PAST AND FUTURE ROLE OF THE
WASA CENTRAL DETECTOR

for planning WASA@FRS

MARCH 1 | FRANK GOLDENBAUM

C ))) J Forschungszentru
Mitglied der Helmholtz-Gemeinschaft



WASA —-WIDE ANGLE SHOWER APPARATUS
A LITTLE BIT OF HISTORY

Mar 1984 Letter of intent for a research programm on elementary partlcle
physics experiments at CELSIUS

Central Detector FD Forward Detector

L
Oct 1987 WASA proposal for a detector at CELSIUS \ ,{g& L@ %
i g
1992-98  WASA/PROMICE experiments W 'e
: =

1998 CELSIUS/WASA commisioning TR T

1999-05 CELSIUS/WASA experiments

Oct 2004 WASA-at-COSY proposal

2005-06 Move WASA from |

2007-15 WASA-at-COSY Experiments

Mitglied der Helmholtz-Gemeinschaft 1. March 2018 Seite 2




WASA OPERATION AT COSY

e p,d beams up to p=3.65 GeV/c a\'—"t‘—_---'-“'
E,=2.82GeV,E;=2.2GeV ZAL. -

e operated as internal, fixed target
experiment (until 2015)

e polarized beams

e beam cooling (stochastic, electron)

Wide Angle Shower Apparatus

e FD: charged target recoil
particles and scattered
projectiles
— continued use at COSY

e CD: detection of meson
decay products; charged
particle(et,nt) and y
— to be moved to FRS at GSI

Mitglied der Helmholtz-Gemeinschaft 1. March 2018 Seite 3 ‘ O )))



WASA OPERATION AT COSY

(HEED -

i

f

#ﬂ;lﬁ_

1"

]

Tl
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WASA CENTRAL DETECTOR COMPONENTS

central detector consists of:
Pellet line

Solenoid i Tracking

e electromagneticcalorimeter 1012 CsI(Na)crystals

e supercond. solenoid - axial field 1.3T

e mag.flux return by 5T Fe yoke outside calorimeter,
yoke is support for crystals

e barrel of thin plastic scintillators

e cylindrical chamber of drift tubes

e beryllium beam pipe with target cross

Thin Plastic Scintillators V —Hh

EM Calorimeter ': Range Hodoscoj

50 cm

beam pipe:
1.2mm Be
wall thickness
@F=60mm

17 cyl. layers
1738 straws
24°.159°

vertexres. for large
6, =0.2mm | diy A
0,=3mm F -

— few dead tubes!
Mitglied der Helmholtz-Gemeinschaft 1. March 2018 Seite 5 O




WASA PARTICLE IDENTIFICATION

| calorimeter mini drift chamber and mini drift chamber

thin plastic scintillators

_. forward detector

35000; ;; '
= i FI FWHAL ) b3 1GeV p+d
= 0000 ~ Fallel N
o I | Lafig=zs iR : o
?5!'.'1':".'! | Hibs I'.I'.i'-'-.'u'- Vv T
H0000] | o= 1A b s -2
15&}35 | | lﬁ § 4
oo f | | -~
5000 p
b . —e+ e- e+ e- >
0 o1 os 92 0.3% 03 9435 04 r] e e e e <
08 LO6 04 02 0 02 04 OB 08 W
Inr._.:.:" | L'y P 1GeV) ° v o

E FRH layer 1 (MeV)

example PID:
analysis of p+ d — 3He + n

(after 3He selected in WASA forward detector, low-energy proton background visible)

= 0.2—
v
©0.18

calorimeter Zos:
VS :
signed ot
momentum

0.02—

S T T T T T T T T
-%.5 04 -03 -02 -01 O 01 02 03 04 05
momentum x charge [GeV/c]

AT S i A T N
0 041 02 03 04 05
momentum x charge [GeVic]

o A R S i
05 04 03 -02 -

< 0.02 10°
u9:.0.013
90,016 ;
'g_o.ou plaStIC
0012 ! v gcintillator
Eoo.m; : VS

0006 » Signed

0.004

momentum

Mitglied der Helmholtz-Gemeinschaft
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SOLENOID PARAMETERS

Superconducting coil

Inner/outer radius [mm]

Superconductor (stabilizer)

