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Outline

* 1 Mass measurement @ MAMI-Crystal Ball

* n—>31° slope new measurement from CB@BNL, CB@MAMI,
and WASA@CELSIUS;

* n—>m°yy measurement in progress @ MAMI-Crystal Ball;

*n—>ete xt r~ from WASA@CELSIUS
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7 mass measurement CB@MAMI

* I} production threshold measurement from yp—pz.
* The mass of 1] is calculated from relation:

—_ 2 y
m, =-m,+ mp+2mnp—

where m | is the proton mass, E"" -
measurement)

thr

C2

production threshold (the
RTM 3

B=1.3260Tx 0.13 | _
mT By =

AE=~781+ 002 >~ 751.649 + 0.107 MeV
MeV
D,,= 376845+ 04 |~

\\(((( mm
N ; N Extrapolate to end energy:
E = 883X+ 0.16 MeV (FWHM)
E,= E.+ z-/AE z= 90 E_= 180 MeV Tgout = 68 keV
|
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y energy determination

The photons are produced by the bremsstrhalung of bent electrons.

Coincidence * The energy E, of the photon is
Electron Ladder ' Primary det : d Ey . — .
e Focal Pla ' | Beam etermine y: Ey - EO Ee—
=T | 2 _ 2 2
- O-Ey - O-EO + O-Ee—
Mic — _ —
roscope DETECTOR O-Ee- = 0.27 H ch = 78 kev OEout ~ 08 kev
o Electron / Y Colimator o(threshold) = 103 keV
Radiator “ammmm® Photon E., Target G(m ,’) = 65 keV

Direct calibration:
position of the MAMI electron beam for the energies E, = 180.1 MeV, 195.2
MeV and 210.2 MeV using (B, = B, = 1.049T).

Scan beam through microscope varying the dipole field: a exp
Increase tagger dipole magnetic field B_,, in small steps. Ee— - Eo X—

B
Measure new electron beam position supposing equivalen electron beam ca
energy for a given field setting B_, :
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Crystal Ball/TAPS detector

Particle ol e
identification rystal Ball __ =

672 Nal detect

detector %
. ."(m il Al

Crystal Ball detector:
- 672 Nal crystals

—
=
7

i

- measures E and O,

S . —_—
+ 0 -
EI’] N Zy (3943 + 026) Y0 I 3ok Mean = 568 MeV
M - 31° (32.51+0.29)% ~gigma = 20 Mev
3 10 Mean = 138 MeV~
© mf Sgma= 8 MeV =
- 11 mesons are identified via their i
uncharged decay modes. 107
- Events with 2 photons and 6 e
photons (with or without proton) ol
are investigated.
00000500 400500600 703 800
Invariant mass / MeV
\
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Estimated error and informal
expeclation

Fit function: f(X)=a,+a, x+a, x>+ a, x®

13 keV uncertainty from fit
range variation.

65 keV from MAMI and
tagger calibration.
Selection systematic to be
computed. Informal

(they find an high
value of the mass).

| Microscope hits (2g) (Jan. 2005) |
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n->37° @ WASA@CELSIUS (dp-7y °He)

WASA detector with Zero Degree spectrometer

B-7m

ZD spectrometer
QI Q2
QUADS  preoLes 2 Si (1.3mm) layers

S

e s :-*.*_:_}-F%l-'— san 2 Ge (29.4mm) layers
vacuum .p]'pc = : Operated at LNE temp.

*He stopped up till 400 MeV
%(FWHM) = 1.5 MeV @300mev

3 1[}_ 10" N F .
: | *He : Peak from n) production
g °f .@ » 3 Less than 2%

sf : background, mainly due

.z 3 i to direct 27 production

2:_ ém 105—

ol (PRI BRI B S

0 100 200 300 1 =
E, MeV 200 250 300 EE!! MeV

AE —deposition in Silayers  gnergy spectrum of 3He nuclei
E — deposition in Ge lavers
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n->37° @ WASA@CELSIUS (no hope to
compete)

o |[AZ~1+20a z
== . —
=1 _ 2
! mn 3mTrO pmaX
-
= slepe a= —0.026 £ 0.010 {stat)
§ i1 | based on 75000 events
S
¥
= 1 ~
S
: ++\%‘H+
S 09 F They don't
like this
point
0.8 | | | |
0 0.2 0.4 0.6 0.5 1

radial position z

(based on combined data set,
T=1360 MeV and T=1450 MeV )

a=—0.026 +0.010 (stat)
+0.010 (syst)

for comparison:

experimental results:

Crystal Ball (2001) a = —0.031 £ 0.004
KLOE (2005) a = —0.013 £ 0.006

theoretical predictions:

Borasoy et al. (2005) a = —0.031 + 0.003
Beisert et al. (2003) a = —0.007
Kambor et al. (1996) « = —0.007/ — 0.014

