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Outline

o The WASA-at-COSY experiment

o n production
« analyzing power in pp - ppn
- cross sections in pd - *Hen away from threshold

o n decays
« Dalitz and double-Dalitz decays
« search for CP-violation inn -> nt*tn~ete”
- search for the C-violating decay n -» nle*e™

https://physicsandmore.deviantart.com/art/Eta-Meson-Structure-313364574

Nils Hisken for the WASA-at-COSY Collaboration MESON2018 - June 8t, 2018
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WASA-at-COSY
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« named after its two cooling

mechanisms
...,.';‘...-.j...‘-...,_‘,, = | o electron cooling
A Ly, o stochastic cooling

« provides (un-)polarized p and d with
momenta between 0.3 GeV/c and
3.7 GeV/c

« internal & external experiments
o WASA, ANKE & PAX
o TOF
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Pellet Target

The WASA EXperiment o provides frozen pellets of hydrogen or
deuterium
Pelletiine  mpc I I 7+ Central Detector

Solenoid

FVH o reconstruction of charged particles
(e.g., %, e*,p) in magnetic field

o PID in scintillators

o photons in electromagnetic calorimeter

SEC 5 FPC

A

LII_
1 T Pee—

Forward Detector
o heavier ejectiles (p,d,*He) are boosted
in forward direction
o scattering angles determined in

PSB

: oo FRH proportional chamber
: - o PID and energy measurement in
Central Detector Forward Detector various scintillators

Nils Hisken for the WASA-at-COSY Collaboration MESON2018 - June 8th, 2018
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Datasets

Production studies:

« pp - ppn: ~200.000 events/energy at 2 fixed energies
« pd - *Hen: ~250.000 events/energy at 15 fixed energies

Decay studies: Search for n-mesic nuclei:
e pd - 3Hen: 30 x 10° events * dd —» (n—"*He) in dd -» *Hen N
- pp — ppn: 500 x 10° events « pd—> (n—>He) in pd > ppr N and pd - *He yy

Nils Hisken for the WASA-at-COSY Collaboration MESON2018 - June 8th, 2018
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Datasets

Production studies:

« pp - ppn: ~200.000 events/energy at 2 fixed energies
« pd - *Hen: ~250.000 events/energy at 15 fixed energies

Decay studies: Search for n-mesic nuclei:
e pd - 3Hen: 30 x 10° events * dd —» (n—"*He) in dd -» *Hen N
- pp — ppn: 500 x 10° events « pd—> (n—>He) in pd > ppr N and pd - *He yy

L see: Talk by M. Skurzok, Tuesday, 9am
Poster by O. Rundel, Saturday, 2:30pm

Nils Hisken for the WASA-at-COSY Collaboration MESON2018 - June 8th, 2018 7
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n production
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/7 NN
n production / W \
) S
« Haider & Liu (1985): nN interaction is attractive \\ /
o possible binding for 4 > 12 TSl -7

« n-production in NN- and NA-collisions has historically received a lot of interest
o nN and nA interactions can only be studied in the final state
o many reactions show signs of strong FSI (especially pd — *Hen)

o multiple experiments search for n-mesic nuclei

« to study FSI, it is important to first understand the production mechanism

Nils Hisken for the WASA-at-COSY Collaboration MESON2018 - June 8th, 2018
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n production in pp - ppn

 new data published in 2018
« based on 200 x larger statistics than previously available

« drastically reduced systematic uncertainties
o symmetry and acceptance of WASA
o WASA magnetic field switched off
o measurement at two spin orientations
o two decay modes (n - yy and n - n%7°z°)

« production models:
o near threshold, S;; excitation via exchange of virtual mesons
o strong isovector component
o spin as a tool to gain further insight, both into exchanged mesons
(m,n, p,w,0) and nucleon resonances (S;,(1535), D,5(1520), P;,(1440))

Events/(2 [MeV])

Events/(2 [MeV])

Spin = T, (90° < 6, < 108°) (60° < 9, <90°)
_—

400|- + -

w
[=
o

20l t 474

o
T

wEe=——

0.5 0.52 0.54 0.56
Missing mass (GeV/c?)

