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« total and differential cross sections of the reaction dp - *Hen are of special interest
= differ strongly from a pure phase space behaviour

« indication of a quasi bound state of the *Hen-system

* high precision data from the ANKE spectrometer up to Q = 15 MeV
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« total and differential cross sections of the reaction dp - *Hen are of special interest
= differ strongly from a pure phase space behaviour

« indication of a quasi bound state of the *Hen-system

* high precision data from the ANKE spectrometer up to Q = 15 MeV
= extraction of total and differential cross sections
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« total and differential cross sections of the reaction dp - *Hen are of special interest
= differ strongly from a pure phase space behaviour

« indication of a quasi bound state of the *Hen-system

* high precision data from the ANKE spectrometer up to Q = 15 MeV

= extraction of total and differential cross sections
= overlap with data of the WASA experiment (previous talk of Nils HUsken)




MUNSTER

° °
IV I WILHELMS-UNIVERSITAT
1

)
=]
=]
=]

Normalization
uncertainties
not shown

600

500

400

?

ME: SPES-IV (1988)
ME: SPES-II (1996)
GEM (2000)

: WASAPROMICE (2002)
COSY-11 (2006)
COSY-11 (2007)
ANKE (2007/2009)
WASA (2014)

300

total cross section o /(nb

200

100

0
FEIFERY.

=]
CTETPTTTE e e et
My s |

20 20 40 50 60 FO 80 90 100 110 120
excess energy Q/ (MeV)

« total and differential cross sections of the reaction dp - *Hen are of special interest
= differ strongly from a pure phase space behaviour

« indication of a quasi bound state of the *Hen-system

* high precision data from the ANKE spectrometer up to Q = 15 MeV

= extraction of total and differential cross sections
= overlap with data of the WASA experiment (previous talk of Nils HUsken)
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» data show a distinct effect of an s- and p-wave interference

= rapid variation of the phase

1 T N S B = expected for a pole near threshold

40 60 80 100
n momentum p_ [MeVic]

 fask: investigate the behaviour of the asymmetry parameter a more precisely
= final state momentum p, very well-known (P. Goslawski)
= reduce uncertainties of a

« careful luminosity determination necessary
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» pre-accelerator JULIC

= protons: 45 MeV N
/ V4 ;;rr\ler Bucket WASA E‘ECUOH ANKE .‘).2‘3:%.. \ 1
= deuterons: 70 MeV 4 cauy .y
i K raction ig
: E‘ (F)as‘d I %%“(‘ HE :lt lt }' }
. uadrupole olarimeter —_ !
» storage ring COSY §\;/ “t, Vs &
RF Solenoid i 4
= length: 184 m 8 ';:,,:_EDPA PAX P

= momenta up to 3.7 GeV/c achievable
= 24 dipols (red)

= 56 quadrupol magnets (yellow)

* two cooling systems

= electron cooling
= Pbeam < 0.6 Ge\//C

11— LE Polarimeter

= stochastic cooling S:L;J/El%ron Polarized and
= Ppeam = (1.5 —3.3) GeV/c ~ Unpolarized
lon Source
H H/D D"

* possible momentum spread Ap/p =10"* 10m
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Magnetic Spectrometer ANKE —

Nd-System (17, K')
Cherenkov Counters
Scintillation Counters
MWPCs

Fd-System

COSY beam e (p. d, *He)
22 DC
Cluster-jet target (p,d) %%% MWPCs
Pd-System (m™, KT) %ﬁ? Scintillators
Spectator detector MWPCs @‘5@@
STT (silicon tracking telescope)  Scintillation Counters & dp - *Hen
Focual-surface telescopes % p+d- Pspectator +d+n

S. Barsov, Nuclear Instruments and Methods in Physics Research A 462 (2001) 364-381
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Forward Detection System —

Im
| l Fd-system
COSY beam
Scattering D2 magnet
chamber 3He
huclei
\'&
h Exit
window
Drift — Scintillation
chamber hodoscope
Cluster-jet 1st & 2nd Pd-Sidewall —
target MWPCs —

« frack reconstruction = three multiwire chambers (green)
« energy loss and time-of-flight measurements =




Measurements: Experimental Conditions

 data used for: high precision determination of the n meson mass (d + p - *He + n)
and studies on the two pion production (d +p - *He + nt + n~)

 supercycle mode: one supercycle consists of up to 7 different beam momenta
= 19 beam momenta close to n production threshold

| flattop 1st supercycle | 2nd supercycle | 3rd supercycle
pa ! (MeV/c) pa ! (MeV/c) pa ! (MeV/c)

