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‘o ))) The WASA Detector - OJUL'H

Pellet line Absorber |

MDC FTH FF,I“
| / \IIIi

N_

Solenoid

SEC

FRH

50¢cm

Central Detector Forward Detector
~20-170 Degrees ~3-18 Degrees

- Internal experiment at COSY ring, Julich, Germany

- Hydrogen/deuterium pellet target

- Forward detector — measurement of low-angle
particles for accurate meson tagging

- Central detector — measurement of both charged
and neutral decay products
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Major Production Runs
Fall 2008 pd — *Hen 4 Weeks 1.1x107 n on disk
Fall 2009 pd — *Hen 8 Weeks 2.1x10" n on disk

0: Entries 1.420244¢+08
555555

‘ o )) Meson Production at WASA-at-COSY* JULICH

2200

+ Unbiased data sample (all decays of n present) A e U
+ Clean n tagging via missing mass technique o 2008 Data)
+ Low multi-r background

1200
1000
800
600
400
200

- Lower statistics, very rare decays unreachable

| H‘II\‘\H|III|IH‘HI'III'\H‘\I\‘\H'IZ(h

b2 0.45 0.5 0.55 0.6
Missing Mass *He [GeV]

8 Weeks ~1x107 n — P reconstructed

Spring 2010 pp — ppn

PPMM_CutPPG

Entries 1574
Mean 0.54
RMS 0.01897

5000 —

. . . - Total
- Trigger conditions — bias towards charged decays [ ncfnrf'ﬁ-no i e
- Higher level cuts needed to see n signal at all E ; bt 30

pp — pprrTrT

# runs

- Very high multi-r background =L

2000

+ Much higher statistics for rare decays

P T I i i e
0.48 0.5 0.52 0.54 u.lss 0.58 -
Missing Mass of two protons (GeV) 3



(22.74 £ 0.28) x 102

(7.0£0.7)x 103 Transition form factor

(2.68 £ 0.11) x 10+




G))) n— mmete Motivation (1) o JULICH

5' 7: | Branching Ratios Theory and Experiment
Branching ratio measurement: g A
. . o L
Discrepancy exists between 5 5
modern theory and modern > -
experiment 5 4| *
m —
o 3— { I % :
e
Former Experimental Results 2
1966 — 1 Candidate Event (bubble chamber) 1:_
Grossman, Price, Crawford B
Phys.Rev.146:933,1966 B
2001 - 4 Candidate Events (.5 event background) . " " p p - = =
CMD-2 Experiment o 2 0 = 5 = = =
Phys.Lett.B501:191-199,2001c¢ 3] o X = 3 % = 5
2007 - 24 Events (8 event background) 2 T & 5 3 o
WASA-CELSIUS 9 £ 5 5 £
Phys.Lett.B644:299-303,2007 = s z il ©
2009 — 1555 events ) , .
KLOE Collaboration [1] Petri, T. Master's Thesis.(2010) arXiv:1010.2378v1
Phys.Lett.B675:293-288,2009 [2] R.Borasoy and R.Nissler, Eur.Phys.J. A 33 (2007) 95.

[3] A. Faessler, C. Fuchs, and M.I. Krivoruchenko, Phys.Rev. C
61 (2000) 035206.
[4] C.Piccioto and S. Richardson, Phys.Rec. D 48 (1993) 3395.



G))) n— mmete Motivation (2) o JULICH

n y*
E1, M1 W
n
M1 transition allowed % N — 1T violates CP directly

E1 transition violates CP

Geng', 2002 — Possible flavor conserving CP
violation in n — "1y could cause a “sizeable
linear photon polarization.”

Gao?, 2002 - If such a linear polarization were to
exist, it could create an observable for non-SM
CP violation in the asymmetry of the electron and
pion decay planes.

4 = Count (¢>90)— Count (¢<90)

» Count (9>90)+Count (¢p<90)
theoretical upper limit ~10-2

Experimental upper limit from KLOE:
A,=(-06+25 +18 )x102

Phys.Lett.B675:283-288,2009
1. C.Q. Geng, J.N. Ng, and T.H. Wu, Mod. Phys. Lett. A 17 (2002) 1489.

2. D.N. Gao, Mod. Phys. Lett. A 17 (2002) 1583.



G))) Analysis 1: Particle Identification !JJULICH

Forward Detector Particle Identification

%)0 L0351 Edep Totsl vs Edep FTH1
- Entries 130619
9 C oo 2° Co Meanx  0.06363
T 0.03— L2 B oo Meany 0.006398
C . H RMS 0.06424
E Hel|um'3 Band Rms; 0.003363
=0.025 : '

Energy Depos
'aq e
8

000504 045 02 025 03 035 04 045 05
Energy deposit FRH-1 [GeV]

Central Detector Particle Identification

FORSCHUNGSZENTRUM

> Clean °He identification via. E/dE
method (simple graphical cut)
> Protons selected by time difference

> Pions and electrons selected via. E/dE
method. Neural networks used to get
probability.