Total winding length

Maximum central magnetic flux density, B,
Field uniformity in the mini drift chamber

267.8 / 288.8
NbTi/Cu (pure Al)
465 mm
1.37T
1.22 T +£20%

Cooling Liquid He, 4.5°K
Cryostat

Material Aluminium
Inner / outer radius [mm] 245 / 325
Overall length [mm] H55
superconducting solenoid wall thickness

(coil+cryostat) [radl] 0.18

Mitglied der Helmholtz-Gemeinschaft

Bax tested up to 1.3 T, generally operated@COSY: 1T

Current in solenoid at 1T: 693A
— solenoid expertin Jilich: Ralf Engels

1. March 2018
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COLD BOX, DEWAR, HE TANK

http://wasasrv.ikp.kfa-juelich.de/WasaW ki/index.php/
Superconducting_Solenoid:Documentation

incl. cooling down, steady state operation, excitation,
discharge, maintenance...

— to be moved to FRS at GSI

Mitglied der Helmholtz-Gemeinschaft 1. March 2018 Seite 11 ‘ O )))



http://wasasrv.ikp.kfa-juelich.de/WasaWiki/index.php/
http://wasasrv.ikp.kfa-juelich.de/WasaWiki/index.php/
http://wasasrv.ikp.kfa-juelich.de/WasaWiki/index.php/
http://wasasrv.ikp.kfa-juelich.de/WasaWiki/index.php/

LIQ.-HE COMPRESSOR

Mitglied der Helmholtz-Gemeinschaft 1. March 2018 Seijte 12




CSI CALORIMETER PARAMETERS

Scintillator Electromagnetic Calorimeter

Amount of sensitive material

135 g/cm?

radiation lengths] ~ 16
mnuclear interaction length] ~ (.8
Geometric acceptance: 96%

polar angle

~ 20° — 169°

azimuth angle

~ (0% — 360°

Max kinetic energy for stoppin

o
o

7+ /proton/deuteron

190/400/500

Scattering angle resolution

~ 5°(FWHM)

Time resolution

charged particles

5 ns(FWHNM)

photons

~40 ns(FWHM)

Energy resolution

charged particles

b

7% (FWHM)

photons

3
8

7 (FWHM)

Mitglied der Helmholtz-Gemeinschaft
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1012 Csl(Na) crystals

Designed for handling
luminosities 1032 cm2s-1

photon threshold ~2MeV

Momentum resolution:

e* (20-600MeV/ic):  0,/p<2%
™, 1(100-600MeV/c): o,/p<4%
p(200-600MeV/c):  0,/p<6%

ci



Csl(Na) cystals hydrophilic
— dry powder during storage

Mitglied der Helmholtz-Gemeinschaft 1 March 2018 Seite 14 ‘ O )))



DRYING PLANT (HYDROPHILIC CRYSTALS)

4

— to be moved to FRS at GSI

. CH
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ikpw01-
ikpw18

Jnopeal |eyubip

T,> T

signal

READOUT SCHEME
TSM I
@) ° S
\ -
03
” |—V— — wasa
© straws pre-ampl. + discr. = = = = =
g : N\
)] |
(@) . |
o analog signals | LVDS Cratg
| ]7‘ : QDC
% 6 ) :_Tsignal ( )
-+ = -
— = = L\VVDS Crate
[V 20 N E logical signals (TDC)
2 J| Trigger | ] VME Crate
. logic — (Scaler)
trigger
g9 ] Sync. System
Mitglied der Helmholtz-Gemeinschaft 1. March 2018 Seite 16

(°] aseq awiy)
uonnquisip Jabbuy

. Il



LVDS CRATE AND MODULES

i

erte controller:
A[eadout
rigger (sync) in

Rd

ce o8 @ Pover 279N
- P \ g
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CRUDE OVERVIEW ON THE TIMING

Transfer form Uppsala to Jilich: almost finalized in June 2005
Installation of all detector components: CW 22-29 2006

Test phase with beam-target interaction: second half 2006
(commissioning)

Regular beam operation/experiments: started in Jan 2007

De-installation in Uppsala: ca. 8 weeks
Installation at COSY: ca. 12 weeks

however with considerable person-power!