0 3120.17(17) 3120.00(22) 3125

2 3146.41(17) 3147.35(17) 3146

3 3148.45(17) 3150.42(17) || = -
4 3152.45(17) 3154.49(17) 3157.48(22)
5 3158.71(17) 3162.78(17) 3160.62(22)

6 | 3168.05(17) 3172.15(17) || = -
_J 3177.51(17) 3184.87(17) 3204.16(23)
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Measurements: Experimental Conditions

 data used for: high precision determination of the n meson mass (d + p - *He + n)
and studies on the two pion production (d +p - *He + nt + n~)

 supercycle mode: one supercycle consists of up to 7 different beam momenta
= 19 beam momenta close to n production threshold

flattop 1st supercycle | 2nd supercycle | 3rd supercycle
pa | (MeV/c) pa | (MeV/c) pa ! (MeV/c)
0 3120.17(17) 3120.00(22) 3125
2 3146.41(17) 3147.35(17) 3146 below the n production
3 3148.45(17) 3150.42(17) | = - threshold (d + p — “He + 1)
4 3152.45(17 3154.49(17 3157.48(22 [oF eIsmeeI TeelE
ARl A1) i iIndependent background
5 3158.71(17) 3162.78(17) 3160.62(22) description
6 3168.05(17) 3172.1517) || = -
7 3177.51(17) 3184.87(17) 3204.16(23)




Normalization Reactiond+p - d +p e

« advantages of the dp-elastic i Dalhagav (pd->pd at 1000 MeV)

scattering as normalization reaction: Boschitz (pd->pd at 592 MeV)

Winkelmann (pd->pd at 800 MeV)

= broad data base of available
differential cross sections

=
o
o

Velichko (pd->pd at 793, 890 and 991 MeV)
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.1-.‘“':*{“

= high diff. cross sections
ensure good statistics

= excellent signal-to-noise ratio

=
o
s

» differential cross section as function of
momentum transfer

= independent of beam momenta

=
o
X

differential cross section dd—? / (ub,'(GeWc)z)

 ANKE acceptance: —t = (0.06 — 0.31) (GeV/c)?

'rOngefor|UminOSiTYdeTermin0ﬂ0n—t=(008—026)(GeV/C)2 _||IIII|IIII|IIII|IIII||I|I|IIII|IIII|IIII|I

0 005 01 045 0.2 025 03 035 04
momentum transfer -t / (GeV/c)?




Resultsford+p —>d+p

—
- WILHELMS-UNIVERSITAT
MUNSTER

identification of the reaction via the missing mass
technique

« determination performed for 18 momentum
transfer bins At = 0.01 (GeV/c)?
= for each of the 19 beam momenta

* |luminosity precision achieved:

ALgtqr = 1%
ALgys = 6%

« improvement by at least a factor of two

cross check via d + p - *He + n° in progress
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« solid lines indicate the expected kinematical

loci for dp - *Hen and dp - *Hen®

« ANKE has full geometrical acceptance for the

reaction dp - *Hen

« clear separation from other reactions possible
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The n Production Channel d + p - *He + n =——=— szen
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The n Production Channeld + p - *He + n =—— s

- solid lines indicate the expected kinematical ”";f“"’”__ 1.0 <coso™ <09 - 09<cos9™<-08
loci for dp - *Hen and dp — *Hen® S soo
‘E‘ L
B
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- clear separation from other reactions possible s oottt
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« qaccurate investigation of the angular 500 3
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solid lines indicate the expected kinematical
loci for dp - *Hen and dp - *Hen®

« ANKE has full geometrical acceptance for the
reaction dp - *Hen

« clear separation from other reactions possible
« disfinct n signal for each beam momentum

« high statistics of more than 10° *Hen
events per energy

e qaccurate investigation of the angular
dependence possible

« background description using data taken
below the n production threshold
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Differential cross section of d + p » *He + 1 =——— e
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Differential cross section of d + p - *He + 7

differential cross section d ¢/dQ / (nb)

asymmetry parameter a =

50
45
40
35
30
25
20
15

10

_*
d(cos 6y))

Q=1.14 MeV

preliminary

o
B

o
[2)

o
[X)

o
'y

b

%
|

angular asymmetry o

o

]
e
=

© o o
Bow N

°+I|IIII|IIII|IIII|IIIItIIII|IIII|IIII|IIII|II

n (da)
asq |cos85=0

—
—— — WESTFALISCHE

WILHELMS-UNIVERSITAT
MUNSTER

preliminary

i i

i

Wfﬁﬂﬁ*”&-

1
]

