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N mass — present situation &
S0/ [4Me
I A |
From PDG 2007
ABDEL-BARY (GEM) 2005: Phys. Lett. B533, 196 | . ... -c0 averace
missing mass in pd %X(T]) 3He+ 547.5110.18(Errorscaled\fy 5.8)
LAI (NA48) 2002: Phys. Lett. B533, 196
measurement using the n—3n° decay; /\
KRUSCHE (MAMI) 1995: Zeit. Phys. A351, 237
Determination of the threshold of the reaction
YP— NP
PLOUIN (SATURNE) 1992: Phys. Lett. B276, 526 .
same of GEM +|------|-{ ABDEL-BARY 05 SPEC 225
- LAl 02 NA48 42.3
DUANE (Ruther. Lab) 1974: Phys. Rev. Lett. 32, 425 R B et G
Missing mass measurement in the .| DUANE 74 SPEC _ 0.1
reaction p—nn (Confidence Level %%%1)
|

546.5 547 547.5 548 548.5

More recent measurements:

n mass (MeV)

KLOE (2006) Acta Phys. Slov. 56, 403 (Eta05)
MAMI (2007) presented at Eta07 (Valencia) CLEO (2007) PRL99,12002
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If the world were simple...

Selected sample:
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The n mass could be evaluated
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Our technique

a) Measure the energy, position and times of the photons in the calorimeter;

b) Measure the mean energy, momentum and vertex position of e*e- beam;

c) Perform a kinematic fit imposing the following cgnstgints:
1. B.(1,2,3) =1(t r,,lc=0) 2.E, =E,, p,,= P,

123
t  Z=1(tt) t=at,+t)  t,

1
g

XY
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Kinematic fit effect

Photon time of flight constraint 4-momentum constraint improves
improves resolution on z the m_ resolution

o= 39 MeV/c* no fit
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Event selection

I
3y final state

O — mly (no —YY) ®° mass

O—>mny M—YyyY M mMass

Selection

At least 3 photons with the requirements:

« [t —r/c | < min(50,2ns)
e 50° < 6y< 130° (barrel)

» the kinematic fit is performed on all combinations
and the smallest (2 combination is retained.
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B. Di Micco Precise measurement of the n mass and 7/ n ' mixing angle




Energy and Vs 5

Energy absolute scale and

> - o g
CO linearity checked with 2 samples
a0 linearity better than 2%
35 oF Wrs‘—_o::e:e; scale better than 1%
5 300 _ 1_ =
: S
"m0 -2f o n mass om/m  (6m)
2 =3 %kj: Tnon scale 8%x10° (4 keV)
150 -4 F . o
. 5’*..... linearity 7x10° (4 keV)
. 0 50 100 150 200 250 300
50 50 100 150 200 250 300 350 400 450 500 E (MeV)
Em.i.ss MeV ( ) !
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1 3 500
o
= 05 | 1 250 The Vs sets the mass scale.
o3 o L 1o S'  Careful evaluation of the absolute
g > scale and ISR corrections.
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ISR correction

s s’ 0 ,,,f//

The energy available for the ¢ decay is lower than the e*e

beam energy.

It produces an important correction A to the measured n

Mmass.

The correction has been evaluated on MC and checked with
DATA as a function of Vs
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\'s absolute calibration é.

The +'s is measured run by run using e*e” — e‘e” @ T, > 50" (~ 40,000 each 2h of data
taking)
The absolute scale is determined fitting the e*e-— K K, cross section

(0 line shape).

1

The fit takes into account the ISR effect and the
phase space factor of the KK couple.

The fitting function is the same used by CMD-2 at
L VEPP-2M.

0.8 -

cross section ( ph )

0al We obtain: m, =1019.329 * 0.011 MeV
To compare with:

o m, (CMD-2) = 1019.483+0.011+0.025 MeV
0 1013 1025 1023 1030 Phys. Lett. B508, 217

W (MeV)

VEPP-2M very good knowledge of beam energies through resonant depolarization
technique.

The ratio m, (CMD-Z)/m¢(KLOE) is used to set the absolute Vs scale.
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Cluster and vertex position determination

<
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Q e
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Systematic effects due to
single module displacement
are evaluated studying the
spatial dependence of the
measured value.
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Systematics and time dependence

Systematic effect

The systematic error has been evaluated for
m,, m and mn/mno. The main effect coming

from the module by module alignment.

