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Introduction Detector Summary

Existing Data

THE RARE DECAY n — i ete”
Physics Aspects:

[A. Rustamov priv. comm., see also HK 17.3]

CP-Violation, QCD-Anomalies

see D. Coderre (HK 26.7) & T. Petri (HK 54.5)

. pp—ete X
102k Ekin:3-5 GeV
HADES Aspects:

pp-Data well described by
hadronic Cocktail (Pluto)

[arXiv:0905.2568]
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Existing Data

THE RARE DECAY n — i ete”

[PRL (2007) 98(5):052302] 50T
T T T T

Physics Aspects:
CP-Violation, QCD-Anomalies

see D. Coderre (HK 26.7) & T. Petri (HK 54.5)

2C+'2C 2 AGeV [Agal7]

HADES Aspects:
pp-Data well described by

1N, dN ., /dM,, [(GeV/c)™]

— [l ol il vl ol

. : 10°
hadronic Cocktail (Pluto)
[arXiv:0905.2568] o Z L~ |
[ A T NSO N
rel. n-production from fit 107 ‘
. v 0.2 0.4‘ 0.6 0.8 0
independent measurement: 5
= M., [GeV/c?]
— pp — ppn Missing Mass
-np—oata eTe full > try to pin down 7-contribution

reconstruction in HI collisions
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w Existing Data

THE RARE DECAY n — i ete”

[PRL (2007) 98(5):052302] 50T
T T T T

Physics Aspects:

CP-Violation, QCD-Anomalies  — "?C+'2C 2AGeV [Aga07] ]
see D. Coderre (HK 26.7) & T. Petri (HK 54.5) T 1073 -
71 as reference S N
n— vy 39,31% 2.,91 E
7 — TR0 32,56% S 10° E
n— wtm o 22,73% z bl N\sot .
noata Ty 4,60% = ]
=107 S
n—ete vy 0,68% L ‘ 3
1 — TOTOy < 0,12% 02 04 06 08 10
2
n — w0y~ 0,044% M;n, [GeV/c]
m— T ete” 0,042% | > try to pin down 7-contribution
n—ete < 0,0077% in HI collisions
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Detector

Data Analysis

Summary

n — atn eTe”

EXISTING DATA

TLTI

Year | Authors BR[107*] | #n's | #n—
atrete
1967 | Jarlskog, Pilkuhn (v B1 264 3.1
> 1993 | Picciotto, Richardson prpas3ses) | 3.2+0.3
§ 1999 | Faessler, Fuchs, Krivoruchenko | 3.6
- [PR C61 035206]
2007 | Borasoy, Nissler (e a740 362] 2.99J_r8:(1)£13
1966 | Grossmann, Price, Crawford 13747 1
o [PR 146 993]
2001 | CMD-2 o ssor 19y 3725 4
'S 2006 | CELSIUS/WASA (pp) pessazes | 4.3503 | 75k | 16
2008 | KLOE (e™e™) pu eors 20y 2.681592 | 72 M | 1555
2009 | HADES (+r)  (CameRgEROmE o hen?) +7 M | 10-29
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VY r
‘e:!:"‘ 7 Hades - Experiment Particle Identification

HADES - EXPERIMENT

Observ. Detector

p MDC

8 TOF(ino)

dE/dx MDC
TOF(ino)

et RICH

Shower

p+p
Ekin =35 GeV
Ibeam = 107/5
dLHz =44 cm
N ~ 7.5-10° evts




Hades - Experiment Particle Identification

Introduction Data Analysis Summary m

PARTICLE IDENTIFICATION - SiM./EXP.
Hadron ID: MDC dE/dx vs p for PID

> 42% of et do not reach TOF (p < 100 MeV/c)
Lepton-Hadron-Discrimination by RICH Ring-Signal only

v

» tuned cuts on ete™ /7T -vertices

good Ring + p < 1000 MeV /c explic. no Ring + graph. cuts
30 — M 30 - — ‘ -

25 [+ 10°

20 p
10?
102

MDC dE/dx [MeV cm?g]
MDC dE/dx [MeV cm %/g]

0 L L L L L L L L L 1 0 L - L L L
-2000 -1500 -1000 -500 0O 500 1000 1500 2000 2500 3000 -2000 -1000 0 1000 2000 3000
q % p [MeVi/c] q x p [MeV/c]
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Simulation Input Simulated Spectra Missing Mass Cut Experimental Data

SIMULATION INPUT: COCKTAIL

‘9&\0
e (o
\‘“ Event Generator Spectrometer ntn"ete”
9 P oy
Pluto + HGeant
0.042%
N(1535) .y
~1
0.069 mb pprtny SN pprtaete

22.73%

1.2%
pprtr— a0 — pprtTete” v

0.06 mk — 89.2% 1.2%
= bpw - pprtr— a0 —L> pprtr=ete™ 4

~4.5 mb !!