=—f— SATURNE: SPESHI(1) (1926)
SATURNE: SPESI1{2) {1998)

=—f— COSY: ANKE (2007)

s DOSY: COSY-11 @00T)

—— COSY: ANKE (this work)

1 | 1 1 | 1 1
60 80 100
final state momentum p°™° / (MeV/c)

1 40 1




—
—— — WESTFALISCHE

Differential cross section of d + p » *He + 1 =——— e
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Differential cross section of d + p - *He + 7
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Differential cross section of d + p » *He + 1 =——— e
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Differential cross section of d + p » *He + 1 =——— e
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Differential cross section of d + p » *He + 1 =——— e
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Differential cross section of d + p » *He + 1 =——— e
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Differential cross section of d + p » *He + 1 =——— e
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Differential cross section of d + p » *He + 1 =——— e
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Differential cross section of d + p » *He + 1 =——— e
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Differential cross section of d + p » *He + 1 =——— e
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Differential cross section of d + p » *He + 1 =——— e
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Differential cross section of d + p » *He + 1 =——— e
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p+n—-d+n

via the reaction

p+d = Pspectator T A +1




Motivation

* indication of a quasi bound state of the 3Hen-system

* study of A-dependency of the Final State Interaction (FSI) important

= investigation of the dn-system

» pole near threshold would influence the nN production above threshold

= described by a FSl-ansatz (s-wave)

] g _ 2_ 2
gf'gQ—|f|_—|@°F5/|

FSI = 1 1

1—i-a-pf—|—%roap§ — (1=pr/p1)(1—pr/p2)
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Motivation —

« current database on pn - dn:

v'PINOT: n production much stronger in o T (pn—dn) [MeV]
pn than in pp collisions T 1260 1280 1300 1320 1380 1360 1380 1400 1420
120 -_ P trisation of tion fr
viwo measurements by PROMICE- F. ki, P. ey 8110, Whkin Py, v, Lot 65 (1660} 660
WASA at CELSIUS 100 f
pn — d77 vid pn — dnpspectator -g. 80 ;‘
o) 60 |
* near threshold data show clear
40 O H.Caénetal, Phys. Rev. Lett. 79 (1997) 2642
FSl enhgncemen-l- @ H.Calénet al., Phys. Rev. Lett. 80 (1998) 2069
20
. . 1 1 1 L I 1 ] I II | [ 1 [l l 1 | 1 | I ] 1 1 | I 1 [l | | ! ] 1 1 ]
* steep rise of cross section up to 30 ub 0 10 20 30 40 50 60 70

Qey [MeV]

 more detailed and independent data of high interest
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« current database on pn - dn:

From R. Bilger er al., Phys. Rev. C69 (2004) 014003.

v'PINOT: n production much stronger in
pn than in pp collisions

viwo measurements by PROMICE-
WASA at CELSIUS
pn — dn Vid pn = dnPspectator

* near threshold data show clear

FSI enhancement

Cross section/Phase space

 steep rise of cross section up to 30 ub

0 S 10 15 20
« more detailed and independent data of high interest Q (MeV)




« main goals: extraction of scaftering length a4, with data close fo threshold and differential
Cross section to determine the limit of the s-wave FSl-ansatz

* reaction used: p + d = pspectator +d + 1

* Dspectator carries Fermi motion within the nucleus

» supercycle mode: alternate between
two different beam momenta

pP1 = 2.09 GeV/c .

py = 2.25GeV/c

» setup allows to determine cross sections in an excess energy range up to Q = 100 MeV




FA-System with STT Detectors

: : Fd-system




FA-System with STT Detectors

: : Fd-system




FA-System with STT Detectors

: : Fd-system




Parficle ldenfification (pspectator) —

« determinafion of excess energy on an
event-by-event basis

= one beam momentum =

64mm
wide excess energy range i Smm :
' N . 62mm
 identification of spectator protons mandatory 200
Hm |
s j
» use of two Silicon Tracking Telescopes (STT) | 4?9%? \
« consist of three layers of semiconductor 28mm
Iy 1

= frack reconsfruction

Vertex COSY-Strahl
= energy loss measurements

cover polar angles between 75° and 140°
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Parficle ldenfification (pspectator) =

