
o »—
q?/s =0 O
both photons ™ )
| O s o= <
F(cht) = fo @de // e'
100f— — = A
- L E — full 4 body
- - — Courau
80—
60—
i - MC Courau
40 E - MC from Uehara (Belle COLL.)
B - MC Nguyen-Piccinini-Polosa
20—
—I D! I s | l R R I e l B 1 I (VA I S ) I 111 I I B I 1
9= 20 40 60 80 100 120 140 160 180 25

6_. (degrees)

cut



Medium term plans for o(ete = ny)

» 2001-2002
« 2005-2006
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