19.92% 1.2%
0 5 pprtr a0 —20 , pprtrete 4




Simulation Input Simulated Spectra Missing Mass Cut Experimental Data
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SIMULATION INPUT: ete”™ INVARIANT MASS

— v 1
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>
RS 3k
% theory:
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— “l [EPJ A33 95]
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Simulation Input Simulated Spectra Missing Mass Cut Experimental Data

SIMULATION INPUT: ete”™ INVARIANT MASS

B I
C .: . -
_% 10°E KLOE's simulation (red) fitted their data
< - = Our parametrization is reasonable
o 102k o Sim. of.KLOE Data
-g 8 Ambrosino et al.
© - [PL B675 283]
@ 10 g our parametrization
1E i s
10[\\\\\\‘\”‘\“\

0 01 02 03 04 05 06 07 08 09 1
Mee/(Mn—Zmn—Zme)
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Simulation Input  (Simulated Spectra Missing Mass Cut Experimental Data

5-PRONG - SIMULATION COCKTAIL I

x10~° w/o N(1440) BG
g L6F .
zZ C ) o . %‘Fehlldentlflkatlon
~ 14f M, M My
N o - wommn®
L 12 “ o -
2 f I 0
C FJﬁL 7 + n- Ty
& osf Z o
o 08| 77 “Z n-me'e
2 7 M o §
=~ 06 0000000 —— Summe
= o%t 7
S o4 TH /A%
0.2 /////"’///'////’//
: / 7 L5 /,,"L
i T2 T

400 500 600 700 800 900 1000 1100
T
e [MeVic 7]

|nv




1200

500

> @ —
s c 2
£0 S (&
g = — 8 <
. — 5] o >
- x F . S
o = o g o
3 = £ 5 E o - =
=
2 o I E I
g & < =3 ¢ £ :
i — < S 8
< & 3 ! S 2
=% = =1
3 MO 2 . >
2|3 S RN NN N "E
a C T NI NN NN NN
a O A~ NN AR N AN o
> (@] Q
N
L= < NN =2}
S w RRNNRAR...
a2 <t Al
SE= LRI .
o a — i
o 9 NI Ay
I s A . o
a il =]
Iy 2
il
= =T LA
c(® W N
S|s T N,
20 i
Slo | I o
Olg A il o
S |a I =
° N
- NN N NN N
i
Slo i
=p-:
N
c|a N
= | N
- mmmmmmmm (=]
£ iy o
= Nl o
n ] iy
i
@p] RHLLL—_ .
A
allmmnunum
1 MRRRRR.
NN
NN
N
NN
NN

-
=
o

=
c

.9

=1
=2
E
£

%)

400

x107°

30
5
0
5
0
5
0

5-PRONG

dd
N/ (; 9/ASIN 82) / lyezuy




Introduction Detector Data Analysis Summary

Simulation Input  Simulated Spectra Missing Mass Cut Experimental Data

5-PRONG - MISSING MAss CuT

pp — ppn/w — ()
880 MeV/2 < Mﬁssw “eteT 1000 MeV /2 after Missing Mass Cut
x10~° [ w? |
| B
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= r
& 3f
~ C
1100 = = r
S 2F
1000 g r
- - < 17
900 T £
800 L Ll B 0: T '/ AR e |
400 500 600 700 800 900 1000 1100 200 500 600 700 800 900 1000 1100

Tf’
M Mev/c?] METE [Mevic?]




Introduction Detector Summary

Simulation Input Simulated Spectra Missing Mass Cut Experimental Data

SIMULATION FOR 7.5 - 10° EVENTS
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Summary

Data Analy:
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Experimental Data

Simulated Spectra

Simulation Input
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Simulation Input  Simulated Spectra Missing Mass Cut Experimental Data

Introduction Detector Data Analysis Summary I I

CRoss SECTION LIMITS

S C +Expenment reliminary numbers !
L eop Iorent2|an ® exp( x?) — Untergund |1 309,
% C /1’ — w1
s 50 — Summe :
© [[ \ ‘ Opporppw = 0.12 mb
% 40~ < 6 cts - o [priv. comm. Teilab] HK 17.3
gt || N Y
g 30} S [ e 0 pp—pN(1440)+ 70 ~ 4.7 mb
S F v )/’// \ j\ T o < 0.19 mb
20k ‘T | j \ pp—ppn ~ O
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o * % / \ 55 cts| Nﬁ |
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SUMMARY

