WESTFALISCHE
WILHELMS-UNIVERSITAT

r—————————— T e

Studies on n meson production in dp collisions

at the ANKE spectrometer

Christopher Fritzsch for the ANKE collaboration

Westfalische Wilhelms-Universitat Munster, Institut fir Kernphysik

21st International Conference on Few-Body Problems in Physics
(Reactions and Structure)

living. knowledge May 22nd, 2015




“COoler SYnchrotron® - COSY —/—= s

MUNSTER

* pre-accelerator JULIC

= protons: 45 MeV Cc s QR s S A :

p ’{;plﬂmﬂl =y m— U i -fz:wuu:i‘ :Tn{.[?\\‘ vﬁg

= deuterons: 90 MeV o [ e WASA G ANKE N\ |

4 ey LY i

g i’ ‘r’q% Extraction . \ ’5:

. E F?.Ii1 rupoie ":

- storage ring COSY § Y |

Y

-

| by

’\ % RF Solenoid

= circumference:; 184 m

= momenta up to 3,7 GeV/c achievable

= energy variation
(ramping & supercycle mode)

 two cooling systems

= stochastic cooling

H— LE Polarimeter

i Gyglotron Polarized and
= electron cooling Jutic Unpolarized
= whole energy range of COSY lon Source
o s HHA/DD

« possible momentum spread 4P/, < 1074

Christopher Fritzsch 21st Few-Body Chicago May 22nd, 2015
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* track reconstruction
= one multiwire drift chamber and two multiwire proportional chambers

* energy loss and time-of-flight measurements

= two layers of scintillator hodoscopes
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« total and differential cross sections of the reaction dp — 3Hen are of special interest

« indication of a quasi bound state of the 3Hen-system
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d do
o = In

d(cos0,) dQ

cos ,, =0

asymmetry factor a

« data show a distinct effect of a s- and p-wave
interference

= rapid variation of the phase

N = expected for a pole near threshold
0 20 40 60 80 100
n momentum P, [MeVic]

C. Wilkin, Physical Letters B 654:92-96 (2007) DOI 10.1016/j.physletbh.2007.08.041

« total and differential cross sections of the reaction dp — 3Hen are of special interest

« indication of a quasi bound state of the 3Hen-system
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« data show a distinct effect of a s- and p-wave
interference

= rapid variation of the phase

T T B T e = expected for a pole near threshold
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n momentum P, [MeVic]

C. Wilkin, Physical Letters B 654:92-96 (2007) DOI 10.1016/j.physletbh.2007.08.041

« total and differential cross sections of the reaction dp — 3Hen are of special interest
« indication of a quasi bound state of the 3Hen-system

* new high precision data from the ANKE spectrometer at COSY up to Q = 15 MeV
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d do
o = In

d(cos0,) dQ

cos ,, =0

asymmetry factor a

« data show a distinct effect of a s- and p-wave
interference

= rapid variation of the phase

N T N B B = expected for a pole near threshold
0 20 40 60 80 100
n momentum P, [MeVic]

C. Wilkin, Physical Letters B 654:92-96 (2007) DOI 10.1016/j.physletbh.2007.08.041

« total and differential cross sections of the reaction dp — 3Hen are of special interest

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

* new high precision data from the ANKE spectrometer at COSY up to Q = 15 MeV
= extraction of total and differential cross sections

= careful luminosity determination is necessary
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Measurements: experimental conditions =—==— s
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« data used for: high precision determination of the n meson mass (dp — %Hen) and

studies on the two pion production (dp — 3Hem*m ™)

« supercycle mode: one supercycle consists of up to 7 different beam momenta

= 19 beam momenta close to n production threshold

1st supercycle

2nd supercycle

3rd supercycle

~N o o0 A W N O

/ (MeV/c)

3120.17(17)
3146.41(17)
3148.45(17)
3152.45(17)
3158.71(17)
3168.05(17)
3177.51(17)

pa ! (MeV/c)
3120.00(22)
3147.35(17)
3150.42(17)
3154.49(17)
3162.78(17)
3172.15(17)
3184.87(17)