T LI BN L L LN N )

preliminary

determination of excess energy on an
event-by-event basis

= one beam momentum =

dE(STT1_1) / MeV

wide excess energy range

identification of spectator protons mandatory o 3 i B 5 7 B 8 0

dE(STT1_2)/ MeV

8:""I“"I""l'"’I""I"”l""l"“l"": 200
F preliminary _flwo

use of two Silicon Tracking Telescopes (STT)

consist of three layers of semiconductor

dE(STT1_2)/ MeV
S g O N

= frack reconsfruction

= energy loss measurements

o o 0 5 10 15 20 25 30 35 40 45
cover polar angles between 75° and 140 AEETIL B ey




Parficle Identification (d) — " —— e

3 800 -
) . €700 F
» detection of fast deuteron in the Fd-system 3 600 |-
2500 B
. : S a00 [
« separation from protons using energy loss 5 00 |
and fime of flight measurements fﬁﬁi
0: Ml P .-r-.'.-'. oo
0.8 1 1.2 1.4 1.6 1.8 2
» cut parameters determined via the Momentum / (GeVie)
reactionp+d »d+n*t +X Soof
E preliminary
L

90 |- :
800 =
700 | =
600 =
500 |- =

400 =
Fd-system Pd-system 300 | E
200 |- =
. . .. . 100 =
« event selection via missing mass fechnique Y A L S

0 50 100 150 200 250 300
Energy Loss*BA2 / arb.u.
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Background Description

» background mainly multi pion production

 model-independent approach for background
subtraction

« analyze data with “false” beam momentum

= event-by-event Lorentz transformation
of measured particle to “false”
laboratory system

= same kinematical limit

dN/dM / (1MeV)
N
S
=

e
=
=
=

8000

6000

4000

2000

p, = 2.25GeV/c

P1

2.09 GeV/c

preliminary
I I I

0.46

0.48

0.5

0.52

0.54

0.58 0.6 0.62 0.64

Missing Mass / GeV/c”




MUNSTER

Preliminary Resulis for p + d = pspectator T d +1 =——— st

» background mainly multi pion production

 model-independent approach for background

subfraction 2 coook

+ analyze data with “false* beam momentum £ ¥°F

= event-by-event Lorentz fransformation Smg_

of measured particle to “false” 0

laboratory system 1000

= same kinematical limit oL

-1000—

* subtraction results in peak at n-mass 2000~
and shiffed negaftiv peak 3000 oreliminary
-4000 = I R B I [T B I I

| 1 | 1 | 11 1 1 1 1 1 11 1 | 11 1
46 0.48 0.5 052 054 056 0.58 0.6 062 0.64

=

Missing Mass / GeV/c”




Preliminary Results for p + d = pspectator +d + 1

» background mainly multi pion production

 model-independent approach for background

14

subtfraction

1.2

« analyze data with “false” beam momentum

= event-by-event Lorentz transformation
of measured particle to “false”
laboratory system

= same kinematical limit 08

croes saction / arb.u.

0.8

0.4

* subtraction results in peak at n-mass
and shifted negativ peak 02

p1 = 2.09 GeV/c
preliminary
IR I S SR TR M '

 steep rise near threshold observed

« very preliminary fit data with s-wave FSI ansatz = |a| = 1.2 fm

15 20
Excess Enargy O/ MaV




Summary & Outlook = e

* d+p-°*He+n:

e luminosities were determined via dp-elastic scattering for each of the 19 beam momenta

* high precision of ALg, = 1% and ALgys = 6% achieved
= improvement by at least a factor of two compared to previous analyses

* ANKE has full geometrical acceptance for the reaction dp — *Hen
e clear separation from other reactions possible
* high statistics of more than 10° *Hen events per energy

» determination of total and differential cross section and angular asymmetry parameter «a

* in progress:

e iterative acceptance correction

e luminosity cross check via d + p -3 He + °

* checks of systematics




Summary & Outlook = e

* p+d = Pspectator +d +1:
e approximately 100k events between Q = 0 MeV and Q = 100 MeV

e reconstruction of spectator protons with STTs

= STT calibration almost finalized

* identification of deuterons with Fd-system in progress

= preliminary calibration of Fd-system

* in progress:
 fine calibration of the Fd-system

* luminosity determination via elastic scattering
» extraction of total and differential cross sections

e determination of limit for s-wave FSI-ansatz

e constrain allowed region for the scattering length of the dn-system
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Thank you for your attention!
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