Doubly Strange System Physics with ( g nd =
Antiprotons at PANDA o

F. lazzi - Politecnicodi Torino and INFN Sez.di Torino

Summary

1. Overview of the physics of doubly strange systems
a) Exotic atoms
b) Doubly strange hypernuclel,
c) Double hypernuclei
2. Strangeness in PANDA: L L hypernuclei
a) Production of S=-2 with antiprotons
b) The 2 &arget technique
c) Antiproton beam and expected rates
3. Work In progress
a) Targets and detectors design, prototypes and tests
b) Simulation and reconstruction
c) Opportunities for simultaneous measurements
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New Frontiers in Strangeness Physics:
S=2 Systems

C ﬁ:ﬂ nd a

3 different systems contain double strangeness-g} =

N

Exotic Hyperatom :
a X hyperonis captured in an atomic orbit

Doubly Strange Hypernucleus:
a X hyperonis capturedinside a nucleus
(X hypernucleus

Double Hypernucleus:
a nucleus is made by nucleons and %5
(L Lhypernucleus
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What is new inX" hyperatom?

Hadronicatom, sensitive t&.M. + strong forces

Formation of X atom

Xcaptured i n a higahhynt)p mi c
Atomic cascade A Xrays emission A precise mass measurements

In a low level ng.:
atomic orbit overlaps periphery of nucleus,
nuclear interaction shifts  and broadens the level,

due to broadening, X is absorbed into the nucleus

!

Only shift and width of the last level q A Test of models

A parameters for
n of the cascade can be measured ) .
(Naps ) (Optical) Potential
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Status of artof X hyperatom data

Absorption n level in hadronic atoms
(from Friedman&Gal, P.Rep. 07)
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C |_II:EI nd =

DATA: p,K", p,andS data
coverthewhole periodidable
(ncIncreases with Z & mags

X and W are completely missing

X production

followed by stop
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What is new InX- hypernucleus?
Physics withX' Hypernuclei:

ANuclear structure: spectroscopyA nuclear potential

X-N strong interaction
Ashort range: 2squarks come into play
Along range:bosonsexchange  (Remarks: in OBE:
XNA XN : nostrange(I=1/2) mesonall 1I=0,1 exchangedw, ,ph )r
XN A L Lcoupling: only strange mesomexchange( k . . )
A In medium effectschange of Ymass , effects on magnetic momest
A X-N weak interaction
A Non MesonicWeak Decay XpA L n(E =95 [MeV], p_ \=469:
XNA SN (Eg =55 [MeV],pg\=366):
In nuclei: expected suppressed by strong interactidg,, a0,Gg, a O

What happens in neutron stars ( L- rich matter)?
doeso Paul i bl o c k istroggoéintesactiop rX& & L L?
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Status of artof X- hypernucleus data C p= nd =

» ¢ g\c; [ Dover&GatA attractive well (=21 24 MeV }
';‘ 20 o™
= 10 = .
w ® g 12C(K-K*) (B2 A V, al4 MeV (AGSi E885,2000)
@ = SCIFI(K-,K*) yAZ A V,al6 MeV (KEK i E224)

0 L

0 10 20 30

Each point : single observation, no statistics

Other measurements:

X +N:s,028mb ( Xroduced in (KK*), with p(K-)=1.66GeV/c)
(Ahn06,PLB633)

0 X + nucleus: mean free path in nucleaid.7fm (p(X’) = 0.6GeV/c)
(Aoki98NPAG44)

d _
0 K +122CA K*+1B,: (6 <8)°8dnb/si1  (Khaustov00,PRC61)
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What is new ir. Lhypernuclei ? (panda
Physics withL L Hypernuclei:

A L L stronginteraction (only possible in double _hypernuclei )
A YY potential: attractive/repulsive?
Ashort range: interaction of 2 squarks
Along range: bosons exchange (Remarks: in OBE:
L LA L L: only non strange, I=0 mesonéw, . /).)
A Hyper-fragments distribution:
dependence oY potential and onX nuclear level

A Strong decay:L LA H particle? (H = uuddss strongly bound)
> If YES, dominant on weak decay?