Mitglied der Helmholtz-Gemeinschaft 1. March 2018 Seite 18 ‘ O )))



REPORT BY THE Based on the proposal “WASA at COSY”, the oral presentations and discussions
during the meeting the committee unnnim|0u&l}' makes the following observations

COM M ITT EE and recommendations:

EVALUTATION OF
THE PROJECT :
,WASA-AT-COSY*
(9-11-FEB.2004) .

1. ...available floor space

The installation of the WASA detector at COSY provides an opportunity for
making unique contributions towards the settling of several of the most
compelling outstanding issues in strong-interaction physics.

The Committee fully endorses the presented physics programme for WASA
at COSY and is therefore united inits enthusiastic endorsement of
the proposal to operate WASA at COSY. We are very impressed by
the proposal and suggest only some minor modifications; see Section 4.

The Committee has considered the feasibility and global technical aspects
and is quite satisfied.

The Committee recommends the drafting of a Memorandum-of-
Understanding (MoU) between the various institutions of the new WASA
collaboration at COSY. [

2. ...crutial to the success will be the proposed electronic upgrade...new
DAQ with goal 10kHz event rate

3. ...luminosity 1031-32cm-?s1 adequate for much of the proposed programm
...using pellet rate 10* pellets/s of 70m/s
4. ...intensity limitations known:

« Space charge effects in multi-wire drift chambers

* Pile upintrigger

» After glow/pile up in Csl crystals

Mitglied der Helmholtz-Gemeinschaft
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2014 dd — 4He 10

2013 pp — pp 0

2013 dp breakup

2012 pp — pp 0

2012 ABC in d(pol)p

2012 n decays in pp

2011 w and n' decays in pp

2011 w decays in pd

2010 dd — (4Hen)b.s.

2010 pp — ppn polarized

2010 charged n decays in pp (pt 2)
2010 pp — pp 0

2010 charged n decays in pp (pt 1)

Mitglied der Helmholtz-Gemeinschaft

1. March 2018

SUMMARY OF BEAM TIME PERIODS 2006-14

2014 pd — 3He n and pd — (3He n)bound

2009 n decays in pd

2008 n decays in pd and pp
2008 dd — a 1m0

2008 dd — an

2008 charged n, n' and w decays
2008 ABC effect in pd

2007 pd/dd experiments

2007 dd commissioning

2007 n — mOm01r0 production run
2007 Tests/run preparation

2006 Commissioning |l

2006 Commissioning |

Total 826.0 TB of data

e CH



EXAMPLE: I] PRODUCTION WITH WASA-AT-COSY

pd — Hep PP — PP
Tpeam 1 GeV 1.4 GeV
o(n)?P (0.412 £ 0.016) b (9.8 1)ub
Suited for study of not-so-rare n decays study of (not-so-) rare n decays
Background low multi-pion background high multi-pion background

~10° n produced (pp)
Reaction TreamlGeV] | o[ub]P?
pd — *Hern 7Y 0.893 2.8+0.3
pd — Her T 7™ 0.893 5.1+0.5
pp — pprtr— 0 1.36 46+1.5
op — pprPr0 1.36 200 + 30
pp — pprTT T 1.36 660 + 100

a) R. Bilger et al., Phys. Rev., C65{044608), 2002

b) CELSIUS/WASA coll.., Phys. Lett., B649:122-127, 2007

c) M. Bashkanov et al.., Phys. Leit., B637:223-228, 2006

Mitglied der Helmholtz-Gemeinschaft
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First WASA-at-COSY Run April 2007: n— 37n° Dalitz Plot