/ (MeV/c)

3125
3146
3157.48(22)
3160.62(22)

3204.16(23)
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Measurements: experimental condition

below n threshold (dp — 3Hen) for a smooth
model independent background description

flattop 1si supercycle | 2nd supercycle | 3rd supercycle
pq ' (MeV/c) pa ! (MeV/c) pq ! (MeV/c)

~N o o0 A W N O

3158.71(17)
3168.05(17)
3177.51(17)

3162.78(17)
3172.15(17)
3184.87(17)

[ ai201707) 91200022 | 3125
3146.41(17) 3147.35(17) 3146
3148.45(17) 3150.42(17) -
3152.45(17) 3154.49(17) 3157.48(22)

3160.62(22)

3204.16(23)




Luminosity via dp — dp — e,

« advantages of the dp-elastic scattering as -

normalization reaction: Dalhagav [Dal68]

Boschitz [Bos72]
Winkelmann [Win80]

= broad data base of available
differential cross sections

cf)
2,

= high differential cross sections ensure Velichko [Vel88]

good statistics

do
a I (ub/(GeV/

= excellent signal-to-background ratio

s

'% 104
» differential cross section as function of ﬁ
momentum transfer §
= independent of beam momentum g
£

£ 10°
« ANKE acceptance: —t = (0.06 — 0.31) (GeV/c)?*°

 range for luminosity determination

—t = (0.08 — 0.26) (GeV/c)? 0 005 01 015 02 025 03 035 04

Momentum transfer -t / (GeV/c)?
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Results for dp — dp
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« identification of the reaction via the missing
mass technique

* luminosity should be independent of
momentum transfer

» determination performed for 18 momentum
transfer bins (At = 0.01 (GeV/c)?)

= for each of the 19 beam momenta

 luminosity precision achieved:

AlLgtat = 1%
ALsyS = 6%

* improvement by at least a
factor of two
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The reaction dp - *Hen
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» solid lines indicate the expected
kinematical loci for dp — *Hen and
dp - *Her?®

» ANKE has full geometrical acceptance
for the reaction dp — 3Hen

* clear separation from other reactions
possible

10°

X

dp — Hem’

Q = 1.5MeV

L PRI TN TS NN SO SN TNTTN NN ST SN S N N T S N B
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final state momentum P, / (GeV/c)

o

P, / (GeVic)

P, / (GeV/c)

Ppeam = 3.14735 GeV/c

04 06
P, / (GeVl/c)

02 00 02

.02 00 02 04 0.6
pzl(GeWc)

Christopher Fritzsch

21st Few-Body Chicago May 22nd, 2015



-—
— e \\ESTFALISCHE

The reaction dp — °*Hen — — .

» solid lines indicate the expected W [ @=1Mev
. . . 3 > 10 Q@=10MeV
kinematical loci for dp — “Hen and -2
dp - *Hemn® - 8
c -
. T 6F
* ANKE has full geometrical acceptance 2 W
for the reaction dp — *Hen ar | i
4| (G\\
2 yy \Q
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. o —3 10 Q=10 MeV
« high statistics of more than 10° *Hen = H
events per energy - 8F ¢ il
: A e\'\Vd\(\a
- ro
4: lk J -'1‘ Q‘
2 :— \ IJ'J Mhmwm:W::ﬂ:A”“f“ﬁ"“?f—‘““
D:/[:-r—--w"f:::ﬁrk.kJ PRI TR S
50 100 150 200

final state momentum P / (MeV/c)

Christopher Fritzsch 21st Few-Body Chicago May 22nd, 2015



The reaction dp — *Hen
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» solid lines indicate the expected
kinematical loci for dp - *Hen and
dp - *Hemn®

* ANKE has full geometrical acceptance
for the reaction dp — *Hen

* clear separation from other reactions
possible

« distinct n signal for each beam momentum

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

« accurate investigation of the angular
dependence possible

» background description using data taken
below the n production threshold

dN
dpf

1
/ ( MeV/c )

800

600}
400¢

200
0
800

600;

400
200
0
800

600}

400
200
0
800

600;

400
200
0

800

600¢

400
200
0

F10 <cos(H <09

!

