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E E I Darmstadt

Rare Isotope Physics. | {Plasma Physics ..
e nuclei at the extremes ol e a_ttezr at the extremes of

- ® nuclear astrophysms
o fundamenta 'ymmetnes

200 Tm

”"cture of Baryons and -

Nuclear Matter at the Highe
_  of the;ﬁ:N'uclear Force

Baryon Densities .
e the nuclear matter pha
| diagram

e QCD phase transntions

High enerc
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E= =M Accelerator Facilities
Darmstadt SIS 200

— existing
—— planned
- options

High intensity synchrotron
Fast cycling supercond. magnets
60 GeV protons
23 GeV/u U %2+
30 GeV/u Ne 10+
1 GeV/u U7+

2-20 MeV/u
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Physics Program at HESR
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' Precision-spectroscopy of J/y (cc) | I
data: CB (SLAq: ete) l
3 3 i L 1 1 . L i i 1
Very little known LD D2 v X1 I
38 1 DB threshold e 2R Xo
o a ) = \ 1 |
- ’
36 0'*% :' lh& &Xz o+
3.5 — : (44;‘“ X 17 LI o -
34 - -, 0 -
33 ." or 1 -'
] ;, ‘ l "l laocn;crm: Sum_meu‘d . o
L iy €0 100 200 400 so00
31 /17— Ey (MeVv)
3.0 4+ nc"/ ' 3 3 . oy
0 sﬂm _— oger Tk gt T data: E 760 (Fermilab: pp)l
L=0 L=1 L=2 14 1.4 b)
‘a; 12 X, } L1z X
1- states g‘ 1 1
L] 0.8 ; 0.8
populated in e*e- £, N s
: ‘ ‘§ 0.4 ," \ P 0.4
. = [ ! ; 0.2
= confinement-potential 0 M \ A
B 3552 3554 3558 3558 2580 3562 IS64

spin-dependence

i L N " A
3508 3500 IS0 3511 W12

beam profile
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doo7

cé | JFC | M [MeV] | Tyo: [MeV] | Decay mode | o(M)* [pb] | Events/day**
e | 07 2080 13.2 % 550 4400
7. | 0% 2980 13.2 il 3100 24800
n | 0°F | 3594 ¥y 120 960
v |17 3097 0.087 ete +utpu~ 630000 5040000
o1 3686 0.277 ete +utu~ 4480 35840
¥ 1T 3686 0.277 ¥ X 17600 140800
xXeo | 07T 3415 14 vy 30 240
X0 | OFF | 3415 14 T 52 416
Xer | 1T 3511 0.88 0% 4 3600 28800
Xe2 | 2%t 3556 2.0 T 3700 29600
Xez | 2¥F | 3556 2.0 Y 220 1760
ccg | 17~ (4100) | (0.2) (T ™) (120) (960)
cég | 17F (4000) (0.2) (¥ w,®,v) (9) (75)
* For selected decay mode
** [, = 9% 1032 em~2571, 50% detection and accelerator efficency
— integrated luminosity = 8 pb~!/day

**¥* 1% branching ratio for this decay mode

Table 1: Production of Charmonium- and Charmed Hybrid-states in pp-annihilations
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| CP - Violation I

CP-violation in the weak decays of a baryonic system: A —>pn™, A —prt

AA-System:

No CP-violation by mixing in the baryonic sector: B-number conservation
Only direct CP-violation possible

|l g =sas

\
s
ll\
-
a =
;Y_J
-
I
&
+
(=T —
. ¥y
g
. y )
= =%
3 =
\_Y_J
=
I
[u—y

A: Analogously

a+a
B a-a
HESR: p(1.65GeV/c)p > AA  (see: PS185-Experiment at LEAR)

AA) > pn,pr’ : I(O) = ‘% (1+ o(xX)P, cos ©), Self analyzing decay
- .

SXA <1074: 40 days of measuring time

Prediction: Difference of angular decay asymmetries (0,@) A = ~1075-107*



08/24/00 THU 15:40 FAX 630 840 6311 FERMILAB 13 NORTH d009

D/]_)-System:
CP-Violation by mixing:
{ __a\

\D/ D" } '

Direct CP-Violation:
(0°/D°,0* /DD, /D, )

HESR:

| CP - Violation I

Much smaller than in K/K, or B/B,
(no intermediate t-Quarks)

Mixing can be measured at HESR in semileptonic decays

I'D°— I X)
(- I'X)

I'p =

. + +37*0 =t
pare e.g.: F(D —-»K'K"->K'K'=xn

)
)
o rp">KK® 5K K')

vy/;_E_K* - ¢ d _
¢ .S —w[—s K
a [SJ

D*:

D-: Analogously
Prediction: o, < 1.0x103

108 reconstructed DD-pairs
s Observation of 3c-effect
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free hadrons

B=0 B=1
S=0 S=%1 S=0 S=-1
A —
¢ —
1.0 F—/— K* TA’E
nT
> p, ®
@
2 n
go51 K
3 Pseudoscalar
- Mesons
J*=0)

e

Quark Condensate < qq >
Gluon Condensate < GG >

630 840 6311

FERMILAB 13 NORTH 010

l hadron masses I

llGap"
A~<qq>

Vacuum

T [MeV] 300

hadrons in the nuclear medium

<qa>p|

SPS
Y, ,p —beams

RHIC
SIS 18

LHC SIS 200

J\

hadron masses can be modified by the nuclear medium
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K~ /K" ratio from C+C collisions