006 m./3 \2
LR I (1+20z)  z=(p/ =6 zl(—)
oL . ; Z ) (P/Pmse)” m,, - 1,
T oonf o am
m:_ e =l First step to compare dynamics
I 5 with ChPT prediction: slope parameter o
| |
1] EII
- ol - - .
ol : four days of data taking — 120000 events
0.0 3
o[} | 1o L—
2 U= 1 - ~ N . —
e P enoane- combined CELSIUS/WASA statistics — 75000 events
'ﬂq%._uﬁ' ' IJJLJJ: ' I-Ulﬂll = Il:uI ' II.’J!.’JEI ' 'n.lml 00
[Ty - ToadN3
L GAMS-2000 IPC 25 (1980 225
o 1.1 . Crystal Barrel FLE 417 (1908) 193
% L —— BNL E852 hep-ex 002064
G . radial density distribution . D ETPLT Qo0 51
1.0 % T-T — I T T I I - Crystal Ball PRL £7 (2001) 182001
T T T :
1 I e 11 "Lt I 1- w1, T _T. T T J reanalysis with T:;‘«::— ELOE prelim  hepex/ 0505074 (Mariond 1005)
- [ I=-gs I I I I T M=sTmMVe T KLOE prelim. 07074137 [hep-2x]
09 l J L CELSIUS/WASA FRC 76 2007 48201
: PL B 6?7 {20(}9) 24 —— WASA-mt-COSY  submined for poblicadon
| | | | | | | I | | | | | | —— Crystal Ball hep-ex/0812.1998
0 0.2 0.4 0.6 0.8 1 006 004 002 0 002

z |

note: historic slide covers only results until end of 2008!



The ABC Gallery

0_0
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1.0GeV
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,.g 0 " e ey
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PRL 102 (2009) 052301

N

pd — *Hen'n’

0.9GeV
%‘ 25 @ data
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"-_a: 20+
%15—
3
S 10t
L=
5
D F 1 ] |
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PLB 637 (2006) 223

WASA-at-COSY

new exclusive measurements
over the full AA region

(Abashian, Booth, Crowe)
Phys.Rev.Lett. 5 (1960) 258

dd — ‘Hen"n’
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Discovery of 4 (2380)

CELSIUS/WASA preliminary results WASA-at-COSY results
from: M Bashkanov, H Clement, P Adlarson et al_,
COSY proposal 183 (2007) PRL 106 (2011) 242302
g 18 = 0-9¢ A1
516_ . pn— dr'n®e 2 = B pn —> AT TT
b 1.45 1 pn—odr't - =
o ri ® CELSIUS/WASA prel © 0.4 L
1.2 ! ELSIUS/WASA pre -
1 i+ A /A DESY bubble chamber — data TP
- _f L B JINR bubble chamber 0.3 - A ]10GeV - = t-channel AA
0.8 3 : ;; ----without AA resonance B ® 172GeV & @& @ ---- N (1440)
0.5;‘ * —  with AA resonance B B | AGeV S syst. error
0.2
2 R R T ~ dnn threshold
0% 542628 3 5234 0.1
\s [GeV] B
0 3 R,
2.2 2.4 2.6

\Is [GeV]

¢ Lorentzian shaped energy distribution

e 4 times narrower compared with AA, peak 80MeV below 2map

2 orders of magnitude larger statistics
compared to CELSIUS/WASA'! ... But how?
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Neuer Exot im Teilchenzoo?

Am Beschleuniger des
Forschungszentrums
Jiilich hat man
Hinweise auf ein
neues exotisches Teil-
chen aus sechs Quarks
gefunden. Die Ent-
deckung kinnte ein
altes Ritsel l6sen.

Von Robert Gast

don wheder edn seves Tetklewen? Es
S st noch hesne swel Mosale her, de
soegtedie Nachricht yom amerikani-
schen Foechungsientram Feemilob in

Tellchenbosehblounigorn.  Bat ensspre
chend boben Kollxioosenergicn kianen
dem Standardmedell des Teskhenphysik
zuloke theoretisch auch Partikeln kreiert
werden. die was vier, finl oder aws seds
Ouarks bostehen, Bisker koonten jedoch
keine derartigen exoriechen Ooarkrustdn-
dem experimeate]] nachgewiesen werdon,
auch wenn es in den vorgangenen Jahren
immer wieder Hiweise aul e Existens
vor Tetre und Pentoguarks gab, Der e
tische Quarkastand, der am ringlorms
gen  Tollchenbeschiauniger Cosy  Jewn
mdtglicherwelse gesichier wurde, sdl so
aar s cechs Quarks bestehen.