- 08 <cos(T < 08

T

F 08 <cos(H < 0.7

A

- 0.7 < cos() < 0.6

]

F 06 <cos{@ < 05

1
]

- 05 <cos(dh< 04

F 04 <cos{ < D3

L

4.3 < cos(d < 0.2

3

FO2 <cos(® < 0.1

:

- 0.1 <cos(F < D0

2

00 <

N2

(< 0.1

- 0.1 <cos(B <02

3

F 02 <cos(® <03

-

F 03 <cos(h <04

:
C

F0d<cos(B<05

L~

DS5<cos(M=<05

F D6 <cos(# <07

- 0.7 <cos{d} <08

C
<

F 08 <cos{H =09

F D9 <cos(H <10

o

<

0 50 100 150

50 100 150

50 100 150

50 100 150

final state momentum P, / (MeV/c)

Christopher Fritzsch

21st Few-Body Chicago May 22nd, 2015



p+n->d+n

via the reaction

p+d - Dspecrator T d + 1
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« 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)

b g9 — |f|* = |f - FSI|?

FSI = : 1

1—i-a-pf—|—%roapf ~ (1=pr/p1)(1—pr/p2)
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140 T (pn—dn) [MeV]
E[ {12|601 I I12|80I I I13|0()I H13('; . IiSIf-i-C: 1 I11’:'(5-0I ' I13(.‘: | &4 ) l14(;
1 20 _;' : Parametrisation of cross section from
) Current database On pn —_ dn. E"\I F. Plouin, P. Fleury and C. Wilkin, Phys. Rev. Letl. 65 (1990) 690

100 -
. . o 80 [
v PINOT: n production much stronger in Ea e
. .. (o) 60 |-
pn than in pp collisions 1

40 O H.Calénetal., Phys. Rev. Let.. 79 (1997) 2642

v'two measurements by PROMICE- 0 i

WASAatCELSIUS 0 L |n;-;l||||||;w|r||||||||r||v||.

dn via d 0 10 20 30 40 50 60 70
n-— n-—-

p n p NPspectator QCM [MeV]

H.Calén et al., Phys.Rev.Lett. 79 (1997) 2642 5 : : :

H.Calén et al., Phys.Rev.Lett. 80 (1998) 2069 l‘ From R. Bilger er al., Phys. Rev. C69 (2004) 014003

* near threshold data show clear FSI
enhancement

* steep rise of cross section up to 30 ub

Cross section/Phase space

« more detailed and independent data of high interest
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Measurements: experimental conditions =—>=— wms.
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* main goals: extraction of scattering length a with data close to threshold and investigation

of the influence of N*(1535) on the n production process at higher energies

* reaction used: p + d = Pspectator T A+ 1

= quasi free reaction p+n—-d+n /
* Pspec = fermi motion within nucleus g e

« supercycle mode: alternate between two

different beam momenta N;
k"'\v‘,;‘ SP. /./
Pbeam = 2-09 GeV/c /
pbeam = 2.25 GeV/C \\\J

 setup allows to determine cross sections in an excess energy range

from threshold up to Q = 100 MeV

Christopher Fritzsch 21st Few-Body Chicago May 22nd, 2015



Fd-system with STT




Fd-system with STT — T

l I Fd-system




Fd-system with STT

Silicon Tracking Telescopes




Particle identifi

cation (pspectator
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« determination of excess energy on an

event-by-event basis

= one beam momentum =

\750

. 64mm
wide excess energy range Smm |
1 : :
|
* identification of spectator protons mandatory P }
300um !
° ih : | -
use of two Silicon Tracking Telescopes (STT) ] a8mm \
69um
* consist of three layers of semiconductor ‘
= track reconstruction ' 2Bmm
= energy loss measurements Vertex