Spin = T, (90° < 6, < 108°) (60° < ¢, <90°)
-

.

60| -

Missing mass (GeV/c?)

Phys. Rev. Lett. 120 (2018) 022002

Nils Hisken for the WASA-at-COSY Collaboration MESON2018 - June 8t, 2018
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30 <O < 34, up [ 30<© <34, down |

n production in pp - ppn

z.F B oF
£ ME £ o3

E‘D.Z;— g-o,zz—

« measure asymmetry < oi <
Ny (81,7 ) =Ny (6, by +170) ' ‘3

A Q , — n\"n¥mn n\-n+mn 3 ok

( n qbn) Nyy (627,07 +Np (67, +70) i -

—

pp — PP

0.4 Ll

0.2

- 0.3
03 £

* related to the analyzing power by
A(H,,,gbn) =P -Ay(Gn)cos(qbn)

S PN PP EPRPET [ IS EPUrar (AP S |
-200 -150 =100 -50 o 50 100 150 200
& [deg]

S U R SRR R caa e Lo Lo |
-200 -150 -100 -50 0 50 100 150 200

EPJ Web of Conferences 81, 02013 (2014)  * [4¢d]

py / MeV/:
- polarization P obtained from simultaneous 2026 up 0.793 £+ 0.010
measurement of pp - pp down —0.577 + 0.007
o using A, previously measured by the EDDA
experiment 2188 up 0.537 % 0.009
down —0.635 £ 0.011

Nils Husken for the WASA-at-COSY Collaboration MESON2018 - June 8th, 2018 11
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n production in pp - ppn

Phys. Rev. Lett. 120 (2018) 022002
Spin = 1,(54 < 0, <72) Spin= |, (54 <6,<72)
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« combine asymmetry and
polarization to extract
information on A,

= (0.001 +0.001) g
_( 0. 002+O 003) ,er

\
||||||||

e
)
L
|
]
|

! 1 ! < = : : ' ' ' ' ' ' .

- @, (doeg) - - ?, (;eg) "

« data is consistent with s-wave production for Q = 15 MeV " B
o contradicts predictions of single-meson ( or p) exchange N4 pseudoscalar meson exchange [1] _

— — vector meson exchange [2] i

« evidence for higher partial waves at Q = 72 MeV Y - Ay %2 = Cysind, + Cysindycos0, ]

oIIII|IIII|I

do o 0 on do . . C; = (0.104 + 0.006)ub/sr
Ay(6y) 75 = 2”(/03 sindy + (}ﬂy + I \)Sl"ZQn) Ay(6n) 7 = Casindy + Cycos6,sind, C, = (0.020 + 0.012)pb/sr
(Ps*Pp) (Pp)? (Ss*Sd) 50 100 150
0, (deg)

Nils Hisken for the WASA-at-COSY Collaboration MESON2018 - June 8t, 2018 12
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n production in pd - *Hen

strong rise at threshold
o 0 to 400 nb within 1 MeV
o highly unusual behavior
o attributed to strong FSI
o strong enough to support a
bound state?

higher excess energies much
less explored
o most data suggest a plateau
o harrow variation at Q =
50 MeV reported in 2014

total cross section o/ nb

600
500
400
300
200
100

-II|IIII|IIII|IIII|IIII|IIII|IIII|III_

P, /| GeV/c

1.8

SATU
—#— SATU

RNE: SPES-IV (1988)
RNE: SPES-II (1996)

—+—— COSY
—¥— COSY
—+—— COSsY

—4—— COSY} GEM (2000)
TSLXN‘ ASA/PROMICE (2002)
SY: COSY-11 (2007)

: COSY-11 (2007)
: ANKE (2007/2009)
: WASA-at-COSY (2014)

1 1 l

1 1

80

100

excess energy Q / MeV

Nils Hlisken for the WASA-at-COSY Collaboration

MESON2018 - June 8t", 2018
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n production in pd - °Hen P,/ GeVic
: 1.65 1.7 1.75 1.8
) o] = i i | : . i l : i ' I ' ' ' I '