The parameters of the machine and the
detector calibration is performed run by run
with high precision, the value obtained in

Vertex position
Calorimeter energy scale
Calorimeter non-linearity
0 angular uniformity

¢ angular uniformity

x? cut

Line cut in the Dalitz plot

ISR emission

different run periods are in perfect agreement.

Total
547.9 547.9 547.9
S547.85 547.85 547.85
miF g ]
2 5478 ) — %[ | 2 5478 ) — %’ | 2 5478 — f |
[ [T 1 [ I I [ [T 1
| | |
& L] & (1] & P T
547.75 | | 547.75 | | 547.75 [
R RN I v v o T s B o o e S 2 2 o
Run period Run period Run period
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Results

Fit results

T 4.0610 4 0.0004(stat.) & 0.0014(syst.)

mo

Value Error | x*/n.d.f | C.L

m, | 547791 keV | TkeV | 6.9/7 | 45%
mao | 134886 keV | 12 keV | 7.7/7 | 34%
’JT?,?-,,/"FT?J,;rr 4.0610 0.0004 8.9/7 26%

To correct for the Vs scale we compute:

m_, (PDG)=134976.6 = 0.6 keV
m = 548140 = 50, = 190 keV

T 0.537403 + 0.000007(stat.) & 0.000026(syst.) & 0.000006(my  stat.)
Mo
T 0.132328 + 0.000012(stat.) & 0.000048(syst.) = 0.000001(m,, stat.)
My

Using: m (CMD-2) = 1019.483+0.011+0.025 MeV

Mg, = 134.906 4+ 0.012(stat.) + 0.048(syst.) MeV ~ 1.4 ¢ from PDG
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Updates on the n/m' mixing
angle and ' gluonium content
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N,N': mixing and gluonium

The m,n ' mesons wave function can be decomposed in the quark mixing

base as in the folowing.

n")=X,lq@)+Y,s$)+2,1G)  In)=cos¢,lqq)—sing,|ss)  |qq)=LHID
X, =sin¢ pcosep 2 3
Yn’:COS¢PCOS¢G R¢ = (¢ —n }’) COt (bp CcoS ¢G( S . : ¢2V ) .(pn')
Z, =sing,, r(¢—ny) m  sin2¢,| \p,

$,w—¢ mixing angle

Comparing with other decay rates using SU(3) relations and neglecting the

gluonium coupling t(()) the final state:

8 2

(n' ity 5X + \/Ef—q vy Parameter fq fs Cns Cg
I(m'>yy) 9im, S : Value 14£0.01 1440014 0.91+0.05 0.89+0.07 1.24+0.07
I'(n'—py) _Chys :%(mfl,—mim(U e
I'(w—m’y) cosgy mi—mimn, d
I(n'—wy) :;(miv—m m | [ X, 427G, any 2 C.=(qglu) —(s3|s5)
I'(w-m"y) 3\m,—m.m, . vt
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Br(¢p—n "y)/Br(¢—n 7) PLB 648 (2007) 267 (flW

S0/ [4Me
I
427 pbl (01-°02 data) Decay channel topology
N(Mny) = 1.665x10° (no bck) n'—= 7w 1 1nn-=> 3n°

n' = n°n’n, N> 1t o
N(wm7ys) = 3750160 (N,..= 345)
Y beke R, = (4.77 £0.09

+ 0.19__)x10°

stat. syst

N(n y) = 3405 = 61stati435yst Dominated by the n' Br uncertainty

'Using PDG BR(¢—ny)  Br(¢—m'y) = (6.20 = 0.09__ =+ 0.258yst.) X107

1200

dN/dM

1000 - In perfect agreement with previous

KLOE result Phys. Lett. B541 (2002)
n' -1 nmn-v (~20 pb?)

R=(4.70£0.47 ,, +0.31, )00~
4 BR(¢ - n'y) =(6.10+0.61+0.43)10°°

880 900 920 940 960 980 1000
Mr*r 6y (MeV)
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n” gluonium content
PLB 648 (2007) 267

I
Fit results: ¢,=(39.7 + 0.7 )°

[0,] = (22 £ 3)

sin“g,=72=0.14 £ 0.04

49% C.L.
Assuming no gluonium (Z=0) |
od L 0.3
\ - 0 C :
>__c 15 F(n—>pv)/F(c-;—>n ¥) KLOE R¢| 00 F o Ty Ty 25 o
T —w)/T (") - 02 f
| [Tty 1% C.L. Rl e A
. N 0.7 F w=- Rq) 01 '
005 F I
0.8 | 0.6 F —TM->onTe->my) o
e, e
06 |
i z
0.4 |
02 | (I)
[ ‘
R B R s W L1 PP I PO PR S P LIPS IPEPEPE PRI P
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n” gluonium content (updates...) ! =F

