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An outline (from experience at low energy...)

» main motivations and recent results:
where to improve...
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Recent results
with PS mesons
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PseudoScalar mesons: yy widths

Nete—mete-x = Lee/

dF

ma yy—X (W ) AWy,

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

2
O, .x (4,,9,) < Xeyy —5((% + Q2) - M}z{ )‘F(qf,qi)‘

absolu’re measurement: either your
decay channel is X — yy or must know
BR(X—f)... often the limiting factor
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PseudoScalar mesons: yy widths

dF

ma yy—X (W ) AWy,

Nete—mete-x = Lee/

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

817

2 2 2 2
O‘W%X (qqu) X FXeyy M 5((611 + Q2) - MX ﬂF(% ,q2 )m
X
absolute measurement: either your
W g decay channel is X — yy or must know
_-tf‘:_:v*(ql) BR(X—f)... often the limiting factor
|L/_ —\;&— pPs spectrum measurement, as a function
\—/ of a single momentum transfer, fixing
,,-fin*(qz) or integrating over the other one
I i 2-dim PDF not yet measured
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PS mixing angle and the gluonium in n/
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PS form factors: from models to the (g-2), saga

2
o = m
important to test phenomenological PlkskS) = Y A-g =y
Vo BT« WL ¥
models, more or less QCD/ChPT e.g.
inspired..., but impacts also the (9-2), (R K2) = mi — 4_7'_z. (k% + k3)
' (m2 — Al )(m2 — k k3)
from F.Jegerlehner & A.Nyffeler, Phys. Rept,477(2009)1
Standard model theory and experiment comparisoen [in units 10~ '],
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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PS transition form factors: L-by-L

Contribution N/JN
7%, n,n' 99+16
7w, K loops —19+13

m, K loops + other subleading in N, -

axial vectors 22+5
scalars —-7+2
quark loops 21+£3
total 116+£39
LbL:had e
a, x 1011

FWO*";"'*";’* ((ql 2 qQ) s 4715 Q,z)
* not clear how to constrain contributions from
data

* pseudoscalar pole contribution dominates, many
theory approaches, perhaps a cleaner

case w/ only 2 independent scales, F(mp<?,9:2,9,%)

Federico Nguyen 8
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An example: «® fransition form factor

.)F
: , 2 2 qy  “fw
Brodsky-Lepage QQ}PN F royny (M, —Q7,0) ~ 02
(pt) , N 1
Axial anomaly Ql;n_l'l Fronsry(m2,—Q%,0) = TR
. _ 7 0.30 e I
= —(pp — p1)?2 = 2EyE; (1 — cosO)
O CELLO
Q2 > 0 # CLEO
L |
_ 020
— ° * 421
% T ————
o H+ ++ *‘F £
: AV ik
q v 0 R
0.10 |- =
f’a‘
g < fi
et /
0 — ‘2!5. — '25.0'2 I ‘7I.5‘ ‘ 10.0
well known asymptotic limits from 15t principles, @ e
how to interpolate? what about n, n' ?
Federico Nguyen 9
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An example: «® fransition form factor

Q* >0

Brodsky-Lepage

Axial anomaly

Q2 - _(])b o ]-)f)2 — QEbEt (l — COS@t)

o) w0
g ~0
- -
€+ €+

ho longer known asymptotic limits? anything

missing? what about n, ' ?

o ’ 9 o
im  Fro«,(ms, —Q%,0) ~
Q2 — o0 )

2F,
Q?

1

lix f*r A A -Qq—>—)2.0 e
Q?EU ey (Mg, —Q*,0) 1

m2F,
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QH(Q") (GeV)

Measuring  and n' does not clarify

03 ———————T——————] = 04
| YY—n 2
'i\'_)f 0.3
02 I= = rEL
_4_: #— o
| + + | 0.2
Y. ’ ‘
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A CLEO preliminary
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0 l ! | [ S o= 0
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= | ey
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good agreement with CLEO in the overlapping regions, but...
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D°IF (nyy)

Measuring  and n' does not clarify

E ; more
different = 0.201 :
‘ { - | measurements
toti :
dymptotic L of the whole
behaviour s o iz 5
> B : spectrum are
— LMDs : useful

III} :

Q°IF [(mn ' »y
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Low Q? region unexplored, so far

the region relevant to the g-2 is Q<1.5 GeV for the 3 lightest PS mesons
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Recent results
with scalar mesons

Federico Nguyen
30-05-2011
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Low mass scalar mesons: puzzling since the 70's

Maiani et al. :: A new look at scalar mesons as 4q structures - PRL93(2004)212002
"t Hooft et al. :: A theory of scalar mesons - PLB662(2008)424
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5 (r»7070) (nb)