» in supercycle mode S 600 E | N\

o 8 settings can be stored o - |

o beam momentum changes with each § 900

injection (every 905s) = = *
- - O 400 | *
o minimum of systematic differences X -
% 300 + } SATURNE: SPES-IV (1988)
« two such supercycles were used S o0 B % —— %E)Ufgimsgﬁg;m%}
i o E \ TSI/ WASA/PROMICE (2002)
o 15 beam momenta in total — o o
o pp, = 1.70 GeV/c measurement in both % 100 —f— COSY: COSY-11 (2007)
— r —%— COSY: ANKE (2007/2009)
supercycles = 4 COSY: WASA-at-COSY (2014)
; I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 l 1 1 1 I 1 1 1
p/sg:‘;/c 1.60 | 1.62 | 1.64 | 1.66 | 1.68 | 1.70 | 1.72 | 1.74 0 20 40 60 80 100
excess energy Q/ MeV

p/sgel‘:,/c 1.61 | 1.63 | 1.65 | 1.67 | 1.60 | 1.70 | 1.71 | 1.73

Nils Hisken for the WASA-at-COSY Collaboration MESON2018 - June 8th, 2018 14
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n production in

800 -
600 |-

400 F

dN/dp / (0.001 GeV/c)™

200 F

}
4

>

2 2 2 2 2 <
o
’ 70F Q =569MeV FQ =61.7MeVy F Q =665MeV | 7
0.15 0.2 0.3 0.35 pd - 3H€(T[T[T[)O 60F : . -H“': 1 N
= | )
Pi,, / GeVic 50F .
— - 40F ()
BTN [ . . . par
. Sum over p_ = 1.70 GeVic « signal contribution 0f 3
AL extracted for 100 bins in 1o} * g

Q0 dag | 2 M n
= e by costy ' Q,=71.3MeV | Q,=76.1 MeV i
§ ?.'4?_,_*_ I . ' ) 3
o) ‘ Bsgnela(ﬂiﬁ?) -P'_'é.ﬂfi ) ] ) ) -a-;
R e T - relative normalization :
= performed using pd - pd

—+— this work - Sum FT5 .
eerseesseee Scattenn - - - n N n " n n
012 0.14 016 0.18 0.2 022 0.24 g -05 0 0.5 -0.5 0* 0.5 -05 0 0.5
-t/ (GeV/ic)? cos6;,

pd — *Hen

Physics Letters B 782 (2018) 297-304

missing mass analysis,
no n reconstruction

strong signal on top of
background from
pd - *He(nm)° and

do/dQ / nb/sr

Q,=136MeV |0, =184MeV | Q,=282MeV
] +, .4
- Q,=28.0MeV | Q, =328 MeV

- Q, =42.5MeV

F Q, =47.2MeV

o°
o
o

3
OOGDOOO .

Nils Hlisken for the WASA-at-COSY Collaboration

MESON2018 - June 8t", 2018
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n production in pd - *Hen

statistical precision:

O
O

2.2 % point-to-point
1.1 % chain-to-point

systematic uncertainty:

O
O

normalization (16.3 %)
assumptions on elastic
scattering distribution
rest-gas distribution
angle reconstruction

variation around Q =~ 50 MeV
not confirmed:

©)

caused by normalization using
single-pion production

total cross section o/ nb

600

500

400

300

200

100

1.6

P, / GeV/c

1.8

d Ljrrrrprrrryrrrerproenrgrernngrrrrgprnrig
REREN RELLN LELL] LLLL BLERY BRLL

I L] L] L] I

| L |
e
L ]
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LK W

o L o o 1]

SATURNE: SPES-IV (1988)

—#— SATURNE: SPES-II (1996)
——4— COSY: GEM (2000)

ﬁ TSL: WASA/PROMICE (2002)
—— COSY: COSY-11 (2007)
——4—— COSY: COSY-11 (2007)
—+— COSY: ANKE (2007/2009)
—4&— COSY: WASA-at-COSY (2014)
——— COSY: WASA-at-COSY (this work)

