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Production of (pseudoscalar) mesons in pd collisions:

 many open questions: pd — SHeX
— production mechanism X
— role of nucleon resonances p _
: . - : production
— in-medium modifications
— final state interactions d —5He

— multi-body interactions

» possible final states X:
— single meson: *Hen?, *Hen, (*Hew, *Hen’)
— two mesons: *Hen’n®, 3Hen n~
— three mesons: *Hen’n’n®, 3Hentn~m®




Meson production in pd fusion — "

MUNSTER

Production of (pseudoscalar) mesons in pd collisions:

 many open questions: pd — SHeX
— production mechanism X
— role of nucleon resonances p _
: . - : production
— in-medium modifications
— final state interactions d —5He

— multi-body interactions

» possible final states X:
— single meson: *Hen?, *Hen, (*Hew, *Hen’)
— two mesons: *Hen’n®, 3Hen n~
— three mesons: *Hen’n’n®, 3Hentn~m®




WASA-at-COSY WesroRuscne

MUNSTER

7 Estonia
Baltic Sea ;
Latwa

North Sea et N VN

" United L|thuan|a g

M Kingdom Denmark ~
[ EN % —

\ Belarus \
\ :

Netherlands ¢~ Poland i A
-} f '€ g

oy Germany ) , .
A ’ S 6 / Ukraine
\J : ) F

\.Czech Rep A"\/~"A

‘ 3 . £
~ Slogaklav " Moldova

f \ ~
‘Austrla 7” Fonoary -\gl ﬁ;;
\ “/.—i\ H " Y
3 N \\L Romania P A{ﬁ
C. oatla/\? v J
\Serbla /’1——-—/\
N

.  '$¥~ . Italy N /J\/u Bulgar}a

.

a ; A
I
O ))) , Q llvmg.knowledge
OJUUCH C | WWU Munster

Nils Husken INPC2016, Adelaide, September 15th, 2016 2




WASA-at-COSY — T e

L MUNSTER

- —

o g A » polarized and unpolarized proton and deuteron beams
. o
./ ﬁ,;—ygamer Bucket g
{ =" e JNE « momentum range from 0.3 GeV/c to 3.7 GeV/c
i(i g?iidrupole J%Q,% HE Polarimeter \;\i' Eif.
%/ RF solencid * /7 % WASA: internal experiment, proton or deuteron pellet target

WY

H— LE Polarimeter

S)&/?%ron === Y, | Polarized and
- i Unpolarized
B B lon Source
H H /D D"
10m

Nils Husken INPC2016, Adelaide, September 15th, 2016



WASA-at-COSY — T e

MUNSTER

Pellet lin
° Central deteCtor: Solenoid ) e§ ) Tracking Detectors
— solenoid & drift chamber .
— plastic scintillator -
— calorimeter
 Forward detector: J.COSY i g
— proportional chamber beam I
— scintillators
« near 4m-coverage // I
» detection & reconstruction of _ hin Plastic Seintillators \
T[i, ei, Y, P, d and 3He EM Calorimeter : e Range Hodoscope
_ x10° o
& af ; > g ..
25 S : preliminary
S = |
3 % . £
S 5k =
o r
Sa -
W3k v <
S o/ M
% 1;_‘ f.\“‘m
. 0" b b T e e e
-03-02-01 0 0.1 0.2 0.3 0 01 02 03 0-42 ) : _ s : 000 04
Q . P / GeV/C IM?‘;‘ / GeV/C AE FTH1/ GeV

Nils Husken INPC2016, Adelaide, September 15th, 2016



WASA-at-COSY — T e

MUNSTER

o calibration can be checked with
two-particle kinematics
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« Haider & Liu (1986): nN interaction attractive in s-wave
— Inspired search for n-mesic nuclei

» large database near threshold » large theory effort
— steeprise for Q < 1.5 MeV — two-step (three-body) process
— attributed to quasi-bound 3Hen nicely describes data