GOAL:
understand n-production in pp- & AA-collisions at SIS energies

study rare decay n — 777~ eTe™ as reference source

dominant background by
pp — pN (1440)T7° — pprTan—ete y

5-Prong: Exp + Sim agree well
Missing Mass Cut: 7/w-decays become visible

+ -0 +

55w —atr - atar et

e” v detected

preliminary upper limit for n — 777~ eTe™ signal:

excl
o& on < 0.19 mb.




Introduction

HADES-Collahoration

G. Acaxistiev, A. Baranoa, D. Bewver, A. Brrvagy, A. Braxco,
M. Bomyer, J. L. Bovaro, P. CaangLas, E. Castro, S. Chgr-
NENKo, J. Diaz, A, Dysezak, E. Eppig, L. Fasbieri, O, Fatgev,
P. Fixoccriaro, P. FoNte, J. Frigse, 1. Fromuich, T. Gaaryuk,
J. A, Garzow, A Gn, M. Gowusevs, D. Gowzdez-Diaz, F.
Guser, T. Hexnivo, R. Howamany, P. Huck, A, Terusativov,
1. Torr, A, Ivastkiy, M. Jurkovie, B. Kiwprer, 1. Koenia, W.
Konig, B. W. Kots, A. Kopp, G. Korovt, GK Korvakov, R.
Korre, A. Kozuew, A. Kndsa, F. Kriex, R. Krockes, H Kuc,
W. Kony, A, Kuewer, A. Kurikay, P, Kuriky, PK. Kinirs,

Detector Data Analysis

V. Lapvery, J. Lavas-Vaweror, S. Laxe, K. Lapius, T. Liv,
L. Lopes, M. Lorenz, L. Maier, A. Maveiarorr, J. Mark-
iRt V. Memag, B. Micnavska, J. Micuet, C. Motz L. Nav-
VAN, Y. C. Pactmaver, M. Patka, Y. Parporas, V. PrcteNov,
0. PecaeNow, J. PiEtraszxo, W. Praveona, B. Rauste, A.
Resuemiy, J. Roskoss, A. Rustanov, A. Sapovsky, P. Satasura,
A, Sewan, J. Ssenson, Yu.G. Sosoigv, T. Sorovievs, S.
Sataro, B. Seruck, H. StroBeLE, J. Stroth, C. Sturm, M.
Sunor, A. Taravtora, K. Tewas, P. Tuosty, M. Traxer, R.
Tresacz, H. Tserros, V. WaeNer, M. Weser, J. WosteNeeL,
S. Yurevic, and Y. ZANEVSKY —

Thank you !




Theory Simlinput PID Vert. Accept. N(1440) 5-Prong 6-Prong m

BACKUP SLIDES
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O Theory
CP-Violation © Accept.
CP Qu.Numbers @ N(1440)
QCD-Anomalies Missing Mass - Sim.
O Siminput dominant bg-source
principle ® 5-Prong
fits exp. b-prong uncut
© PID missing mass cut
No TOF ee inv. mass
PID - Exp. & 6-Prong
® Vert. missing mass
sketch sim - exp

~-Conversion
Pair Vertices - Exp.




SimInput PID Vert. Accept. N(1440) 5-Prong 6-Prong m

CP-Violation CP Qu.Numbers QCD-Anomalies

MATTER-ANTIMATTER-ASYMMETRY

Theories

o CP violation in standard model (weak
» CP violation

N
decays) does not explain — ~ 10°.

> super-symmetry N,
> leptogenesis Motivates search for unknown sources.
+ —
n—mm Yy
Y

0 CP(y) = CP(r*n-) -  CP(y)

T 6 = 2l {41 Bl X

B -1 Ml Vv

_ E1 by bremstrahlung of (777 )*
intermediate state
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CP-Violation CP Qu.Numbers QCD-Anomalies

MATTER-ANTIMATTER-ASYMMETRY

Theories

o CP violation in standard model (weak
» CP violation

N
decays) does not explain — ~ 10°.