0 20

40

60

80 100
excess energy Q / MeV

Physics Letters B 782 (2018) 297-304

Nils Hlisken for the WASA-at-COSY Collaboration

MESON2018 - June 8t", 2018
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n decays

Nils Hlisken for the WASA-at-COSY Collaboration

MESON2018 - June 8t", 2018

17



—_— " — WWU

MUNSTER

7 meson decays as a laboratory

« 1 meson ((I9)J°¢ = (07)0~ 1) is an eigenstate to
P, C, G and CP

« all strong and electromagnetic decays
forbidden to first order

> long lifetime of 7 ~ 5 x 1071%
» no dominating decay mode

> ideal environment to search for rare or
forbidden decays

S

14

(rrmr)

[

14

hadronic decays:
* isospin breaking
« m, —m, difference

radiative decays:

* quantum anomalies

o mrr-interaction

(semi-)leptonic decays:

» form factors
* beyond standard model

physics

Nils Hisken for the WASA-at-COSY Collaboration MESON2018 - June 8th, 2018
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7 meson decays as a laboratory

Branching Ratio Topic to investigate

n - n'n'n? (32.68 + 0.23)% Dalitz plot analysis
n->ntnn® (22.92 + 0.28)% Dalitz plot analysis
n-ontnTy (4.22 + 0.08)% Box anomaly, #*n~ interaction
n-oetey (6.9+0.4) x 1073 Transition form factor
n - noyy (2.56 + 0.22) x 10~* xPT
n-ontn-ete” (2.68+0.11) x 10~* Search for CP violation
n—eteete” (2.40 4+ 0.22) x 107> Transition form factor
n - nlete” <4x10°° C violation, BSM physics
n—-oete” <23x10°° BSM physics

Chin. Phys. C, 40, 100001 (2016) and 2017 update

Nils Hisken for the WASA-at-COSY Collaboration MESON2018 - June 8th, 2018
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7 meson decays as a laboratory

Branching Ratio Topic to investigate

n - n°non° (32.68 + 0.23)% Dalitz plot analysis
n - ntn n° (22.92 + 0.28)% Dalitz plot analysis
n-ontnTy (4.22 + 0.08)% Box anomaly, #*n~ interaction
| | n—etey (6.9+0.4) x 1073 | Transition form factor g Y el
n - noyy (2.56 + 0.22) x 10~* xPT
(77 > ntn ete” (2.68+0.11) x 10~* Search for CP violation

—>ete ete”

(240 + 0.22) x 107> Transition form factor
<4x10°° C violation| BSM physics
| n-oete” <23x10°° BSM physics

Chin. Phys. C, 40, 100001 (2016) and 2017 update

0,+,—
n—ome e see: Talk by D. Pszczel,
Monday, 3:45pm

Nils Hisken for the WASA-at-COSY Collaboration MESON2018 - June 8th, 2018



—_— " — WWU

MUNSTER

7 meson decays as a laboratory

6000

5000

4000

Entries/(1 MeV/c?)

3000

2000

1000

x10°
C «10? - nil:"
o 4000%— - = 3 450
- s i s
[ 3000F :, - 7]
g 25005— ' ) g 400
- 2000F . = = 350
- 1s00f P - 3
[ 1000f e - © » 300
[ E o £ % - - Qe s
E soowrﬁﬁ.ﬁ..___ - o S 250
__ .P : 0% oo B MissolnsgeMass ]I';se?[Ger(?Z] ’ " = g w
- o = < 200
- ()]
— 3 >
£ . &’ 100
B 14 50
L K=
- o

PO [T SN TN SN NN TN TN T (T SN TN TR (NN SN SN SR (NN SN SN SO (N ST T TN (N T SN

0.46 0.48 0.5 0.52 0.54 0.56 0.58 0.6 (9

MM(*He) [GeV/c?]

30 x 10°n events in pd - *Hen

*He greatly aids in clean event selection
good signal/background ratio

x10°

E  N(+q-q)=1and N(y)= 2

3 %

= ol °:

- 0

= [

r <t

E wn .