Using Br(w—n"y)

wop = 8:40£0.19 % (hep-ex:arXiv:0707.4130)

(see De Santis' talk after cofee break)

¢»,=(40.0 = 0.7_)°

10,] = (21 = 3)

0.8

0.6

0.4

0.2

C.L 55%

sin®0,=72=0.13 £ 0.04

= (1) T = p¥) /T aos(0 = 7°y)

- (2) T(n = 9)/T(n° = 7y)

- (3) T —> wy)/Tao(w —> %)

0 K
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1.2

Xn'

CJ/C,=1.0£0.1

Other approaches

Using only VPy
transitions
22=0.04£0.06 (1 25 from KLOE)

Z?= 0.19+0.11 Pryy transitions .

Thomas: CS/CNS = 0.90£0.02
arxXiv:0705.1500

Escribano: CJ/C,s = 0.9240.07 Using only VPy

transitions
] 2 — +
JHEPO0705:006,2007 Z%2=0.04 £0.09 (16 from KLOE)

Stability versus C,,C,, C./C . checked.

Results always stable (gluonium content at
10%) if Pyy coupling included in the fit.
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Conclusions é.

S0/ [4Me
I
| MasSsS
¢ We performed the best measurement of the h mass; q
¢ If the MAMI 07 result is confirmed only He based v
experiment are at low mass value; oo KLOE 2

¢ Possible explanations:
-~ common systematics not correctly evaluated?
-~ anything interesting in *He physics ?

0.18

n/M' mixing angle and ' gluonium content 7T &

7N mass (MeV)
 In our phenomenological approach a gluonium content at 3¢ level is observed;
 The result is stable against wave functions overlapping parameters;

* The ' —>yy partial width is the key point of our approach

- Stabilize the result respect to the overlapping wave functions parameters;

-~ strongly constraints the gluonium component.
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Backup slides
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Stability versus overlapping parameters é.

I
z_ and z_are taken from a fit of existing data without assumption of gluonium

We investigated the dependence of the fit result from the z, and z,_ parameter.
KLOE zZ, = 0.91£0.05 z =0.89+0.07 z,(Escribano) z,(Escribano)

0.9
Escribano z, = 0.83+0.03 z =0.79+0.05  Z,(KLOE) 2,(KLOE)
= 50 F q) — o 50 : ‘ o S0
45 F p 3 i
wE_ L o o 2 o (I)p 455 (I)p
g 40 | S 40 | e
35 b r - F -
30 b 35 | 35 |
a5 | 30 f 30 7 FIT C.L (%)
b -t 25 | o 25 |
15 — q)G 20 _ -7 dl - 20 7 25 -
10 15 [ - ¢G 15 7 (I)G
5 % | 1 1 1 | | L 10 i_ 10 2_ .11 ) -
%5 06 07 08 09 1 11 12 13 SE St 0
Z %5 06 07 08 09 1 Ll 12 L 0702 04 06 o8 1 12 14
q Ve Scale

The gluonium is sensitive to a scale factor variation of both overlapping parameters.
But to reach the null value we obtain meaningless y? values
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Constraints variation with the scale factor.

22

1
» - .I
o ~ o
0.8 p Yl M =)/ 1w =) 0.0 E.. Y1 [y —>p)/rin =97)  Rafel 01
0.8 [ --Y2Tlr =) /Tw—>n"p) Rofel 37 X 2q/Z8 = cost.1
T F Zq=0.86 0.8 k- - Y2y —>ay)/Tlw—>7n%) Scale=0.80
0.7 | -==Y3 M=)/ Tlep—>n0) Zs = 0.79 i
- 0.7 F- -3l —=09)/Tlp—>ny)
0.6 £ — 4 M —>wy)/Tw—>ny) i , /Ho=>r)
Fess —_ YA (= Mw =
05 [, 72=0.12 0.8 e n' = wy) /T —>n"
- 05 3,
: 04F TR,
: 0.3 F
1k 0.2 f
ok PACSHN GNEN L 01 F
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Pe 030 32 34- 35 38 4D 42 44 46 48 5O

Pr

Not including I'(n'—yy) makes the fit much more
sensitive to the overlapping parameters.
The n'->yy constraint makes the fit more stable.
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