A Weak interaction: several channelsjesonicand nonmesonic[>
A L L weak interaction (only possible in double hypernuclei )

Hyperon Induced NonMesonicWeak Decay

AL L A L n: (expectedG , << G, ) (puy = 433 MeVic) == | IMportant short -
AL LA Sp: (expectedGs, << Gy, ) (Psn = 321 MeV/c) |range interaction
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Status of artof L Lhypernucleus data ( pamd =

[ L Lhypernuclestronginteraction ]

25

BE. . Some questions

[MeV] N A Coherent data ?

DB, | 1 . . A DB, is constant with A?

[MeV] | . : (Expected decreasing)
0 0w =& g A DB, |is attractive or repulsive?
bz 4 ¢ 8 B = » A B isincreasing with A?

DBLL:DBLL Lﬁz)l BLL Lﬁz)_ 2BL(LAZ)

[ L L hypernucleiweak interaction }

A alot of channelsmesoni¢c nonmesoni¢ hyperon induced, mixed, but:

NO DATA
Needs of: high statistics, several nuclel
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S=-2 Systems PhysicSummary (panda

_______

~
N
N

@ A X Hyper-atom A interplay between Coulomb and nuclear
. | potential in the peripheral nuclear matter

-~ -

A X Hyper-nucleusA, peculiar aspects of the strong and weak
Interaction: X" N potential, NonMesonicWe a k Decay:

A L LHyper-nucleusA peculiar aspects of the strong and weak
Interaction: L L potential, H-Dibaryon, Hyperon Induced
Non MesonicWeak Decay of L Lé

PANDA aims to investigate: L LHyper-nuclei

by IntenseAntiproton Beam to get High Statistics in SeveralNuclei
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Production ol LHypernuclei (panda

X hyperon is producedby antiproton in:
Poar * pA X+ X Poar * ﬂA XObar + X-
Threshold @ a 2.65GeVic

If a nuclear target is used:
guasifree reactions

X can rescatter in residual nucleus, strongly decelerating

X exits from the nucleus:
goestostopinordinarymatteri f doesnot de
IS absorbed in a nucleus
Interacts with a proton" pA L L

If L Lstick to the nucleus:L Lhypernucleusis formed
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Antiprotons@FAIR

Proton acceleration in LINAC to 70 MeV

Multi -turn injection into SIS18

Transfer of 4 SIS pulses to SIS100

Acceleration to 29 GeV and extraction of single
bunch

Antiproton target and separator for 3GeV (3.7
GeV/c) antiprotons

Collection and precooling in the Collector Ring (CR):
rate=10"7 pbar/s

Transfer to users (HESR)

Storage and acceleration of antiprotons in the
range: 1.5 15 GeV/c
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Choosing Antiproton Momentum fot (e md =

[ s(3GeVc) = Max (very few data) } B B
D . P +pA X7 + X
[X- X* threshold = 2.655eMc ] ) ' Bp
@ £ 37 = theor
o 2 - . * »
[p production threshold = 3.GeVc 1 o] ..
Iy R
. 0 1 2 3 Rkf[pink.Kaidalov96.
[anﬂproton momentum 3 GeVc 1 antiproton momentum - Reflblue]Musgrave$s

X productionrate dependalso on

A Experimentaketup : target sizes and material
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S =-2 Systems Production by Antiprotor ﬁ:ﬂ nd =

p |_< Xoar tN A Kpart Kpar tp+ € [ t Mpgoductiorg A trigger |

Elastic scattering in  nucleus: strong slowing down

N\
N\
N\

slowing down in matter /\ S

. X ‘%g (M2\§
(with decay) ) X pAL L
= conversion
‘. +L Lsticking
X capture into atomic
levels and hyperatomic
cascade
Capture into nucleus: L+L decay
Strong and Coulomb (MWD, NMWD¢é )

forces
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Two-target Technique ®ANDA  ( panda

| p |_< Xoar tN A Kpart Kpar tp+ € [ t Mpgoductiorg A trigger |

T
a Elastic scattering in  nucleus: strong slowing down

r
g

e
t N

N\
N\
: . /\ N\
slowing down in matter “ g (ME\Q
(with decay) ‘%ﬂ :
[l XpALL
conversion