=

ger efficienc

i

Tr

Recent measurements of yy — nn

160 " Belle | cos?¥' | < 0.6
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05 E H
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0.3
il cannot reach the low mass region
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0 1 2 3 4 Federico Nguyen 16
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5 (r»7070) (nb)
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Recent measurements of yy — nn
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fantastic measurements that
cannot reach the low mass region

for trigger efficiency
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Searching for yy — o(600) — 2x°

® Crystal Ball, PRD41 (1990) 3324

e ) :
nt~ harder than x%%0 channel: > o with BES values

. ChPT
1) utn~ background (need robust » 2 loop xPT P
[ o (nb) Pl
particle ID) i
14|
2) sizeable continuum yy — - 12| T ’
: 10t S e, O T S e '
at tree level in QED ol ¢+ +‘ s
A e &
a(yy — 0(600)) o< I'(c(600) — yv) 2 Oy i
1| AP , i
[C(yy) keV 300 400 500 600\ 700 800
W, (MeV)
composition predictions author(s) Resonant contribution YW — G — 1O 0
Gau +dd )/ V2 40 | Babcock & Rosner 13 Eur. Phys. J. C 47, 65-70 (2000)
F.Nguyen, F.Piccinini & A.Polosa
55 02 Barnes 74
[ns][ns]. n = (u.d) 027 Achasov et al. 12
KK 06 Barnes /0 __ from the radiative width
022 Hanharteral. '’

18
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Current activities: for example
KLOE/KLOE-2

Federico Nguyen
30-05-2011
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Measuring yy @ KLOE

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

No tag

vy — 7t°nd — 4y

v — M — ntnn’ — 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



Search for yy = n —= ntann® @ KLOE

BR(n —» 't n) = 22.73% 2 photons + 2 tracks with opposite charge

i (P - pmeas )2 . , :
Z (4 i ) _|_Z /.fC](‘IDIk]D::S)

Xn = >
. . 0.
— Yy pairing i
— charged pion ID m?, =m?,
: L 5
- kinematic fit, m?,, . =m?
= Mpiss® vs p fits t -|r,|/c=0 for2y
. . 2 172
_ only irreducible background M2, —s+m2—9/3Ey ( B ng_)
. ™miss n E
is ete” = n(— wrmnw0) v, 2T
- ’:{3+m2—2\/§ET]_ \/gp_L
/77N n ET
n< P >
I'd
~ E, ~ 350 MeV ~ p,(n)
Federico Nguyen 21
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Search for yy = n —= ntann® @ KLOE

N
“‘E;\§l X /d-0.f.=75.9/83

100
\¥
?Qj,\» - .
o | or
wf M | |
; | o
“r 1l | i
of |k l 1 40
205- |I ‘ }l ]l I i
ﬂ | Ly ply “'i *
10 [j g T |
j _I,‘J-'.__, ,J[-'{ﬂ e
© "400 300 -200 -100 © 100 200 300 400  °
» P, (MeV) M, X(GeV?)
Signal 1] 0.196 N(data) after cuts = 1576
1y 9.1 x 1073
wm? 6.5% 107>
ata—a? 1.5x10°° =6
K+K~ 1.9x107° n, = 050
KsK;, 26x107°
ete y O(1071) Federico Nguyen
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Search for yy - n — 3n°@ KLOE

BR(Mn — 3n°) = 32.57%

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

400 - MCe*e2ny

Eyl( MeV)

350 -

300 -

250 -

200 -

:‘h\\\\\~

Selected

150 | events

6 photons and NO tracks

3s0

300

250

200

150

100

50

RO WA P | ik aeils Lt 0
0 s 0 15 20 25 30 35 40 45 =0

y

T (Pz— Pimeas )2
An = 2 o’

z

Y, SR B

28 ——yman
mGYmn

t-lr,|/c=0 for 6y

only ircedueisi€ background

is ete” = n(— 7O nOnO) v,

Federico Nguyen 23
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100
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40

%.

e*e = 0(—=n%)T0—=5Y+Y, i

\
. ,EREL\N‘" | 1[ 2. /d.o.f=56.9/46

120

20

Search for yy = n — 3n°@ KLOE

2725 data events after all cuts

signal

005 Ol 015 02 025 0.3 035

”(GeV')

0.1 -0.05 0

IlllS S

from the fit:

o (nb)

from the ny events in the fitted
spectrum:
o(ere— 1My, 1 GeV) =
0.875 +£ 0.009 nb
(statistical error only)