> Angular distributions additionally used
to identify dilepton pair

MomVsEdepPS_FinalEvents

- From Fall 2009 pd data | Entries 108312

% 0.02- o, o 5| Meanx 0. 3

Qo018 . l?

B Fh : ¢ o

60016: ! "“n" i,l' 5
m c S
©0.014 " ‘

Soo12[ ., 40

5 0 01?;"Jf« i =30

0.008f ;.
b 20
10

IR M\ ! |\|III \n '” .”H it AN ¥ Jmn \ I.h” Iii‘ II"IV" \'I W
05 -04 -03 -02 -01 0.1 02 03 04 0.5
Charge * Momentum [GeV]

0

MomVsEdepSE_FinalEvents
From Fall 2009 pd datal Entries 158932
i T ] ) g Mean x 0.
_ iy ‘ e T N ‘ Mean y
%) 0.13 |'! § St "n \ ; i RMS x
0] ‘ | i R Rvs y
50.16 :" 1 ‘ ; w y b ‘
O 0.14 % 5 R Ml ol i
S ), 1 u'l I T By "' L
g 0.12 BN TR . (n S i N —30
© l1 I g i i e ] o i
.11.||..|.. i e | LSRR 20
+ || Iy ; 3 1
0.06 | 15
"|II ‘1. i
0.04 1 A
Al

11
0.02f I|. ‘ it L LA
Ll 11 ‘ Ll | - ‘ Ll | L1 || | Ll | L1 || | L1 || | L1 |1 ‘ L1 |1
5 04 -03 -02 -01 0 0.1 0.2 0.3 04 05

Charge * Momentum [GeV]
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G))) Background from Other n Decays

Channel Branching Ratio Final State Particles

n— Ty (4.60 £0.16) x 102 T mete

n — e (22.74 £ 0.28) x 102 T metey
m — e'ey X ~1%

n—yvy (39.31 £ 0.20) x 102 e'ee’e

. . . [ MmMFD_Stati_|
Mixture of n channels after first event selection [Entries 5440
Mean 0.5471

rs oosrss| | Background channels with an extra photon are
sensitive to cuts on the missing energy of the

photon

1400
Ln — mme'e’

1200 — Y

-n— i - yy]
10001 — M’ — e*ey]
C (black) total

* Background channels coming from conversion

800— iy .
are sensitive to cuts on the primary vertex

600

*
400

The final two (neutral) channels are not
specifically considered as they are automatically

200 suppressed by the other cuts

[

MC 052 053 0.54 l\/ﬂssmg I\/?ass SHe féeV]



G))) Background Rejection O JUL'CH

MMSqFDPIPi
Entries 133121 . .
075 - = :eanx-u.lz Cut on kinematics:
] e eany 50
0.7 - RMSx 0 5;
065 — -=== M < Missing mass (*He,mm*,11) —
.
< o5 see 11° signal
Q)
—0.55 -
2 * Invariant mass (T*me*e’) offset
0.5 .
= from different event types
Z0.45
£ o4 « Kinematic fit — E/p conservation
03-3. (T =002 004 0.

i i 6
Missing Mass? (*He * 1r

)

 MDC Event Display |

Cut on primary vertex:

200

* Tracking information 150
from Mini Drift Chamber 100

* Closest approach of 0

‘\\\\I\\\lll[ll\\\

particle helices 50 :
. -100;
* Invariant mass at beam 150k

pipe

o o
[ EEENE ENENE EEE T 1 1

e |
-200 -150 -100 -50
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‘ O )) Remaining Event Samples from p-d # JULICH

- After background _
suppression, around 125 40 MC —n
signal events remain from ;sE- @ Data Sl
pd data. n content is 80% - n— Tmete l’
signal E  signal }4%

25
- Loosening of cut - -
conditions can also yield 2
over 300 signal events, but 15F- e
n content drops to 60% 1oE-
signal -

5 + + _ +
- Work is ongoing to nf |+++ LX) + ..... ++. ﬁﬁﬁ*ﬁ“}
address efficiency of 051 052 0. A ot e

reconstruction



‘o )) Outlook 0JUL'CH

- The decay n — 1m*me*e has been observed in pd — 3Hen

- 12 weeks of pd data yields a sample of one to a few hundred events,
depending on selectiveness of cuts