]
C+C, 1.8AGeV, 8, ,,=40°
+ 0.04 :
%5 - , RBUU:
U b medium mass
o) ] bare mass
0.03 | ++
0.02 | ++
001 | T
| -
0 ....I.l.ll.:..in...l.jnj
005 01 015 02 025 03
ESn(GeV)
KaoS data:

F.Laue, C.Sturm et al., Phys. Rev. Lett. 82 (1999) 1640

RBUU calculations:
W.Cassing and E.Bratkovskaya, Phys. Rep. 308 (1999) 65



08/24/00 THU 15:42 FAX 630 840 6311 FERMILAB 13 NORTH do12

D-mesons in matter I

PAAEREN (gl
T Co D-meson = "H-atom"' of QCD
/—'—E cnmaléle lda, 4 A3
+ SENSITIVITY 10 in-meéaiuimi
D /\x x/\ change of chiral condensate
mC<dd>p
QCD-sum rule analysis
m L R |
mp:+(p) — mp = ———¢ [(qq>p - <qq>0] —(d*d)
4fD mp 4fD T

5= (190 = 20) MeV 3/2 p

D* in nuclear matter (preliminary):
(Ph. Morath, S.-H. Lee, W. Weise)

D-_t
F: ---------- ‘ - =
vacuum . p- |~ 30 MeV
\\ N v
\ [} :
\ mass splitting b
\ ~ 50 MeV l 3 prEtng by
N DY + —term
— Y J 8 sz PB
PB =Po
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l Double Hypernuclens Spectroscopy I (J. Pochodzalla et al.)

1.5 GeV/c

+

|

{11

& — ''trigger"

= "slow"
=
"Capture" of £ " in
A A/Q secondary target

= p—AA

detector scheme I

diamond
tracker

. microstrip
2 gas tracker
/-‘

rates: A A hypernuclei

detected '\‘f.fra nsitions:

L5 3% 2 2% A Sema

8000 per month

80 per month

s
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(PK)

IO D (Qwmamnitimatiin o
FMTroOIN — DPCblllLdLlUllb

ENERGY: Bp=50Tm = 15GeV/c (p); 7.5GeV/c(Z/A=0.5)
e Charmonium + (ccg): p~9GeV/c

® Associated charmed hyperon production: Q:-Q. ~15GeV /¢
o Subthreshold charm production: DD ~9GeV /c

Conclusion: For cooled heavy ions a higher Bp may be wanted

Luminosity: 2x10°* cm™s™ is desireable

e Consumption Limitation: L, = (1/c;)(dN/dt)
= 60mb a p -source with dN/dt = 1.2x107p/s is needed.
CERN in 1990: 1.7x10"p/s
e Target Luminosity: L=N-f:N;
N=2x10"%p f=0.5MHz Ng=2x10"*cm?s”
Thickness of target determines Ap/p: ~7.10™°!

Momentum spread and Beam diameter
Request:  Sp/p~7x107° desireable for cc spectroscopy
D ~ 20um needed for D-tracking!

Electron Cooling needed: E~=8MeV(15GeV/c); 3.5MeV(6.5GeV/c)
L=20m; je=0.1A/cm?*; B~0.3T
1.<60s (Ep=5GeV) 1,<Is Rp=18MeV/s = 30eV/turn

Energy variation and calibration.
e Ejvariation continous by change of E.! Sweep mode
e Ej-calibration: From ¢’- voltage!
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(PK) | | |

HESR50:Bp=50Tm 15GeV/c p |
C=600m: 2 x 150 m straight; 2 x 150 m 180° arcs;sc magnets

fr = 0.5 MHz; stored beam: p up to 10" =24mA
target: supersonic jet 3 x 10" atoms/cm?
: L=5x10em?s?
reation T, = 10.000s

from SIS, p-accumulator etc. ] _ — Extraction 2
S dN/dt( p)=3x10" p/s .

S~
~ i
e — /‘{' -

electron cooler

- . ! internal tal
Electron cooler: friemaltarget

Energy: E, = 7.5 MeV; eff. length = 20m; j, = 0.1 A/cm’*;B 0.3 T in solenoid

Design aim:

g, < lnxpm mrad .Jgs = 10pum (!) for § =0.1m Rp = 10eV/turn = § MeV/s

Ap/p < 10° dE ~ 0.015eV/turn (3x 10/at/cm?)

Notizen:
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,L//'?A eneigy ééd:’w// w@//;// §/ /f&yg

(PK) . (1

Nur 1BS
1O=5:~ -~
i
<
3
10~8} _ .‘ -
X Nur Gastarget ]
10"‘#1?/. " A AL I 3
s T S S ARSI SIS SN ST ST TN WY SRS
1 1010 ' 10!h 1':(‘94119 y
Figure 2: | momentum W of g1l eleeﬁmn m 1
stored in the HESR in equilibrium with inbea-bos sceteoing s, ]
stored propons fref. 3). Cooling parameters are takion %ble .
X ]
P
~ 10 o :
g2 ]
i i
-8 u R SRS
10 » N PSR S O U 4
1oT% ez 'S 10'6

n, [em” 1

Ficure 3: Longitudinal momentum spread of an electron cooled proton beam
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} detector scenario for HESR I

detector features:

high rate capability

sophisticated and fast trigger scheme

tracking of charged particles

measurement and identification of v, e*, u*, n*, K%, p, p