4
35| A n =2 e, SND*

s Y n->merene, SND*
25 l n = e, KLOE

A *Phys.Rev.D76,077101(2007)

, }
15 | |
1 A
NA
| preu!
0.5 o il + T
T, WA
%50 960 970 980 990 1000 1010 1020
Vs (MeV)
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Search for yy - n — 3n°@ KLOE

MC contributions normalized to the
cross sections obtained from the fit _

signal

0.03

0.025
0.025

My
x0T
W, { |

0.01

0.005 0.005
o . 0 w_ csctetherttnar dolbttodncetd ! + [RrS —
60 80 100 120 140 160 180 200
P, (MeV)
Federico Nguyen 25
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MC simulation of yy — o(600) — 20

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.
P ———— . . . e e e e e o o o o

|
o >
q?/s =0 O
both photons ™ )
| O s o= <
FO,)= [ "-—d6 e P
0 de
100|— e o L
E 1 = — full 4 body
g - — Courau
80—
60— f
M | - MC Courau
40 E - MC from Uehara (Belle COLL.)
B - MC Nguyen-Piccinini-Polosa
20—
_I I B 8 l P i | l RN I e et l R | I ket l 111 1 |8 A I Lt I 1
8 0 20 40 60 80 100 120 140 160 180 26

0, (degrees)



— vy pairing to 2 pions, x> <4

— 4 photons and NO tracks

- p1(4y) <120 MeV

- 24y / Zeao>0.75

- promptness enforced (¥, cuts)

1800
1600
1400
1200
1000
800
600
400
200
0

1400

Search for yy — o(600) — 2n? @ KLOE

£ Mean 0.807¢

e RMS 0.1545

:_ ALLCHAN 0.2478E405

2 data

PRI SO IY ORI DO IRNS] | areisatl gy g D Rar pog S mgring g
0 0.1 0.2 0.3 04 0.5 0.6 0.7 08 0.9
r Mean 0.9248

~ RMS 0.8245E-01

o ALLCHAN 9899,

2 .

- signal MC

. R S

0 0.1 0.2 03 04 0.5

(MeV)

h'a'
‘i

M

250
225
200
175
150
125

250
225
200
175
150
125

«— 24/ Zcao
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Myy (MeV)
é....l....l....l....l-...I....I....l....l....l....
0 25 50 75 100 125 150 175 200 225 250
Myy MeV)
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dN/dM,, (10 MeV)"

Search for yy — o(600) — 2n? @ KLOE

8090 events after
selections - € o (b) |n=Loe
3s0 - g i KsK; 75x107% 1.28 2328
SRELIMINAR " KK, n—3r0 28x10~% 0284 | 193
300 | { wnO 1.4x 102 055 | 1867
JI . . foy 2.9%.107% 0.17 1204
i L ’ Wit agy 58 x 1073 0.11 155
=0 - vy 2x10°% 360 | 175
B 5922
n { Data 8090
L |
150 - T Expected values
T 1 O(2000) candidate events of
o | i yy—n'n°, evaluation and
o _ + interpretation of the cross
I S = nio . section is in progress...

200 300 400 500 600 700 300 _‘4900 1000
M, (MeV)
i
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KLOE-2 plans

Detector upgrade for the first KLOE-2 run :
2+2 detector stations for leptons in e*e—e*eyy —e*eX

LET (Low Energy Taggers) are LYSO calorimeters placed inside KLOE
HET (High Energy Taggers) are scintillator hodoscopes placed 11 m from the IP

HET: e= of 425-490 MeV
LET: e* of 160-230 MeV

Federico Nguyen 29
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vy Physics @ Super-B? so nice a
product: “incredible cross section”
x "incredible luminosity”

Federico Nguyen
30-05-2011
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General considerations on yields @ Super-B

Lee = 50 ab_l B
running @Y (4.5) Nete-ete-x =
Lee / %aw—»x (Woy)dW.,,

N’ £,(980) , a,(980)

b= (T(4S)) ~ O(5nb)

‘

1000 2000 3000 4000

WW (MeV)
1 20\ 2 Ey 2 o o 1 9 x A%
— == | — 2“4+ 2 ——(1—=27) (34 =7 z=—
dW W ( s ) (ln me> ((, +4r z W=aliionr )> 2F),
Federico Nguyen 31
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PS meson production: flavour factories comparison

160°T x BN o . . /(¢
Octe——ete—X = 2 3"\ — (ln b) ((y2 1i2)? Il y?) (3 —I—y‘?)) Y= m__\—/(.ZEb)

my M Yy

gt gerasp [pbl even at equal luminosity... high Vs matters!