= o

= n

- e

E 1 1 I 1 L 1 1 I 1 1 1 1 I 1 1 1 1 :l L 1 1 1 I 1 1 1 1
35 0.4 0.45 0.5 0.55 0.6 0.65

Missing mass (pbeam, pwrget

e, p) [ %]

500 x 10° n events in pp - ppn

very large statistics
worse signal/background ratio, smaller
reconstruction efficiency

D. Lersch, PhD thesis, Wuppertal, 2014

Nils Hlisken for the WASA-at-COSY Collaboration

MESON2018 - June 8th, 2
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n meson decays as a laboratory

6000

5000

4000

Entries/(1 MeV/c?)

3000

2000

1000

x10°
C «10? - nil:"
C 4000%— - - 3 450
- s i s
[ 3000F :, - )
g 25005— ' ) g 400
- 2000F . S = 350
- 1s00f P - 3
[ 1000f e - © » 300
[ E o £ % - - e s
E SOOMAE_#J,_T.__ - o S 250
__ .P : 0% oo B MissolnsgeMass ]Hse?[Gert?z] ’ " = g w
= o = < 200
- ()]
— 3 >
£ . &’ 100
B 14 50
L =
i P B N B B B B

0.46 0.48 0.5 0.52 0.54 0.56 0.58 0.6 (9

MM(*He) [GeV/c?]

30 x 10°n events in pd - *Hen

*He greatly aids in clean event selection
good signal/background ratio

x10°

E  N(+q-q)=1and N(y)= 2 Q

= '\< \

3 . >l

= ol °:

= A 0 .

= ~

r <t

P

= o .

= n

- e

E 1 1 I 1 L 1 1 I 1 1 1 1 I 1 1 1 1 :l L 1 1 1 I 1 1 1 1
35 0.4 0.45 0.5 0.55 0.6 0.65

Missing mass (pmm, pwrget

e, p) [ %]

500 x 10° n events in pp - ppn

very large statistics
worse signal/background ratio, smaller
reconstruction efficiency

D. Lersch, PhD thesis, Wuppertal, 2014

Nils Hlisken for the WASA-at-COSY Collaboration

MESON2018 - June 8th, 2
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7 meson decays as a laboratory

Phys. Rev. C 94, 065206

= 0.02¢ E or — n—e'ey MC
« PID: p ted by Boatal E ~
e T[ , P S€parate AE Vs q:p S0018E ok N e 2500
d — Q .
S Absorber TOF 50-016: Conversion Cut (0)
Solencid  t MPC FTH 20.014F ;
SEC oen A FPC FVH dg; . E s . 2000
/ ©0.012— o : =
5 o Conversion
ﬂ g 0.01— : - 1500
] £ e .
0.008F | -
COSY o 0.006/— P 4 | 1000
beam F iy b <
0.0041— e y e BER
ki IS 500
0.002f ;
PSB U ; .
$“Htuux.,‘.x.,..l...1...|....|....|....l....| R, e
5 04 03 -02 01 0 01 02 03 04 05 S GiEIN0/02 B 0103 N0 DA BN 0 0 SII0I06 N0 10750
tum x ch GeV/ AT eI P :
50em FRH momentum x charge [GeV/c] Invariant Mass e'e” at Beam Pipe [GeV/c?]
Central Detector Forward Detector 30
Data - 2008+2009
.

« exclude ete™ pairs from conversion on
detector material (e.g., on the beampipe)

Conversion [B:

1
.
]

50 40

40 } : s
30/ Rejected
30 a 2 . 10
20(— -l
e 20 : > |
©9 10 o 5
10 F ‘ 4
beam = beam | | 0 (1] S I e i P A IR 0
B pipe _%_5 .04 _03 .02 _01 0 01 02 0.3 04 05 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07
i ) R momentum x charge [GeVi/c] Invariant Mass e’e” at Beam Pipe [GeV/c?]
Electrons from Origin Conversion Event

Nils Hisken for the WASA-at-COSY Collaboration MESON2018 - June 8th, 2018 23
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n—oyete andn-etee’e”

Form factor:

. dar dar
- Dalitz decay: e (d_qz)QED X |F(g*)|?