T +L Lsticking

a x capture into atomic

rg levels and hyperatomic

g Ccascade

t

Capture into nucleus: L+L decay
Strong and Coulomb (MWD, NMWD¢é )

forces
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Setup forHypernuclei@ PANDA  ( panda

Micro Vertex Detector GEM Detectors SR e
Central Tracker Mini Drift Chambers L (from A. Sanchez, PANDA Meeting, Sept. 2012)

Muon Range System

\ Targetsystem

"~ TOF Wall

Muon Detection

EM Calorimeter

To detect

A Tt KE
A o, p, X,
A fragmentq?)
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3 Basic Problems dflypernuclearSetup ( ﬁ:ﬂ nda

1. Efficiency of the Slowing down of X" in nuclear matter:
A expected rates of stopped X
A expected L Lhypernuclei
2. HPGe performances in fringing magnetic field:
A Resolution
A Stability in long time operation
3.l nteraction between I nternal
antiproton beam:
A Beam structure
A Primary target features
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1 : - Sl¥wing down in nuclear matte_ I_]:E' nd =

Efficiency calculated by MC Primary 12C \

Ingredients:

A Very thin wire as primary)target D

A Homogeneou&?C as secondary target) Antioroton

A Slowingdown insidethe residuahucleusby it B I
nuclearscattering (INGlike model) /E

A Slowing down andtop byionization

A Atomic capture +Atomic cascade \Secondarylzc B /

The ratioR, of stopped to produce has been evaluated:
Rca 2 .32A10

(In the real seup (smaller and inhomogeneous secondary target,
slightly larger beam pipe& )a a 40% reduction is expected)

A fraction (roughly 5%) of stopped producel L(from old experiment$.
R,,& 5%A10
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2: HPGe inside thefringing field (panda

High precision 2and X ray spectroscopy requiregood performancesof
HPGe assembly even inside th&inging magnetic field (<0.5 T)

;o] FWHMvsgenergy i~  Testperformed orHPGein 0.8T magnetic
24] Hi‘ field with differento Gesergy showed:

: " . I 1 . .
e *ﬂ;’"““ﬁﬂ} * resolutions variation within 10%

124 * efficiency : no variation
e * performances : stable along 1 ye

0.6 :
0.4 m Outside magnet

0.2 e Inside magnet

T
0 200 400 600 BOO 1000 1200 1400
Energy [keV]

[keV

HPGecrystals can operate inside the fringing  field
safely and with high performance
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3: Time structure of thentiprotonbeam ( pamdz

Beam cycle of HESR

=

preparation of the beani0-15s

abkwio

Refiling HESRin 10°s (A 1.)

" Bunchis depleted by: )
a) Single Coulomb Scattering (¥¥

b) Hadronicinteractions (~A&?) by o2
c) EnergyStraggling Qegligible
\d) Touschekeffect (negligiblg )
H pellet target density: 4  x10° at/cm 2
Diamond target density: 5 x10' at/cm 2 Liow
~\
Solid target quickly
destroys the beam
y,

9/2/2013

Target insertion ¢lata taking , bunch depletion
Target switched off, inverse preparatioh0:15s

injection of 102 bunches10® pbar each ) intdHESRfrom
CR,without targetin 1000 s: 10°°p b a total bunch

(=] =
£ g5 S
8 § &5 g5
Q = = =
[ ol b-g =] 11
& 5 20 S s
n.. — "B —
- @ '-'.:E E QO
£ 3 &% g 9
& Q 2m o S
§ &€ 5§ &5 3
S s )
§ Y38 5 Physics g
g “35 3
-t e t et
—lprep—>-< exp -€—prep->
tc}u:.'n
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3: Antiproton beam spot and target (e md =