Vs (GeV) | ¢ | J/ib | T(4S)
w0 261 | 638 | 1283 .

45 | 27¢ I 78 l Oct+e— +e—mn’
n 45 | 279 31 800 [ oo Tee 71/ ..............
D C D/ 'r ( 2) S S
1 8 | 245 028 oot
1n(1S) - | 02 3.6 100 | > ete— —ete—n

200 il
flipping of the n-n' cross sections, 2 1 ’ 2 \/sl(OGeV)
because phase space gets marginal
wrt the partial width: T, ~10T,
Federico Nguyen 32
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QED tests withee- —ee I'l- (I = e, u, 1)

et

T

'}’ﬁr.\": A

light (pseudo)scalar boson

€

_|_

v O(a?) tests of QED through
C P ,CP-violating asymmetries

v’ tagger providing 4-momentum of
at least 1 e+/e- is needed

v' ..away to find the "unexpected"?

- HyperCP excess, for events Z+— puu-

http://arxiv.org/abs/hep-ex/0501014

- interpretation as sgoldstino S and

possible search in events
e'e” — Se‘e”— prue‘e,
e‘e” — Se'e” — yye'e”

http://arxiv.org/abs/hep-ph/0509147

Federico Nguyen 33
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Conclusions and prospects

v important yy measurements from the B-factories, only limit
is the frigger efficiency for reaching lower momenta

v KLOE complementarity: first evidence of yy—=n @ 1 GeV in
2 different channels, O(2000) candidate events of yy — 2n0 at
threshold

v’ thanks to the high luminosity, Super-B may probe the low
mass region: final state e* taggers with trigger decision?

v’ unique opportunities @ Super-B: rare phenomena in yy
processes!

Federico Nguyen
30-05-2011
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off-energy trajectories
simulation

Q]

T mon #P: 2avad ispen X=0*

020

T L |
0t

160-230 MeV, 1'm taway from IP

xm

1 thoty DP 25mimt repet X0

10 .
a0 82

425-490 MeV, 10 m away from IP

Federico Nguyen
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Probability density
i+ T

o
-
[

© Estimated covanance of parameter estimates

.| —Fit (Normal Cistribution)
eeeeeee (1038542 points)

Dis

Loy -

Domn -Inf <y < Int

Mes 507.674

Variance: 0145297 [
Parametar  Estimata Std Er

mu 587 874 0.00037 4038

sigma 0381170 (190E0 ps]  C.000264485

mu cigma
u o 1399052007 -9.E3E01e-021
sigma -9.53501e-021 £.995242-008

i j i

Front End
Discriminator
TDC con DAQ
a 368 MHz
with ~ 250 ps
resolution

534 585 535 587 533 589
Time (1 unit - 500 ps)

g0

= pesolution which

allow clear separation between consecutive bunches.

B B,
3% B A B 0 W # ¥

2.7 ns

<+

Federico Nguyen
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PS meson production: flavour factories comparison

O€+€_—-C+€_.¥ =

160°T x ..

3
m X

2
(111 Eb) ((y“—’ + 2)
Me

Oete——ete— PS [I)h]

: ln.l —(1-9%) 3+9°)

) y=mx/(2E})

even at equal luminosity... high Vs matters!

V3 (GeV) | ¢ | J/ | TS)
0 261 | 638 | 1283 for example 4x1010n' produced
1 45 279 | 781 | final state F' | BR( — F) (%) preferable chain BR.sr (%)
‘ . ntan 446+14 atan(— 2y) o 7ta" 2y 17.5
1y 8 | 245 928 Tty 29.4 + 0.9
n (lS) 0.2 36 o0 207 £:1.2 1 (— 7t 70 & 7tr~6y 4.7
£ — . w7y 3.02 £ 0.31 w(— mtr w0y o ntr=3y 20T
2.10 £ 0.12
flipping of the n-n' cross sections,
because phase space gets marginal
wrt the partial width: T, ~10T,
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BES evidence (2004) PLB598 (2004) 149

P P 1
BW, = mo.!—s—imgl"g

I's; is a constant

N’Q\ . r : \h Lnunues 45(15:: B“'O' 2 rng—s—il\/EFg(s)
= o = T = 2./ Tom3 ’
é ’ 5 '1;: '\’.“;‘,’ e — Lo(s) = 9_*_%8_
' 7 = e -
s P @ L "j‘u, JAp — 0wt BW, = ———1
= er g e ey Ly(s) "‘:/—%(3)
B A s)=ay/§—m2
. | T o T
r . W ( Br o 1
. . 4l 'ﬁ'";;. A-"TT.'- : BW, = mz—s—img(C1(8)+T2(2))*
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