D Wissenschaftler bahen bei tarem
Experiment Protonen in dem 184 Meter
umfiassenden Ringheschleuniper Casy na-
hezu sul Lichigeschmindighelt beschiog-
nigt und mit Nevtronen Rollidieren las
sell. D‘ll'u vuulmuil. a0 Ju Leicken Seold-

TEU PRSI R ITUTS S Feersoey

Feescher mussen aber noch zeigen, dass
dic Resonanz such bei olastischen Koth
sionen auftritt, also dann, ween dos
Proeon und das Nautran, die kedlidkeren,
nicht zu vivern Deuteron fusiveneren.
Das avsstehonde Exporimont wollen div
Ferscher demmichst angehen, Mit belasi-
boren Ergebaisscn redhmen sic in 2wl
Jahmen.

Als rechl unwihescheindich gill unter
Experten derwell, diess die Resonuns aef
eine statigicche Schwankung oder einen
Messlehler zunickaul@been s, wke dos
het dem vermcintichen Toillehenfund im
Apnl am Tevatron hockstwahrscheihch
der Fall pewesen war. Das Experiment
hat Hand and Fubl®, sagt Ahmed Ali vom
Peutschen Elektronensynchrotion Desy
in Hamburg dber de Arbeit sciner Kolle-
on, un der oy nicht betetligt war.

Uablidrgie dwvon, ob sich die Riso-
oz _olg seves Toilehon ontouoos ader

(safiod (mo1 OpE) 10T 2unE L] 10664 ~ 10F

Atictes puttstet ek enine | 7 JUNE 201 1

55
-

M, [GeV?]

0.2
M2 [GeVY

0.3

Why was it discovered by WASA-at-COSY

and not by CELSIUS/WASA?




F.S.Bergmann, PhD thesis,
WWU Miinster (2017)

3 ! :
pd — "HeX, signal selection

n — n e*e” with WASA-at-COSY

signal selection cuts E 0.3
* MISSING MAss My * mvariant mass (e e yy) E 023
: : : : + - o 0.2

* mvariant mass (YY) e mvariant mass (e e’) 8 |
> 0.15}

7 - . . _ . . h 5

* x e e yykinematic fit < e"e identification — &
1 U

ﬂ.ﬂﬁf—

I e O | T
0.1 0.2
momentum = charge / (GeV/c)

Z’J B * 3 events left after selection criteria
— i i & -
2 1 ; 1N S » 2 events expected (pd — "Hen ' x")
S L |l &
IS [ : AL e : preliminary result:
s 107 : i BR(N — n’e*e’) <7.5(9.5)x 10™°
© - : x y
. ! for VMD (phase space) decayv of signal channel
102 : factor 6 (5) below present upper limit
045 05 055 06 065 0.7 publication drafted

invariant mass e*e™yy / (GeV/c?)



WASA-at-COSY papers, technical papers,
Proceedings,...

http://collaborations.fz-juelich.de/ikp/wasa/publications.shtml
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WASA-at-COSY PhD theses

10.
11.

12.

13.
14.

15.

Mitglied der Helmholtz-Gemeinschaft

Investigation of the Charge Symmetry Breaking Reaction dd->4HepiO
with the WASA-at-COSY Facility, Maria Zurek, University of Cologne,
Germany, 2016

Hadronic Decays of the w Meson, Lena Heijkenskjold, Uppsala
University, Sweden, 201626.

Determination of the analysing power for the vec{p}p -> ppeta reaction
using WASA-at-COSY detector system, Iryna Schatti-Ozerianska,
Jagiellonian University, Cracow, Poland, 2015

Search for eta-mesic helium via dd->3He n piO reaction by means of the
WASA-at-COSY facility, Magdalena Skurzok, Jagiellonian University,
Cracow, Poland, 2015

Investigation of Dipion Final State Interactions in pp—ppn[n—1r+1T-y]
with the WASA-at-COSY Facility, Daniel Lersch, Bergische Universitat
Wuppertal, Germany, 2014

Dewelopment and Applications of Tracking of Pellet Streams, Andrzej
Pyszniak, Uppsala University, Sweden, Jagiellonian University in
Krakow, Poland, 2014

ABC Effect and d* Resonance in Double-Pionic Fusion to 3He, Elena
Perez del Rio, Universitat Tubingen, Germany, 2014

Study of n meson leptonic decays with WASA detector, Marcin
Berlowski, Nat. Centre for Nuclear Research, Warsaw, Poland, 2013
Analysis of dd —3He p 11— reaction at the beam energy 350 MeV,
Wojtek Weglorz, University of Silesia, Katowice, Poland, 2012