Upstreardownstream view of the targe

Radial Gaussian distribution pbarsin the bunch

Shifting 51 frame
beam spot

Diamond
target

A the rate of interactingbaris maintained consta
A therate of producedX remains constant

Overlappingargetwith beam spot tail
A small bunchfraction interactswith target

A bunch is slightly consumed

A this fraction determined by max ann. rate

o]

Beam steering technigue A X production r aAt e a
ALLproduction?/s@az. 3/m@dDO

[Efficiency /channela 1-® ch A 50-100 detected 1 -channel -L Lin 4m]
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Work In progress

Set -up construction & software:

Work Is In progress

9/2/2013
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Work in progress: Internal Target &Shifter C p= nd =

Prototype of internal target
(sizes: 13mm x 10€@m x 3m)

od

"

i

e

.

a_

&

=

E
=

Tests under proton beam
Homogeneity and purity (B.S.)
No phase modificatiomR.S)
Good mechanical resistance
Good thermal and electric conductivity

o T I I

Problems
A Cutting into Gshape
A Brittleness for asymmetry

9/2/2013

Storage of spare targets
(shifter: under study)

Courtesy oA.Sanchez&S.Bleser

Problems
A Vacuum leakage
A Lubricant sublimation
(piezomotor?)
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Work in progressSecondary Active Target C ﬁ:ﬂ nd =

Designof Active Target (MC) 1 Sector prototype
| “Fan out of the readout electronics.
Courtesy of » Sensors and readout boards
A.Sanchez&S.Bleser S0
&SERSTII connected by Ultra-thin microcables
via TAB bonding.

APV-25 chips

51 u-strip sensor z
| 30590 i Pitch Adapter
Pitch 50 um

3 side sectors, made of: Under test:
A Alternate layers absorbemstrip A Readout space
A 3 absorber$Be, 10118 12,1C A Minimizationof material budget

F. lazzi ICNFP2013 Crete
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Work in progressHPGe (panda
Single crystal performances in magnetic field: OK

Activities toward a prototype diPGe ElectroChemicaCooler systen
Cluster Array (under study, to save space)

Courtesy oA.Sanchez,\Msteiner&l.Kojouharov

Encapsulated HPGe .

crystals

Electronics
chamber

MC study of the cluster geometry for:

A Tests on radiation damage X-Cooler Head,

A i !oar_tlally hidden

Testson pile-up inside the

A Analysis of the pulse shape electronics

chamber

F. lazzi ICNFP2013 Crete
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Work in progress: final state reconstructior’_ p=a nd =

Reconstruction mainly consists of : Using detectors:

(Courtesy of A. Sanchez) A Simstrips in secondary target:
A Trackfinding&Tracking(Kalman& tracking(+ energy loss for PID?)
GEANE) A TOF system : time of track
A PID: Energy loss inSi mstrips pions (improvements under study)
protonsigth fragments) in STT& SciTil, A STT : Energy los& P 1 D ( K
(Kb a forargyger) AHPGe@®s sraysX
L L L L L e N —
s p correfation | Event reconstruction, | e T ,
- Osey, | ] also usinggin . | I
o2 [ ]Li® o .. 5
S | [Jeesh" 1 coincidence 8 of 6 | |
8 .| Cees - i
% i oo 1Ga$nm3a-r;y Ene?'gy? (Mse\.!‘)9 1 % #Gairréa-riy éneégy;(méevé 10
£ o0.08— — ‘ 14 A2
g« 12 l d) °Be +*H ; o d) "’ Be
oo0dl— .- oL Gk DR : g : l
B I e : :
' %, momentum (GeV/c) ' RERNCRCRC NNV U NN N NI
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Simultaneous measurements: exotic atom( p= “)ﬂ i