ChPT tree level a = 0.000
n’ n’ T’
n N N
\énﬂ + \§<n“ + 0
T’ 0
0
tree level single loop T
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7->37° from Prakhov @ BNL new

measurement

New measurement
with CB@BNL data

PDG «=-0.031+0.004 is based on analysis of 0.9M n—3=x’
events. More recent (unpublished) result from the
CB@BNL data «=-0.029+0.002__. is based on 1.25M events

(from 27M n's produced)

| BNL Data mp »nn—»3'n, CL=2% lnﬂzﬂmg
s ikl
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u I I | I
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Zn— 3
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: po 1:0.0
_—. pl -0.05846 + 0.00400
1 ‘_\_—-—*
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i i | i
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n->37° from Prakhov @ MAMI
Z resolution

Resolution in the variable Z for different
reconstruction conditions varies from 0.039 to 0.042
that allows to divide 0<Z<1 interval in 20 bins

[ Tag.beam, no prot. | RMS 0.081 | Tag.beam, with prot. RMS 0.06749
10 Constant 3640 o0t Constant 3144
L Mean 0.0002244 ; Mean -0.0006794
ol Sigma 0.04061 e Sigma 0.03879
A I+
2+ 21
1 1+
0% 32 0 02 4 0 %7 92 0 oz o4
dZ v —» 3" d7 q —» 3"
[ UnTag.beam, no prot. MS 0.08675 [ UnTag.beam, with prot. |§ 0.07192
10 Constant 3332 0t Constant 3364
5 Mean -0.0003763 s Mean -0.0006821
e Sigma 0.04219 | Sigma 0.04001
- -
2 21
1 1+
O T 0z 0 oz il 0 F 92 0 0z o4
dZ 1 — 3" dZ 1 — 3"
\
12 Dec 2006 Phi decays working group

meeting



n->37° from Prakhov @ MAMI
first results

Slope fit for the highest statistics data sample of 3.8M n—3n’

events collected at CB@MAMI (from 30M n's produced)

| n Data, UnTagged, CL=2% |

54081528

mC |

& Entries4116910

A0° iy
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Ertrigasa 10268 | Slope Fit Entries 3810288
10 1.2 2§ ndf 11.29 /18
— : po 100

0.2+ s p1 -0.06121 + 0.00298
0151 B
- 1
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0.05|- e
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I I I I
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Z I'|—}3R'ﬂ

a =-0.0306 +£0.0015

Require proton for signal

stat

selection
Slope Fit Entries 496488
1.2 I.zl'l'ldf 17.93 /18
' p0 1+ 0.0
gl p -0.05517 = 0.00737
1W
0.9}
08002 04 06 08 1
Zn— 3

a =-0.028 =0.004
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y->72’vy from CB@BNL

CB old analysis, huge background

subtraction.
. . 400 — . . 400 — . :
@ Entries 5S083E
= | Bre3. 0. 7ax 107
o 1000 )] h) Ml = m'yy)=
L 1211278
750 . - 1 2001 }

R T ] T
”ZW‘}%*J“E ”M’ '.'}W ik [ W

(1.55 (1.435 5 0.5% 4% 0.5 0.55%

min®y} 1GeV/c’] min®yy} [Gev/c’] min®ry) [GaY/c]
n->31° subtracted n->yy subtracted
\
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n->7n"vy from CB@MAMI, merging
rejection

Plot of cluster radius R in the CB vs cluster energy E for MC of different
reactions. Cut discards events which have entries above the line.

‘MC yp—mp—->rryp | MC yp—np—3cp

'MC yp—1%p | [MC yp—np—vyp |

0 I- i 1] ;; .I". - |

o 01 02 03 04 05 0 04 02 03 04 05
E¢, [GeV] E¢, [GEV]

|
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Rejection power of the cut

" Result of applying R-cut for MC of n—n’yyand

n—3n’ and experimental events
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The dangerous
guy
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The new guess

Subtraction of the n—3n’background and comparison of the

remaining spectrum with the expected signal from n—=’yy
assuming BR=3.5*%10"

Entries 1132 vp — TP . ]
The signal yield
! is too high in
| case of
1 _ofe] Lr G CB@BNL
3 n.alsn -;.-E,-J.D;imuls, 3:5;.55 0.6 3 035 mn::;wl;,.-a:' c:iu;r.ss 0.6 measu rement! !
Entries 29781 'ﬁfp—:»rtﬁ}"lrp at |east
& w a factor 2
6l 100 - H\}NHHM } M'WH
:: LA
Dl}.lﬁ ll_l35 [I_IA I]I.-I1-5 0.5 ll_I55 l'.II.IE “ﬁ-BHJll-t}.lﬁﬁ D.Id- 045 05 l]l.|55 ﬂﬂE
m{=%v) MC(n — =%y} m{z%+), Prompt-Rndm-Emp-BG(n— 3")
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n->mtar ete WASA@CELSIUS

Particle identification - Monte Carlo

The two-lepton invariant mass is closely correlated to the opening angle
between leptons leading to a sharp peak at small opening angles.
This feature is used for PID.