> measure BR(n - yete™) & IM(ete™)
> PDG: BR(n > yete™) =(69+0.4)x 1073

Muon gy — 2: Hadronic light-by-light
one of the largest uncertainties in the
theoretical calculation of g, — 2

- depends on meson form factor F(q?,q%)

« (double-)Dalitz decays help in determining
F(q?,q3%) for g2 > 0,q5 =0 and g? > 0,95 > 0

« double-Dalitz decay:
> measure BR(n - eTe"ete™)

> PDG: BR(n > ete ete”) =(24+02+0.1) x 107>

Nils Hisken for the WASA-at-COSY Collaboration MESON2018 - June 8t, 2018
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+ e e
n—->ye'e-andn-oeee’e
-~ o 10[ G F
o T < [ -eWASA o [
S [ 14.040 +120 i W S MAMLC S [ 18.4+4.9
=20~ p-ye'e” events | -+ NAB0 = ;5 n—>ete"ete” events
__S_ - ; - — Fitto all points g - L e
g . F g | . .
5 1500~ ¥ s 5 5
A B & 10— § §
i t B i E
1000(— - | ;
i £ - : !
B ' R 5_— Phys. Rev. C 94, 065206
500(— # 1}'#7 T i | 5
| Phys. Rev. C 94, 065206 i, _+ + + +
- | ) ] ""-.,_‘4 ) f arX|v 1203 ?756 [nucl ex] 9— 3 } : : ‘ : : : : oy |
0046 048 05 052 054 056 058 0. - T 45 05 0.55 0.
MM(*He) [GeV/c?] 0002 0 3 [(";;‘wc ]'5 MM(*He) [GeV/c?]
Resulting Branching ratio: Form factor: Resulting Branching ratio:
F(noye*te”) _ _2 « consistent with other . T(meteeter) —4
ooy = (297 £ 0.03 £ 0.13) X 10 e rominy = (14 +0.430.2) X 107
* BR(n-vye*e™) =(6.72+0.07 + 0.31) x 1073 « BR(n—-eteete”)=(3.2+09+05)x 1075
« PDG: BR(n > yete™) =(69+0.4)x 1073 « PDG:BR=(244+024+0.1)%x10°

Nils Hisken for the WASA-at-COSY Collaboration MESON2018 - June 8t, 2018 25
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+ + = pt p—
n—-yee  andn-oe’ee’e
-~ o 100 G F
I = [ - WASA o [
S [ 14.040 £ 120 } W | CRAPS MAMLC > [ 18.4+4.9
=20~ p-ye'e” events | -+ NAB0 =5 noe‘ee’e” events
= L - —— Fitto all points - | .-
~ B i = i g
[} L [71]
‘%1500_— } ﬁ i
5 i Tt &G 10/
L : i i :
1000(— ! i §
: 3 4T i o
i e ._—; i 5— Phys. Rev. C 94, 065206 + § + + :
500__ ¥ ]TTT'JIT T I : :
| Phys. Rev. C 94, 065206 . T —+ + + + §
- | i ] ...."5-:4 ) f arX|v 1203 ?756 [nucl-ex] 9- - : : : : : : ; : oy |
0 b T - — 45 0.5 0.55 0.
046 048 05 052 054 M0M5(63 He)o[.g;ewcg].a 0 0 1 02 0 3 n (_0; gVIc ].5 MMCHe) [GeV/e?]
Resulting Branching ratio:

T(noyere?) _ (2.97 + 0.03 + 0.13) x 102 > based on the pd - SHEU dataset

: E;(ZEZT;?+€—) — (6724 0.07 4 0.31) x 10-% > 16 x the statistics available in pp — ppn
. PDG: BR(n — yete™) = (6.9 + 0.4) x 10-3 » currently being analyzed (see Talk by D. Pszczel)

Nils Hisken for the WASA-at-COSY Collaboration MESON2018 - June 8t, 2018 26
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n-ontn ete”

n-ontnTy:

> Idea:
« CP-conserving for M1 and E2 transitions measure n -t [y* - e*te] instead
« (CP-violating for E1 transitions « study asymmetry
« would have to measure y polarization

Al — N(sin¢cos¢p > 0) — N(sin¢cos ¢ < 0)
?~ N(sin¢cos¢ > 0) + N(sin ¢ cos ¢ < 0)

« PDG:

BR(n »>ntm ete™) = (2.68 £+ 0.11) x 10~

Phys. Rev. C 94, 065206

Ap=(—0.6+25+1.8)x 1072
dihedral angle ¢:

angle between decay planes of t*n~ and ete”

« Theory: 44 < 1%
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n-ontn ete”

Entries / (1 MeV/c?)