X - Hyper-atoms are formed as
Intermediate state of theL Lformation process /

In PANDA: X-ray emissionfrom X atomcan
bemeasured for free) by HPGe

A XNA XN: final state reconstruction
(needs high statistick

X' Hypernuclei too are formed as
Intermediate state of thel. Lformation process

A In PANDA: XN A XN : final state
reconstruction? (needs high statistick
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Conclusions C I_]:E' nd =

A Thephysics of doubly strangstems presents interesting aspec
concerning:

A the strong interactior¥(Y, X-nucleus
A the weak interactiomgesonic and nemesonic decgy

Thepresent world data collection is very poor:
A few units ofL LandX hypernuclei angho X hyperatoms

PANDA: setup dedicated th. L hypernuclei

A Highlights of PANDA:
A Hyperon production by antiprotons @G&V/c
A Il ntense antiproton beam together
A Double target systeif#, flexible choice of hypenuclear targets)
A High resolutiongdetection in coincidence withdetection

A Expected results:
A High statistics in single channels for different hypaclei
A X-hypernuclei and hypeatoms could be investigated too
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New Frontiers in Strangeness Physics: ( ﬁ“'ﬂ nd =
S=2 Systems -

A Danysz & al claim double
hypernucleus I n 066 3

A Jaffe  proposes H, a system of
deconfined uuddss, I no

\ 4

ya N\
Stragematter  N|JCLIDES & HYPERNUCLEI \
S:-OO‘

§/{jﬁft}b}lﬂt;%:l—.llzljl'l}))ir;li'nu-::1ei EXO[./.C X ameS

S=-2 F—

S=-1

. ./ _Neuz‘ron Slars
neutron
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L

L Hypernuclei& Astrophysics (panda

Hypernucleadata provide valuable input to nucleatrophysics

l. YN &YY couplings givanformationA emergencef Y 6 s
A in the core of neutrostars
A in thecoolingbehaviourof massive neutrostars

II. Non-mesoniowveak decays of hyperons in a dense medium
controlthe bulkviscosity of neutron stanatter,regulating
ther-modes instability of pulsars and their emission of
gravitational waves

lll. if the hyperorhyperon potential isuitably attractivenew
class of hyperon stars can be formed

9/2/2013
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Strange Particle Production in the (panda
PANDA energy range -

[ @ HESR: pbar+pA Bbar + B ]

Final State Mass vs pbar momentum threshold
’ L-L bar
° - S Sbar
>
8 °] . - X- Xpar
é 4 - - A W V\'{Jar
% 22
& 3 . B oD All strange baryons can
g, e° " be produced in PANDA
1 0 Lc' cher
Sc' Scbar
I e
0 2 4 6 8 10 12 14 16 X Xepy
PANDA range pbar threshold [GeV/c] W- chbar
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Hyperonicatoms production: HA1

S M=1.19734GeVicy; t = 14.8210™ [s]; S =-1 X1 M=1.32132 GeVic?; t = 16.39101 [s]; S =-2
K+pA S+ s K+pA X+ K" (Threshold 1.05
o) _0 - mpr > o (Fm--(
S 20 : p+ % 2500 1
%250 S o 0 Y * = 2000 o
g 200 [ ) t : : : ] [} n n n n E 1500 o* *
% 150 z o0
E 100 3 1000 o
§50- %500 "Ssassnmns
g 0 ' ' ' ' ' =
[ 0 20 40 60 80 100 120 '>< 0 T T T T
K- momentum [MeV/c] 0 500 1000 1500 2000 2500
K" momentum [MeV/c]
S stoppingtime at pk =50 X stoppingtime atpk =1.8
MeV/c: GeVic:
A InPbt 2.5 10" [g] A InPbt 13.3 10" [g]
A InFet 2.0 10" [s] A InFet 12.7 10" [s]
A InC:¢ 5.910" [S] Experimentswith S A InC:¢ 33.210" [S]

AK™ broughtto stop in LH2

AS broughtto stop in LH2 andolid

targetthin foils ( W, Pbe)