- Extension of analysis to proton-proton data — already begun

- WASA experiment continues taking data
- First w production run starts Feb. 2011
- Design goal: sensitivity on n — e*e- (>10° n's)
- New Trigger board
- Drift Chamber

10
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Decays

G))) Convers

>

Example n —»1* 1

MDC Event Display

event (MC)
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| MDC Event Display |
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60%

S
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0.54
Missing Mass 3He [GeV]

Fit and vertex cuts
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0.54

108632

Mean x 0.04561

Mean y

Closest Approach Vs IM

Entries

51.82

RMS x 0.02952
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0.1
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0.06
Invariant mass (e+e-) at beam pipe

0.04

0.02

(=]
n
o™
(wuw

1 1 _ 1 1 - _ 18§
L= (=] L= (=] o
o

) comw_aam W.mwo_o Ho iod Jo snipey



C

Particle Identification

#) jOLICH
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Energy/Momentum Identification

MomVsEdepP5_FinalEvents

Entries

From Fall 2009 pd data

| Mean y
| RMS x

3 Mean x 0.007693

108312

0.00279

dE/dX in PSB [GeV]

(=]

=
TFTFITT]ITTITTLTTTT]TLT
EJAATTERIRARNRRE SRR

EP]

02 03 04
Charge * Momentum

05

0
[GeV]

Opening Angle Information

-
(=]
S

Counts (log scale, arbitrary normalization)
e

TEpT——

[Enaries 400000

---------

MC

Cos(angle) between e*/e” pairs
Cos(angle) between 1*/11 pairs
Cos(angle) between e*/1rand e’/1* pairs
For simulated n — m*me*e events

0 0.2

04 06 08

1

Cos (angle)

dE Calorimeter [GeV]

MomVsEdepSE_FinalEvents

Entries

0.2~y

From Fall 2009 pd data

68670

T L ot 7| Mean x 0.007478
0 1855': \Ir?":ll'.l:,.'if 'u.,m ) r Meany  0.1064
A8 B il Wi RMS x  0.2124
gi-'él j:}]m.lﬁ.h {f A MM“, RMS\»y 0,05073
! (' A 1=
018 FnL it A iy ‘@, o
0441 Lt BT i Wr’(ﬂ# =
0.12PL R, ﬁ}‘r{ﬂ}'ﬁ"“{f
A2ey il P A (S
04 i m’*f*'%ﬁl"*;:' °
=) e
0‘08;'1” ol Ih t-&‘!’;;’ E‘!'n —4
oo i
ol il
S G |
0.02 ""'-' Sy ot Hi m% erb#' L
Covv o b 1y |||||\|||| |||
95 o4 03 0 i 0 od 02 03 04 o5 ©

Charge * Momentum [GeV]

* Identification takes in 2 positive and 2
negative tracks and assumes 2 1 and 2 e.

* Four possible configurations each have
starting probability 1/4

* Probabilities are updated using Bayes'

equation with information from E/dE graphs and

opening angles

* Highest probability configuration is chosen




Measuring n — 1" e*e” with the #) JULICH

0 Rrrervichie

Pellet line - Absorber Beam times:
MDC FTH |
| '- |
'. pd — *Hen

- 4 weeks Fall 2008
FVH - 8 weeks Fall 2009

Solenoid

SEC

Total ~3x107 unbiased n on disk

Pros: Unbiased trigger
Clean n tagging
Low backgrounds

PSB

50 cm

Central Detector Forward Detector

Eta Tagging

Cons: Limited statistics

PPMM_CutPPG
d i mmHe3 pp Entries 1574
x10° p :r:;“ 1‘42021:;;: sa00F Mean 0.54
2200F ms  oosss [Il = In pd, missing mass of . i EM GO
2000 - L 3He shows clear n peak - Total mc
B without any cuts T +7-170 * points are
1800 Peak sum ~12 Vo y I N ‘ i
1600 million (Fall - R about 30
1400 2008 Data) = In pp, eta only visible s000 PP > PPTTITTT 3 runs
1200 when selecting a decay B i
1000 channel 2000—
:::; = Here n — mmrm?® C
E selected 1000
400
200 = Estimated 1x10'n —
; : e - A TP reconstructed in 0 S S B W i e O
‘bl 0.|45 n_ls 0.|55 0.‘5 . 0.48 0.5 0.52 0.54 0.56 0.58
Missing Mass of He (GeV) Spring 2010 data Missing Mass of two protons (GeV) 3




Measuring n — 1* 1 e*e” with the #) jULICH

Co ))) WASA Detector

Pellet line - Absorber Beam times:

MDC FrH - FF
o - 8 weeks Spring 2010
Total ~20x107 n. Bias towards

FPC /
FWC g
1 I charged decay channels

N
PSB ‘ I I
- P

Solenoid
SEC

Pros: Much higher statistics

Cons: Lower acceptance
Higher backgrounds

: socm FRH Selective trigger needed
Central Detector Forward Detector
Eta Tagging
PPMM, GUIPPG |
d ‘mmHes pp Entries t157’4
x10° p :r:;“ 1‘42024:;;: = Mean 0.54
2200F ms_ oows| = In pd, missing mass of | T i RMS _ 0.01897
2000 *He shows clear n peak - Total mc _
1800~ Peak sum ~12 without any cuts 4000~ 1 — 'IT+'IT"IT+° _ g ggr#g rz:l]re
1600 million (Fall £ g =l about 30
1400 2008 Data) o C PP — PP 4
= = In pp, eta only visible 3000 - runs
1200 when selecting a decay B ¢
1000 channel 2000—
800/ e
g = Here n — mrmrm® C "
800 selected 7] -
4005~
200 » Estimated 1x10"'n —
q]¥4 e —— g —— 1 T reconstructed in
) ) “Missing Mass of *He (GeV) | Sering 2010 data




G» I dentifying n-mesons in pd and pp ‘Y JULICH

-d: E/dE method p-p: Time Coincidence Method

TDiff of Proton T0s

= Entries 30896
Meanx 0.06777 = Mean 01 893
Meany 0.01421 4000 —
T Helium-3 Band m s - T
|_ —
[T 3500 — .
> - Difference of FD
g 3000~ Track T-zeros
0.) —
[a] C
> 2500—
9’) =
2 2000
w =
1500
1000—
500—
clvcv v v b b b e b q:"'lL"l'L‘I vl
005 0.1 015 0.2 025 0.3 0.35 -100 -80 60 -40 -20 0 20 40 60 80 100
Energy deposit FRH-1
3 EntriesmTAI;IDezidei-Oll MMFD—St’at1
>_<10 Mean 0.5157 «10° Entries 1.107192e+08
2200— RMS 0.05086 F Mean 0.4673
= C RMS 0.06885
2000 Peak sum ~12 600
18005— million (Fa” C
1600L- 2008 Data) 3
1400 -
1200/ L
1000 -
= 300—
800— C
600— 200—
400;— C
200 100—
B o 0 0 0 0 o 0 o o 0 0 o o N o . C
'4 0'45 0'5 0'55 u‘s T ol Loy by Ny
Missing Mass of *He (GeV) % 0.1 0.2 0.3 04 05 0.6 0.7
Missing Mass of p-p (GeV)




C))) Particle Identification #) jOLICH
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[hSigDist | HSigDist | hDensityValues | L
Entries 9669 . . !
D 02 M -0.001384 Meanx 0.01716
- i T Density function il L
0018~ i . RMSx  0.1866 RMS x 02167
- - |AMSy owo01300}  _gEm e ; RMS Y 0.001383
0016 )
oota- MC Pion - : T
waizE Data = == S o
- eura
ol - Network
0.008—
0.006
0.004 =
0002 i,

e o Lo e e e i | e e L e [ e
-%.4 0.3 -0.2 0.1 0 ;i . . .

Add information recursively, update probabilities every step:

Posterior

ammmnad  New Information - Probabilities

If more information available, loop

- In MC ~92% of signal events correctly identified
- Algorithm can be easily extended if more ways to discriminate
electrons and pions are found



C

Different boost in pd and pp

No \ /
ance

Acceptance

Accept MC Theta Pions
Entries 2793169
35000 I\Rﬂ;asn
30000 / MC
25000
20000
15000 —
10000}
5000
0 1 1 1 1 1 1 1 1 1 1 1 1 | 1 1
0 20 40 160 180

In our MDC

Side view of

MDC view A :

Low angle track
out of
acceptance

High angle
track can hit all
straws:

Theta Values Pions

No
Acceptance MC Theta Elec
Entries 268380
= Mean 64.97
3000 | RMS 39.07
= | pp MC
2500—
2000—
1500
1000
500
0 L 1 1 1 1 1 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 \lL‘”IL(‘T\\
0 )0 40 60 80 100 120 140 160 180

Charged Particles in the Central 4 jULICH
Detector

FORSCHUNGSZENTRUM

/ In
Acceptance

Theta Values Pions

Result: Lower track finding efficiency and
higher errors for particles hitting less
straws.

How low?
- In pd 17% of events remain after asking
for at least 4 charged tracks
- In pp only 8% remain
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