— FSI plays a strong role
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« normalizing to ANKE (2009) and WASA-at-COSY (2014) -+« normalizing to unity, compare between energies:

measurements: — distributions remarkably similar down
— nice agreement with previous WASA-at-COSY data to Q = 40 MeV
— systematics in check — for lower Q, distributions become more flat
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« normalizing to ANKE (2009) and WASA-at-COSY (2014) -+« normalizing to unity, compare between energies:

measurements: — distributions remarkably similar down
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« normalizing to ANKE (2009) and WASA-at-COSY (2014) -+« normalizing to unity, compare between energies:

measurements: — distributions remarkably similar down
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« normalizing to ANKE (2009) and WASA-at-COSY (2014) -+« normalizing to unity, compare between energies:

measurements: — distributions remarkably similar down
— nice agreement with previous WASA-at-COSY data to Q = 40 MeV
— systematics in check — for lower Q, distributions become more flat
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* normalizing to ANKE (2009) and WASA-at-COSY (2014) .

measurements:

systematics in check
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« normalizing to ANKE (2009) and WASA-at-COSY (2014) -+« normalizing to unity, compare between energies:

measurements: — distributions remarkably similar down
— nice agreement with previous WASA-at-COSY data to Q = 40 MeV
— systematics in check — for lower Q, distributions become more flat
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* normalizing to ANKE (2009) and WASA-at-COSY (2014) .

measurements:

— nice agreement with previous WASA-at-COSY data

— systematics in check

normalizing to unity, compare between energies:
— distributions remarkably similar down
to Q = 40 MeV
— for lower Q, distributions become more flat
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« normalizing to ANKE (2009) and WASA-at-COSY (2014) -+« normalizing to unity, compare between energies:

measurements: — distributions remarkably similar down
— nice agreement with previous WASA-at-COSY data to Q = 40 MeV
— systematics in check — for lower Q, distributions become more flat
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« normalizing to ANKE (2009) and WASA-at-COSY (2014) -+« normalizing to unity, compare between energies:

measurements: — distributions remarkably similar down
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« normalizing to ANKE (2009) and WASA-at-COSY (2014) -+« normalizing to unity, compare between energies:

measurements: — distributions remarkably similar down
— nice agreement with previous WASA-at-COSY data to Q = 40 MeV
— systematics in check — for lower Q, distributions become more flat
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« normalizing to ANKE (2009) and WASA-at-COSY (2014) -+« normalizing to unity, compare between energies:

measurements: — distributions remarkably similar down
— nice agreement with previous WASA-at-COSY data to Q = 40 MeV
— systematics in check — for lower Q, distributions become more flat
E 70 E_ A COSY: WASA-at-COSY (this work - SC0) 3 008 ;_
'8 E A COSY: WASA-at-COSY (this work - SC1) + "Tm 0.07 - Q = 13.63 Mev
a 60 — A COSY: WASA-at-COSY (this work - SC2) l l 1 &? . =
o — COSY: ANKE (2009) =t :i_:*ﬂ + O 0.06 :_
_8 E COSY: WASA-at-COSY (2014) {’_— : 0.05 == -
40 = _ r‘#ﬁf{— { & = :
o E | # 5 0.04 N
- o n 0.03
20 £ AT -
10 = ';&{—F‘:_{_ preliminary 0.01 ;— preliminary
0:!:&—7;’;‘=IIII 0:| T
-1 -0.5 0 0.5 1 g _ 0.5 1
cosdy" cosoy"

Nils Hisken INPC2016, Adelaide, September 15th, 2016



n° production —— " —— wemene

L MUNSTER

[ T 73 )
 broad database for cos9,0 = +1 s " SATURNE: SPES-IV (1985) { dp—sHer
T £ U SATURNE: SPES-IV (1985) ! o
. : . o : e Y SATURNE: SPES-IV (1986) e ] ©
« little information on angular distributions g 5 ol y
© cosV_o = —1 2 > <
) ) ) ) T 102 n » w0l T o
« regularly used for luminosity determination : 3 1[ o
in pd — 3HeX reactions i ; 3””‘& 152
L 200 } .
. . . [ S &
» extracting more information on angular - ol g B 25
distributions highly useful ok oWl e S
600 800 1000 1200 1400 - O s8¢ o Q
o P. Adlarson et al., Eur. Phys. J. A 50, 100 (2014) Tp/MeV
. 4 =
(o] - B A 4 + 10°
= 50 Jc#j_..;:f TP L 1740 X45 P
o = e Q - . 2
= 3F LAF = 17201 v2
@ 25 s o= 1700 - 35 o
3 2F > p = 1.65 GeVic 1680 E- s
E - + C 25 +—
T 15 ;— '4,;*_ SC1 FT2 1660 ;— 5 ;
:_ —+— data (acc. corr.) - 15 :_.;
1 E, ) N aﬂ.(1+£ai.(cosﬁ+1)i) 1640 E ’ _8_
05 preliminary FINDF - 113 1620 £ _— 05 @
S I I B I B T D T 1600 (¢ .prel.'mm.ary -8
1 -095 -09 -0.85 -0.8 -0.75 -0.7 -0.65 -0.6 -0.55 T 09 08 07 os o o4 )
COSBy’ cosHe’ c%