ASigmaonic atomsformedin solid

targets <]




H-dibaryonmass (panda
A H particle : di-baryon (B=2) s |
systemde-confined uudds$ L
A DoubleHypernucleican 2o pr=
decay by strong interaction s |
A A-2 %44
L LZ - H + Z 1.0 —
If M(H) << M( L), decay into H is Observation of weak decay
strongly dominant with respect == | Puts strong limitations on
weak decay M(H) (>2M(L)-B(L D )
_ L Héifetime & 128 102 [s], BH) & 340 [MeV]
(Kerbikov,SJP,1984) (Takahashi et al, ArXx2011March)
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X hypernuclel (1)

Physics (II): X-N weak interaction

Non MesonicWeak Decay
AXNA L N (E =95 MeV],p_ \=469) L sticking? Nucleon ejectedG_\ =?
AXN A SN (E5=55 [MeV],ps\=366): Ssticking? Nucleon ejected Gy =?

AVlesonicWeak Decay: X" A L - E, =9.1[MeV] Pp=143): no Pauli blocking

F. lazzi ICNFP2013 Crete
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L Lhypernuclei (I)

L L weak interaction
(only possible in double hypernuclei )

Hyperon Induced NonMesonicWeak Decay

AL LA L n:(expectedG , <<G,. ) (p.,n = 433 MeV/c)
AL LA Sp: (expectedGs, <<G, ) (Pgn = 321 MeVic)

Calculations in absence of H: G, Gy, small

(TakahashiNP2003,ParrenosPR2002, ItonagaNP2001)

9/2/2013 <] F.lazzi _ ICNEP2013 Crete




Physics with L L hypernuclei: status of art (ll)

[ L L hypernuclei Weak decay: a lot of final states, new B.R. } Ggo

momentum range is approximately calculated

MESONIC WEAK DECAY OF 1L for Z=6,7;A=12;B =11[MeV];B.E(N)=8[MeV]
Neglectlng DB, ,

G(L)/G(L) 0 }/7

£ .2%+p° G’ 86.70p, O 103.

A
LLZ B

)\
[ (Z+D%+p G" 88. 4, @ 100.

NUCLEON INDUCED NON - MESONIC WEAK DECAY OF 1 L

. ) L L s
. €, Z%%+n+n G- 391. 10 M16. 7 5
LLZ -] n

A-2 -
(Z-D)F“+n+p G- 39L 2 O 4Q44.6

HYPERON INDUCED NON-MESONIC WEAK
DECAY OF 1L (HINMWD)

I A_2 N N
+| + (L) L L
?Z L +n . 402. 2004 3 ». Q_:‘L(n)/eén)o?

| G i
[Z7%+S +p L 275.800318. 9

p
4 + fragmentation 9/2/2013
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L LHypernuclei Production using-K ( mamdz

Up tonow all DSS experiments used lleams (1.66, 1.8 GeV/c)
Using reactionK- + p (in nucleusp K* + X
thresholdp,.-a 1. 1 [ GgV /0c ]5 [ j@reiRely sticking X))
In the 1960 s f 1 r sih bulable shambers ¢mulsions
(measuring B.E. only)

Recently: countegxperiments

KEK-E176: emulsion targ€X production&stopping) + spectrometerttagging)
KEK-E224: SCIFI| active/passivarget
KEK-E373 SCIFI active/passivarget.Still analyzing data

AGS-E885: emulsion targ€X production)+ spectrometelK{ detection)or
C(K-,K*) (Bet?reaction

AGS-E885,E906 diamond targetX  production&stopping) + scintillator array (n
detection) for €&((K-,K*) | B**+nreaction X- hypernuclei confirmation, ratie. L
hypernuclei to stoppeXé s det er mi ned
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Expectedberformance @ HESR:

A Generation of intense antiprot
beams

A Wide energy range:
1.5-15 GeV/c antiprotons

STORKL1- F. lazzi Politecnico di Torino&INFN 9/2/2013