> super-symmetry N,
> leptogenesis Motivates search for unknown sources.
n— iy
CP(y) = CP(r*n-) -  CP(y)
- +1 El X
=+ = # { 1 ML v

Additional variable to nEDM |
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CP-Violation CP Qu.Numbers QCD-Anomalies

Excursus: CP QUANTUM NUMBERS

Photon n-Meson

parity: results from parities of pseudoscalar: J© =0~

spherical harmonics Y, (6, ¢). C(n) = C(2y) = (_1)2 =41
P(El) = (—1)l CP(?]) — 1
P(Mi) = (—1)!*1

7t n~-Pair P(r) = P(n) = -1

charge conjugation: L .
intrinsic X extrinsic

"2, C = Lt Lt OCjHAu P(rtn ) = (—=1)2 x (—1)t
!
CTAMC =—A, C(rra™)=+1
(—1)k1 El CP(rntn™) =+1

CP(y) = { (_1)l M
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CP-Violation CP Qu.Numbers QCD-Anomalies

QCD ANOMALIES

Divergences in Feynman-Amplitudes of PV-coupling:
triangle anomaly box anomaly

Lvzw =
disentangle by
internal conversion

arbitrary units




Theory PID Vert. Accept. N(1440) 5-Prong 6-Prong

fits

RARE DEcAY IN PLUTO

pN(1535) — 100% — PP1

8%
T 09

n-production n— 7w ete”

T ppn




principle

L?xj Theory PID  Vert. Accept. N(1440) 5-Prong  6-Prong m
(]

RARE DEcAy IN PLUTO

: ————"- kinematic range:
4 /féiﬁ\ ' Iggqf - 2m, = 1.022MeV/c2
: : M, —2m, —2m, =
© o Botzmam| 5% snevye
=3 Planck | - T MEVe
5
N$2’
=
1,
oL —

0.0 0.2 0.4 06 08 1.0
Mee/(My,—2m;—2me)

(Mee) =C- Sinz(alMee — a2) . e—kMee




Theory SimlInput Vert. Accept. N(1440) 5-Prong 6-Prong
No TOF PID - Exp.

PARTICLE IDENTIFICATION

Can (3 be used for PID in the case of n — 77 ete ?

oo | [N D T TN
enwera | UMMM, (0|0

TO

n

1000 800 600 400 -200 0 200 400 600 800 1000
q xp [MeV/c]

Independent variables p,dE /dx and RICH Signal have to be used

@



Theory SimlInput Vert. Accept. N(1440) 5-Prong 6-Prong

No TOF

PARTICLE IDENTIFICATION - EXP.

Electrons Hadrons
good Ring no Ring Correlation
— 30 y —= 30 o i 3
2 2 m
E 52 : b
3 3
220 22 10°
x x
° °
w15 f w15
° ° 10?
8 10 |; 8 10
= =
10
5 fi 5F
-02000-15‘00-11.;00-560 [1] 5(;0 1000 15‘00 2000 25‘00 3000 ! 920001500-1000-500 0 500 1000 1500 2000 2500 3000
qxp [MeV/c] qxp [MeV/c]
p < 1000 GeV/c graphical cuts




Theory SimlInput PID Accept. N(1440) 5-Prong 6-Prong
~-Conversion Pair Vertices - Exp.

CuTts ON PAIR-VERTICES

Mutterteilchgnx

e mmmmm e e — = )

Strahlachse

Vertex R [mm]  z [mm]
ntmT <45 -90 ... 10
ete” <65 -110 ... 30




Theory SimlInput PID Accept. N(1440) 5-Prong 6-Prong
sketch Pair Vertices - Exp.

EXTERNAL v-CONVERSION

0\0100 C —a— nomrr® -2y
E --a- nomnr o e'ey
90 - A N TOTTY
C -4 - N-TCTTE'E a
80 | A - ot -2y I
- -a- Wt o efey A
70 —a— pN(1440)*10 1O 2y :
E 4 PN(1440)T0 TP etey et
60 F A gk ek i T
- N ) v_."
50 F B : ot . g . .
g AN no significant contribution
40 E . 'A—i:\%.—; I N
0 = Jw X from 70 — 2y
30 ; - e — -
20F e — -
10 E e
= A A--oT
E e it AoniziniET
Generator ext. y-Konv. geom. Akzept. PID Vertexschn.

Beitrage nach




Theory SimInput Accept. N(1440) 5-Prong 6-Prong

sketch ~-Conversion Pair Vertices - Exp.