[£4]
o

F-Y
o

llllllllllT

30

20

10

Data
— — Background fit
Simulations

215+ 17
- n-ontn ete” events

TTIIIIIIIIIII[T

Phys. Rev. C 94, 065206 }

Dl
s ||t |00 k0 0 B 0

~ 048 05

s 9% T Wiy Wi S0 o HH-oipiels
0.5 0.56 0.58

MM(*He) [GeV/c?]

avh
0.54

Entries / (0.04)

BR(n »ntn ete™)=(274+0.2+0.2) x 107*
PDG: BR(n > ntn~ete™) = (2.68 £ 0.11) x 10~*

dihedral angle ¢:
angle between decay planes of t*n~ and ete”

45 = —e—— n—m'me’e events (includes background)
403 ---------- Flat reference distribution -
351 A :N(sin¢cosq§>O)—N(Sin¢cos¢<0)
<0F- ®~ N(singcos¢ > 0) + N(singcosg < 0) i
251
- Phys. Rev. C 94, 065206 .
20— +
15
1 Bt
£ THRT s trerl 4 +
:I 111 I L1 1 1 ‘ L1 1 1 I . | L1 1 1 I 1 | I 1111 | | I L1 1 | ‘ L1 1 1
-05 -04 -03 -02 -01 0 0.1 0.2 03 0.4 0.5
sin ¢ cos ¢

Ap=(-1146.6%0.2) x 1072
PDG: Ay = (0.6 £2.5+1.8) X 107*
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n - nlete” p \
« search for C-parity violation in standard model decay
1078 EiQ - search for beyond standard model decays via dark
= bosons
10 = - » 3 orders of magnitude between best upper limit and
105 - S highest standard model prediction y
10° = [+
107 & , L
— d ,/// —
108 P [
0 L7
107 n n
1077 « single y* decay violates C-parity
101 « allowed standard model decay via
y*y* predicted BR ~ 1078 ...107 11
107 0
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n - nlete”

arXiv:1802.08642 [hep-ex], submitted to PLB

BR | | 3 . f 5 5

102 = * no signal found in pd — °Hen o . .

= = : :

4 [ X :

105 = > new upper limit: S 1= E I ;

ol et T s

10° £ BRyireual( = m0e*e™) < 7.5 X 10 : | - L * :

= 1 . :

7 B o :

10 - BRphase( = mleTe™) < 9.5x107° > 10" 3 I :

10° & < »y © E : ;

10° & PDG: BR<4x107° I :

10 8 : 5

1077 E > still ways to go to reach the 107 ;
11 R —fLf T I Y N I Y I S IS NS B
o B snderd ol predicins
1012 = Sata in vy o pps invariant mass e*eyy / (GeV/c?)
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Summary

n-production:

« new results for 4, in pp - ppn

o more precise by an order of magnitude

o data suggests pure s-wave production at Q = 15 MeV

o evidence for higher partial waves at Q = 72 MeV

o provides stringent limits on existing and future
theoretical models

« new results for a(Q) and do/dQ in pd — *Hen
o first time a continuous, high statistics dataset is
available away from the production threshold
o unveils a prominent structure in ¢(Q)
o detailed do/dQ serve as benchmark for future models

n-decays:

« large datasamples
o 30x10%7n in pd - 3Hen
o 500x10°n in pp = ppn
o allows to search for rare and forbidden decays

« published results in pd — *Hen
o n-ontn n° o n-oetey
o nontnTy o n-oeteete”
o nontn ete” o n-omnlete”

« analyses of the larger pp - ppn sample ongoing
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Thank you for your attention!
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