Nils Hisken INPC2016, Adelaide, September 15th, 2016



n°1° production ——— e

MUNSTER

ha
(3]

- ABC effect discovered in 1960 Caa e T | > g8
. — 60 = o
by Abashian, Booth & Crowe c S 20 .«
S o 1 3 AN
. . g %15] 83
* first exclusive measurement w40 1 = 3
. r=] c .-
only in 2005 3 1 § 10 S5
8|S 20 © @ g
. S|s A. Abashian et al., 5t 0 <
« many explanations explored © B. Phys.Rev.Lett5:258-260, 1060 \ 4 T =3
—_ T[T['FSI | OIFI—IJIE__L . I.IEG 1 I.:"iG 1 1.‘:‘0 i I.éG I L&D ng E’nus n|4 u|5 oo
— AA prOdUCUOn He® momentum (BeV/c) ] - M .,, [GE:WC E].
— recently: dibaryon d*(2380)
ﬂ g7 pn —» dn’m 2
n ) o 0.4;— *é‘v
& - 9
d 0.3:— §
A C '8
P 0.2
' o. 1f_dr:r: threshold
e connection to 3He double ;

o o 22 e Y
pionic fusion” \s [GeV]




WILHELMS-UNIVERSITAT
MUNSTER

% production R

A « n° reconstructed in yy decay
S : .
37 ~ 2Dacceptance  §" . kinematically complete
3 2 " _‘ * measurement of all final
S 4 3 i state particles
% £ o1t eliminate background a5 — reliminary I kinematic fit can be used
2 E_ :,%‘ o) P R I E N S T 0 P =TT P P P PR TT PUD PTR TR A .
S 15 »..“M-«—- 0 0.1 0.2 0.3 04 MMJ(:'S/ GeV/:(:)z‘s 0 0.05 0.1 0.15 0.2 0.25 0.3 0.352 0.4 0A45202.s ° 2D acceptance correction
O bl Tl o (IM(n°n%))* / (GeV/c?)
0 01 02 03 04 performed
IM,,, / GeV/c?
3
- 4010 . < 25’“03+ o 11.5F — 19
0.0 o §35;_ HL preliminary i;: mﬂ pre”minary (:‘(2 11;_ pre|lmll‘lal’y 18
* IM(t"1t") exhibits clearly 90 P B > : 1.6
visible ABC enhancement o % o a Q 10.5F 1.4
S 25 * S = 10F 1.2
+ IM(Hen?®) hints at A- =2 2 F osb s
. . ® L ® ~E .
contributions w15 = T oF 0.6
+ high statistics allow detailed £ " = 8.5k o
differential distributions i gb . Ml
0 0 01 02 03 04
8 9 10 11 12 0 01 02 03 04 05 ||V|20 ./ (GeV/cZ)z

INE,_ o/ GeV/c? IMZ, . / GeV2/c?
All figures from: L. Wolfer, BSc Thesis

Nils Husken INPC2016, Adelaide, September 15th, 2016



Summary & Outlook — —— e

MUNSTER

- new pd — *HeX dataset at 15 different p,, between g 2200 : }HH preliminary
1.60 GeV/c and 1.74 GeV/c 8o || fiy @
S 1600 = J( Jﬂj <
S 1400 O
* NO consensus on the n-production mechanism < 1200 £ Hﬁﬁﬂﬁ#ﬁm { 2
away from threshold § ‘ggg: | ++H+++HH++HM ﬁH H g
TS 600 } H D
. detailed investigation of 9 and Q dependency will roo £ M >
provide new insight o ot
025 03 035 04 045 05 055 06 0865
_ _ IM(r*r) / (GeV/c?)
- considerable extension of the current *Hem®
database LY S ]
D 18 | — Elastl.c Sca.ttenng | i
o 3Henn® can be studied in unprecedented detail 5 Quasiclastio Seatternd | g
10 — o
« SHen™n™ currently under investigation 8 g
6 — %
| o | | | . o
- (relative) normalization using pd elastic scattering e TS preliminary | -

20 40 60 80 100 120 140 160 180




WESTFALISCHE
WILHELMS-UNIVERSITAT
MUNSTER

Thank you for your attention!