£
£
=
4
°
c
S
s
17}
o
<
»
2
8
©
©
£

0 T = <
0 50 100 -200 -150 -100 -50 0 50 100
z-Koordinate [mm] z-Koordinate [mm]

(a) ntn~ (b) ete~
Cuts on pair-vertices determined by simulation fit the experimental
data. Diffuse e™e™-vertex due to higher curvature in MDC and
boundary fields. Majority of ~-conversion in surrounding radiator
material can be suppressed.
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Theory

Simlnput  PID  Vert. N(1440)  5-Prong  6-Prong

GEOMETRICAL ACCEPTANCE

- slow electrons

Analyse Name Akzeptanz "
ete” 16% - missing p instead of 7
rtrete” 4-Prong 3,4% - b-prong: essential info gain
primete”  5-Prong 2,5% - 6-prong: statistics too low
pprEete” 1,9%
pprtrete” 6-Prong 0,55%
& F rarer| & 25000F ot
= 30000 pp— ppriwete| £TTF pp - pprTe'e
£ psooot Eyin = 3,5 GeV E 20000 Eyn = 3,5 GeV
20000; L 15000(~
oo~ e - E
F 100001
10000~ P F it
£ 5000~
S000c" S 3 S SR T "
u(: 16 30 30 20 50 503073040 50 607080 90 700

Polarwinkel [] Polarwinkel []




Theory SimlInput PID Vert. Accept. N(1440) 5-Prong 6-Prong
Missing Mass - Sim. dominant bg-source

5-PRONG - MISSING MAass - pN(1440)"7° Ba

e

880 MeV/e2 < MPT ™ €T 1000 MeV/e2

miss

80% BG reduction
no significant change in shape

—— = p+p 1g®
m Eyin = 3,5 GeV %# Fehlidentifikation _...._
C - PN(1440)* 0 % pN(1440) TP 0
Simulation
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Theory SimlInput PID Vert. Accept. N(1440) 5-Prong 6-Prong

Missing Mass - Sim. dominant bg-source

BACKGROUND SOURCE

Produktionskanal +[mbj From the listed production channels which

»p 178 contribute to Mﬁ,ev esp. pN(1440)*7° can

pA* 3,756 . + o . ]

PN (1440)* 5511 result in pprtn~eTe™ in the final state:

nAtt 10,928 2y
pATT T 1,226

pAOT 2,033 PP —— 4.5 mb — pN(1440)*

pN(1440)* 70 4,462 \ €+€7'Y
pN(1535)™ (n resonant) 0,155 /

ppn (n nicht-resonant) 0,05 7T+7T

ppnr® 0,029

pnnm™ 0,029 /

ppyr T 0,0069 pT

ppnr07® 0,0069

ppp” (nicht-resonant) 0,06
| ppw (nicht-resonant) 0,06 |




Theory  Simlnput PID  Vert. Accept. N(1440) 6-Prong

exp. 5-prong uncut missing mass cut ee inv. mass

EXPERIMENTAL 5-PRONG-SPECTRUM

3455 evts
<300 F
L C p+p
D oen b - #H\
S 250 ? ey E., = 3,5 GeV
@ - . % e
§ 200 F iL iy
= - -
G 150 ﬁ T
sl 4
< 100 M T
E T4,
50 - g I
400 500 600 700 800 900 1000 1100
M [MeV/c?]




Theory SimInput PID Vert. Accept. N(1440) 6-Prong

exp. 5-prong uncut missing mas: ee inv. mass

p+p
E,n = 3.5 GeV
Experiment

M
P
IN]
o
<)
TTTT HH‘HH‘\H\‘HH‘HH‘HH‘\H

800 Crre
400 500 600 700 800 900 1000 1100

METEE [MeVic?]

» form and abundances comparable with simulation

» no prominent structure from 7 or w decays visible
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exp. 5-prong uncut missing mass cut ee inv. mass

Theory  Simlnput PID  Vert. Accept. N(1440) 6-Prong m

5-PRONG - e"e” INVARIANT MASS
Majority of ete™-pairs from 70 — ete v
Mo = 135MeV/2 < ME € < 268 MeV/e2

AR 14 evts
L 2 A, p*p <
3 W En=35GeV ©
= o Nach Schnitt auf M pm:‘sge € E
= t .
2 oo Experiment st
g =1 | )
= Al =

10 e e <
g e g
c L] c
< <

1
ok el bbb e e e bl e 1
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6-PRONG - MISSING MASS

Additional Missing Mass combinations:
500 MeV/e2 < MPP < 600 MeV /c2
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Theory SimInput PID Vert. Accept. N(1440) 5-Prong
missing mass

6-PRONG - COMPARISON

v

good separation of 7 and w but very low statistics (404 evts)
> cut into continuous BG generates peak structure

» 5-Prong analysis is to be preferred
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