Studies of the Decay n—1r+1- 0 with WASA-at-COSY, Patrik
Adlarson, PhD Thesis, Uppsala University, Sweden, 2012

Test of charge conjugation invariance in eta->pi0 e+e- and eta->pi+pi-
pi0 decays, Marcin Zielinski, Jagiellonian Univ., Cracow, Poland, 2012
Measurement of the n—e+e-e+e- double Dalitz decay and the search
for new physics beyond the Standard Model in n—e+e- with WASA-at-
COSY, Patrick Wurm, Universitat zu Kéln, Germany, 2012

The Branching Ratio and CP-Violating Asymmetry of n—1+1-e+e-,
Daniel Coderre, Ruhr Universitdt Bochum, Germany, 2012

Study of the eta -> e+e-g decay using WASA-at-COSY detector system,
Malgorzata Hodana, Jagiellonian University, Cracow, Poland, 2012
Search for eta-mesic 4He with the WASA-at-COSY detector, Wojciech
Krzemien, Jagiellonian University, Cracow, Poland, 2011

1. March 2018

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Leading modes of the 3110 production in proton-proton
collisions at incident proton momentum 3.35 GeV/c,
Benedykt R. Jany, Jagiellonian Univ, Cracow, Poland, 2011
Investigations of the reaction dd—3He n 110 at 350 MeV
beam energy with WASA-at-COSY, Pawel Podkopal,
Jagiellonian University, Cracow, Poland, 2011

Study of a rare decay n—e+e-y using WASA-at-COSY,
Himani Bhatt, IT Bombay, India, 2011

Double Pionic Fusion to 4He - Kinematically Complete
Measurements over the Energy Region of the ABC Effect,
Annette Pricking, Universitat Tubingen, Germany, 2011
Study of the decay n—e+e-e+e- with WASA-at-COSY,
Leonid Yurev, Universitat zu Kéln, Germany, 2011
Analyse des verbotenen eta-Meson Zerfalls eta-> pi0 e+e-
am Experimentaufbau WASA-at-COSY, Alexander
Winnmoller, Universitat Minster, Germany, 2011
Measurement of the branching ratio of a rare decay eta-
>pi{0} gamma gamma with WASA-at-COSY, Kavita
Lalwani, IIT Bombay, India, 2010

Experimental study of ppeta dynamics with WASA-at-
COSY, Neha Shah,, IIT Bombay, India, 2010

Study of the eta meson decay into pi+pi-e+e- using WASA-
at-COSY detector system, Michal Janusz, Jagiellonian
University, Cracow, Poland, September 2010
Experimental Investigation of Double-Pion Production in
Proton-Proton Interactions, Tamer Tolba, Ruhr-Universitat
Bochum, Germany, July 2010

In search of the Box-Anomaly with the WASA facility at
COSY, Christoph Redmer, Bergische Universitat
Wuppertal, Germany, March 2010

Measurement of pd-> 3A X reactions with WASA-at-COSY
aiming at studies of the light scalar mesons a0/f0(980),
Chuan Zheng, Lanzhou, China, 2009

Analysis of the eta->3pi0 decay in the pp interaction, Peter

Vlasov, Ruhr-Univ. Bochum, Germany, Septem
Seite 28 O ))



WASA-at-COSY Diploma/Master theses

N

14.

15.

16.

17.

18.

19.

Energy Calibration for the Forward Detector at WASA-at-COSY with particular Consideration of the Reaction p + d — 3He + n,,Kay
Demmich, Universitat Minster, 2013, Germany

Design of the new detector setup for the dd—aT0 reaction measurement, Maria Zurek,Jagiellonian University, Cracow, Poland, 2013
Untersuchungen zur Optimierung der Dropleterzeugung innerhalb des Pellettargets des Experimentaufbaus WASA-at-COSY,
Christina Husmann, Universitat Minster, Germany, 2012

Feasibility study of measuring CP symmetry violation via n — 41t decay using WASA-at-COSY detector, Tomasz Bednarski,
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https://seafile.ikp.kfa-juelich.de/f/be5e9cecd1034a349320/?dI=1
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8 GB tar file (compiled by Volker H.)...
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