In addition AE(E)-P method is applied to
all the track leaving MDC.

.
e et 50

I~ | 70

;:120_ ‘ o
f; B 50
g i | ; 40
[ 30

05 /\ i {y\ o

U A T o

e A e R

0.2 .
P [GeV/c]

Overall identification is correct in 90% for MC.
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n->n'w ete Background rejection

Selection: M. and M., e

n—ntr ete n — rta— 0 n— Ty
A | <) A
§2J- S .1: . EE-BI' { i
E : ; E E : AR l-.'_._..'-;;':?:_ l
i e
2, 2.6 B AL .
' L R L
i, hr e i e
Pl e T | .- _ EEpMEe] Ao et o
0.2 — 0.4 0.6 0.8 0.2 - 0.4 - 0.6 0.8
M, [GeV] M_.. [GeV]
e M. > 305 MeV
e 2.65 GeV <M, e < 2.875 GeV
—
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n->n'n e*e The result

Flnal IMﬂ——i-ﬂ——e—i—e—

e 23 events left
e 7 belonging to background

decays

e 16— 7mrn ete”
Efficiency cross checked with n—etewy

0.25 M ns measured in reaction pd —3Hen 1 MeV above thr.

16 n — 77~ e e~ events observed

‘measurement gives BR = (4.6+1.44+0.5)x 104

Normalisation to  — =" 7~ 7° decay (33% acceptance)

o IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

_|_

axp. data

MG - m — Ty

MG_n—).‘l’:‘tﬂ:

MC - sum of all contributions

0.2 0.3

0.4

0.5

0.6

0.7

0.8 0.9
IMI['J'['G‘G' [Gev]
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Conclusions

e Several measurements are coming from new

experiments;
e 7 mass and ny—-x'yy in our direction;
e n =37°1in CB direction, but the only independent
measurement cannot disentangle;
e n =mmee, big room for improvements, both in Br and

in CP violation study via asymmetries.
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Tagger microscope

AN
\\
T f“ZIQ MeV trajectory
I/' A N\ I
Det.85 1], %, " N
- = ’é_\b“w‘\;\‘ 195 MGV
Iy %, "’0; : -
Iy fo, N
L, N 180 MeV
— < i ¥4§é4‘ ¢
lTl I Vﬂzu a, {\G/
I, . 170Mev
DDDDD \\\
|| 47 nnnnnn \\\
FP elements I|| \\

An array of 96 plastic
scintillator fibres (3 mm x 2
mm).

Each single fibre overlaps by 1/3
with its neighbor. The overlap
region defines microscope

detector channel x ch (191
channels in total).

The energy resolution is 0.3 MeV
per microscope channel . ch.

Tagger microscope is positioned
to cover electron energies 153 to
209 MeV. At a beam energy of
883 MeV this corresponds to
tagged photons between 674

MeV and 730 MeV ( »

eshold 1—5—707 MeV).
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‘ala a
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- MAMI enerav-determinat
11T \. \.—l\Jy \ . |\ W W) WPy | NIV A

urn 90 Cavity 1

- {1 -

E=elcBlH
I
where eis urn 73 Cavity 2
electron - [ -
charge, Bis
dipole 2
: a -
magnetic -
field, D -
electron track
diameter.
RTM 3 . E,=E +2z/Ez= E, = 180 MeV
B= 1326072+ 0.13 % Extrapolate to end energy:
mT > E,.=751.649 £ 0.107 MeV~» _ :
AE= ~781+ 002 73 E, = 883.X% 0.16 MeV (FWHM)
MeV J Ocout = 68 keV
D,, = 3768.45 + 0.4
imm
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Slope fit for tagged n—3n’ events with
the proton required

=3
[ ““'a; ;‘1'999“' stk ks sse108| MC] i Entries 1285872
- B0 C
30 asl
20 40 -
10 20
u | 1 | 1 D 1 | | |
0 02 04 06 08 A 0 02 04 06 08 1
Zn— 31 Zn- 3n’
‘Entries 495485 Slope Fit Entries 496488
0 = 42 [ ndf 17.93118
W ’ po 1+ 0.0
e p1 -0.05317 + 0.0073T7
201 =
101 i il
i 1 i I i I i i
% o0z 04 08 08 1 08— 02 04 06 08 1
Z r]—>3:rru LZn— 3"
\
12 Dec 2006 Phi decays working group

meeting