§ g

fmwggl%wa fzﬁgnew 'ppot‘ed by 7Eh
o P LU yip yOE @ o oo “ |
‘fhr Alfons | [th?blﬂle 11 il iproforicol

|

" LLLLI;L[ILULLEEUJ

. i3 ruﬁaté IFI\Q’CﬁI’ﬁ [t tﬁ il |ii m \ ml | |T'alﬂ‘dl|’[h@ WhOlé Eh _E"‘ :
' KarstemSI»tﬁmt_*e? :ﬁpSY Collaboratlon

amtthe—European Union Seveﬁi& mework

7 = : = = === i : Programme(FP?/ZOO? 2013) unde Wreementn 283286
Nils Hisken INPC2016 Adelalde September 15th, 2016




Hert’n® and the d*(2380) resonance

G [ub]

ABC resonance model
— — - t-channel AA contribution

----- d* contribution
[] CELSIUS/WASAT,=0.895 GeV

WASA-at-COSY T = 1.0 GeV
[ WASA-at-COSY T, =1.7 GeV

CELSIUS

| il -‘l- -‘-L
3.8 4
\s [GeV]

E. Pérez del Rio: ABC Effect and d*
Resonance in Double-Pionic Fusion to 3He

Nils Husken

2
MsHen“
)

[GeVZct]

3.24 GeV <\/5 < 3.26 GeV

11‘3. 26 GeV =\s < 3.28 GeV

0.0

1‘3.23 GeV =v/s = 3.30 GeV

0.02

[ 0.02
10 0.015 10k
0.01 3

i 0.01
9 9
0.005 [

8 1 1 1 B [ 1 1 1

1}.34 GeV =v/s < 3.36 GeV

3.30 GeV <\'s < 3.32 GeV

0.0,

=

0.06}

0.08

w
T

0.0

3.40 GeV =\/s < 3.42 GeV

| I BT |

w
T

1 0.2 03 - IO.4
mLE [GeVZic’]

INPC2016, Adelaide, September 15th, 2016

[ub/bin]

2
Han"

L3

d*sldmZ,_d

—— —— WESTFALISCHE

WILHELMS-UNIVERSITAT

L MUNSTER

[ 3.24 GeV =\s < 3.26 GeV

3.26 GeV <\5 < 3.28 GeV

[ 3.28 GeV <\5 < 3.30 GeV

| 3.30 GeV =\s = 3.32 GeV

=
]

™

doldM , , [ub/(GeVic?)]
%1

3.32 GeV <\5 < 3.34 GeV

3.38 GeV <\5 < 3.40 GeV

Mnnro [GE\”CZ]

10+ - +

5 L

g-u |I||||I|:|-|T|-|“| [P P <1 i i e N NPT e,
02 03 04 05 06 03 04 05 06 03 04 05 06 07




—— —— WESTFALISCHE

WILHELMS-UNIVERSITAT
L MUNSTER

_ 10° 10° - 10° x10°
o agE \s=3375GeV E A 5=3.379 Ge o 4 E {5=3413GeV s =3. e
a # S =3.375 GeV 4% 5=3.379 GeV - S =3413 GeV S = 3418 GeV
+ PR : L :
8 wp P 2 2 *': 3 »f 2
g E . E N + g BE
S 2f e nf
i 15;— & 15;—
E 0E E g
=1 E 5 E
z °F¢ T sp
=1 E T E
G E 4 VS =3.384 GeV [ (s = 3.380 GeV - [5=3418GeV | 5 =3.418 GeV
2 =g Juls=3 eV E y Vs =3. Se 2 s {s=3. eV b s =3. 3
E F E E A
8 »Ef . - R > 8 wf ;— FiA -
g =f 3 R © g =f ©
% 0E e * £ % 20E =
LY asE 2 £ ¥ sk =
= 3 = = LB =
T UF E ] =l (3]
5 sf 3 = 3 sp —
E E o E o
- E — E — - E
o g E Vs =3.394 GeV E s =3.399 Ge 0 b Vs =3. Se
2 wuf [5=3304 GeV [ s = 3399 GeV : g 5 = 3428 GeV
& xf = 3 mf 2
(=] E E [=] E
S 2B5p 3 S BE
o E E o E
= wf = =
¥ sk = ¥ 15
g E g =N
g og 3 s i3
T 5F E T 5E
pEg—. RO {5=3432GeV [ Vs = 3.437 GeV
> 7 > 7 :
g TF Hn 3 O wE 3
g »E 3 »E e
2 E 2 E E
:} 205— :}' 2[)5—
,g 155_ vg 155—
5 WE 3 W[
% E % E
s sE