» cover polar angles between 75° and 140°

COSY-Strahl

Christopher Fritzsch
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Particle identification (pspectator) === i

> 3.5 R [RdRS P B, TRl ARt Rt I ) FL TRl =
o %’ 3 3 preliminary
« determination of excess energy on an = [ ]
- 25F
event-by-event basis E ,
m
= one beam momentum = C st
. 1 -
wide excess energy range osh
) . ) 0‘....|' ........................ Lasoalaaaalaiay
* identification of spectator protons mandatory 0 1 2 3 4 5 6 7 8 9
dE(STT1_2) / MeV
 use of two Silicon Tracking Telescopes (STT)
% 8:“"l“"l""l""l""l""l""l""l“":l 200
_ _ = 70 preliminary _flwo
* consist of three layers of semiconductor ;}l o I\ 1 eo
- 1 —{140
= track reconstruction E s E
w 4 : —iﬂm
u -
= energy loss measurements 3 i NS E ™
2 g E
« cover polar angles between 75° and 140° | e e i :z
............... i N

0 5 10 15 20 25 30 35 40 45
dE(STT1_3) / MeV
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Particle identification (d) — e,

800
700
600
500

« detection of fast deuteron in the Fd-system

« separation from protons using energy loss

Energy Loss / arb.u.
=
[=]
o

and time of flight measurements 300
200

100

» cut parameters determined via the

o

'm Illll\llllll\IIIIHlIIIIl\\II|IIII|III\

o

reactionp+d ->d+nt+ X

preliminary

Entries
0 WO
[=]

o

Fd-system Pd-system

» event selection via missing mass technique 300

et rATT T T NN T W S T T S S| et i

50 100 150 200 250 300
Energy Loss*3*2 / arb.u.

o II\Il\ll\‘ll\ll\II\‘II\Il\III‘II\Il\lll‘ll\ll\\
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Background description ——

- . . example forp +d - +d+w
» background mainly multi pion production P p Pspectator

4000

E STT1 [ STT2
. 3500 Mx(2.915GeV/c 2500-0\x(2.915GeVic) |
« model-independent approach for background | | i
subtraction . . o 28156eVIe
2000F E
1500§ \ 10005
c « 1000 ‘ :
+ analyze data with “false” beam momentum I \ soof
. "
= event-by-event | orentz H,E'b‘.é's“b.'é‘b‘.é‘s"bfi‘hi%&“bfé‘b‘.éi\l'cbefél‘c‘g.l5 3.3“bié‘s“é.'é‘b‘.éé"6.‘7“‘o'.%é"6fé'b'."s;i[‘66£?‘,;c'oz',l>s
transformatlon Of measured Mx(2.915GeV/c) - Mx(3.015GeV/c)
600
800
particle to “false” laboratory system 00 0
400 200
= same kinematical limit 200 i
o -200
-200
-400
- o
05 055 0.6 0.6 g . .8 0.85 0.9 095 0.5 055 0. ¥ .7 0.75 0.8 0. 0.9 0.95
Mx[GeVic2] Mx[GeVic2]

Christopher Fritzsch 21st Few-Body Chicago May 22nd, 2015



Background description ——

* background mainly multi pion production

i ptd-p +d+n
« model-independent approach for background spectator

subtraction g F
S ool Pbeam = 2-09 GeV/c
» analyze data with “false“ beam momentum .
= event-by-event Lorentz ‘ «\\(\a‘\l
transformation of measured N ©

-500

particle to “false” laboratory system

= same kinematical limit 1000 = 2.25GeV/c

Pbeam

s ey b by by b I
0.46

L L L 1 L 1| L
048 0.5 0.52 0.54 056 0.58 0.6 0.62 0.64
Missing Mass / GeV

 very preliminary results for a small data sample

» approximately 100k n —events

Christopher Fritzsch 21st Few-Body Chicago May 22nd, 2015



Summary & Outlook — e,

*d+p>°>He+n:

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 calculations

ANKE has full geometrical acceptance for the reaction dp — *Hen

clear separation from other reactions possible

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

* in progress:
» extraction of total and differential cross sections

» determination of asymmetry parameter «

= shed new light on the near threshold region of n production

Christopher Fritzsch 21st Few-Body Chicago May 22nd, 2015



Summary & Outlook — e,

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

 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

determination of limit for s-wave FSl-ansatz

constrain allowed region for the scattering length of the dn-system

Christopher Fritzsch 21st Few-Body Chicago May 22nd, 2015
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g 700 =
© 600—
6 - A
S 500 | 4
&
g 400} 3 " Q 6
o SATURNE: SPES-IV (1988)
g 300 h‘:).' + ¥  SATURNE: SPES-Il (1996)
- — COSY: GEM (2000)
200 - ©  TSL: WASA/PROMICE (2002)
C COSY: COSY-11 (2006)
— A COSY:COSY-11 (2007)
100 i m COSY: ANKE (2007/2009)
4  COSY:WASA (2014)
u 1 | 1 1 | 1 1 1 1 | 1 | 1 1 | 1 | | | | 1 IIIIIIIII|IIII|IIII|IIIIIIIIIIIIIIIIIIIIIIIIIIIII

0 5 10 15 20 30 40 50 60 70 80 90 100 110 120
P. Adlarson, European Journal of Physics J. A (2014) 50: 100 DOI 10.1140/epja/i2014-14100-4 excess energy Q/(MeV)

« total and differential cross sections of the reaction dp — 3Hen are of special interest

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

Christopher Fritzsch 21st Few-Body Chicago May 22nd, 2015
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* luminosity should be independent of momentum transfer

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

* luminosity precision achieved:

1200 -
ALstat = 1% < :
= 1000~
ALSYS=6% = B +++++ ++++ ‘1”+
_iE sool- s + + + ‘I“ _}
2 i
* improvement by at least a 3 -
£ 600—
factor of two E i
3 400
* relative normalization via the o i
: 3 - . '\(\'a(\J
reactions dp — pspecX by £ 200 ‘e\\(“
determination of the number of 5
. II|III|III|III|III|III|III|IIIIIIIIIIIIIJ
spectator protons in the 07008 0.1 012 0.14 0.16 018 0.2 0.22 024 026
Fd-system Momentum transfer -t / (GeV/c)?
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Additional slide — e

MUNSTER

* luminosity should be independent of momentum transfer

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

* luminosity precision achieved:

1100
~ —— 1st supercycle
— - —— 2nd supercycle
ALstat =1% T 1000 - 3rd supercycle
o) -
cC
ALSYS = 6% = B 1
_F 900 - o
2 B IIII :
. — - I
« improvement by at least a 3 - : T g
£ 800—
factor of two E -
T 700
* relative normalization via the © = o
: 2 - PN
reactions dp — pspecX by 2 600 ‘e\\“\
determination of the number of o
. B 1 | 1 1 1 I 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
spectator protons in the 500517 314 3.16 3.18 3.2 3.22
Fd-system Beam momentum P, / (GeV/c)
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luminosity should be independent of momentum transfer

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

* luminosity precision achieved:

=2 2100
5 -
© =
= 1950
2 =
_ 2 1900
- improvement by at least a £ - o Iy
= 18507 T 1
factor of two b - I 1
T 1800
* relative normalization via the k= = a0
. e - X
reactions dp — pspecX by IS 1?005 ‘e\\\"(\\(\
. : © -
determination of the number of  E 16505 ®
. o _II|IIII|IIIIIIII|IIII|IIII|IIII|IIIllIIlIlIlIII
spectator protons in the Z 1600315313314 315 3.16 317 318 319 32 321

|
N
Fd-system Beam momentum P, / (GeV/c)
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Additional slide

[trigger reduction] [efﬁciency correction]

L] 1

L — [Zozi]Ndet(At) { ﬁ_lj [ 6_1] [ 7‘1}

!

[acceptance correctiorﬂ [dead time correction}

t1 (E(t))Ref dt

!