i ' 1 11 11
IME - ! GeVEie* IME ./ GeVict I, | GeVic® I, GeV2iet

All figures from: L. Wolfer, BSc Thesis

Nils Husken INPC2016, Adelaide, September 15th, 2016




e
—
—— —— WESTFALISCHE

WILHELMS-UNIVERSITAT

L MUNSTER

_ 10° . 10 10
s b # : A: :
A 5=3375GeV | :% b 5=3413Gev | (s = 3418 GeV
& r b £ b
8 15k 8 50 >
a8 e = £ @©
=3 £ 2 E
= 1f = 10F =
} -
El: Ell: c
T & . ] - —
Z ¢ Q 3 QO
O - : - o I = ais ooy | T 3418 oy
= wf Vs =3384 GeV L Vs = 3.3890 GeV ?‘3 [ V5 =3.418 GeV Ly Vs =3.418 Ge
o T F r C i
r r o
;— o
= wob 2 JF of
F F = n
5 F . 2 L
s °r 3 5 7
) o £ z F
% xE {5=3.304 GeV [ (s = 3.390 GeV ‘3 20F (5=3423GeV | Vs =3.428 GeV
r r e L -
g 15E - E sE
“‘._52: 10;— — ‘E{ 10 e
-3 £ N i< [
z 5 - Z 51
= C [ ° E
A : R :
"§ 2oF VS =3.404 GeV | VS = 3.408 GeV Z b 5=3432GeV | Vs = 3.437 GeV
B 20 E F "
E [ 9 E
g 15F S 5 * =
X of X b
F C 5
2 sk 3 sf
. 04 - 04 0.3 0.4
IMZ, .7 Geviet M2, 1 Geviie? M. 1 Geviet

All figures from: L. Wolfer, BSc Thesis

Nils Hisken




Nils Hisken

IMZ o0 / (GEVIC?Y

INE,,0 / (GeVic?

INB,.. | (GeV/ic?P

11
10.5
10
9.5

8.5

11
10.5
10
9.5

8.5

11
10.5

3 V5 = 3.375 GeV {5 =3.379 GeV

E 1 1 I 1 : 1 1 PR 1 1

= Vs = 3.384 GeV VS = 3.380 GeV

E >
il S

E ®
2 c

3 [3
[ [l S

B : o
= 1 1 1 1 1 1 1 P

E Vs = 3.394 GeV .

; 1 PR B SRR S S SR S RS S SR N SRR S R SRR SRS SR S N

£ VS = 3.404 GeV {s = 3.408 GeV

02 03 04

INB. ../ (GeV/c2P

PEEFEEI BRI
03 04
INE + / (GeV/c?)

INPC2016, Adelaide

Ly
—
—— —— WESTFALISCHE

WILHELMS-UNIVERSITAT

L MUNSTER

1
10.5
10
95

IME o0 / (GEVIC?Y

8.5

11
10.5
10
9.5

INE,,.. / (GeVic?y

85

Lpreliminary

1
10.5

INE,. | (GeVIc?Y
>

©
o

b
[ I ]

Vs = 3428 GeV

IME, . / (GeVIc?f

RN R LR L L L L N N Rl R RN L R S N RN LN RN LR R SRR AL NN AR LR RRRRR LR

0.1 02

03 04
INB. ../ (GeV/c?

—55

03 04
IME . / (GeVic?)

All figures from: L. Wolfer, BSc Thesis

September 15th, 2016



—
—— —— WESTFALISCHE

WILHELMS-UNIVERSITAT

L MUNSTER

» subsequently, the dibaryon was confirmed in other channels
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