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Outline

 Hadron spectroscopy with antiprotons;
« Meson spectroscopy:

 Low energy sector;

 Charmonium energy range;
 Baryon spectroscopy;
* €.m. reactions.
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PANDA Physics Program
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« HYPERNUCLEAR PHYSICS
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Physics scope

One of the open problems in the Standard Model is a full understanding
of Quantum Chromodynamics (QCD).

QCD describes well phenomena at high energies (perturbative regime).

At low energies, QCD becomes a strongly coupled theory, many aspects
of which are not understood.

PANDA will study pp and pA annihilations, providing unique and decisive
measurements on a wide range of QCD aspects



pp Anihilation

|5p annihilation is a Gluon-Rich environment

Direct resonant formation of states with
all non-exotic quantum numbers.
= excellent precision in mass and

width measurement

Access to both exotic Formation

and non-exotic quantum Quantumnumbers :gsg;;;:w"y
0 c like pp
numbers via production " 6 ——6€
and formation reactions “'\.

< — \ . /L\‘ Recoll

Meson

Production

Versatility of physics program
if coupled to universal detector

_ Uniqueness of p probe
no other p facility in this energy range in the world
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Facility for Antiproton and lon esearch F-\IR

/
p-LINAC Antiproton production
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S Y /ZFRS e e Proton Linac 70 MeV
6 - UNILAG 1;./ f“, NN ss100n e Accelerate pin SIS18/ 100
S LT IS /B 3 e Produce p on Cu target
\\6\\% | V 7y Super - FRS e Collection in CR, fast cooling
'“\g oy e Accumulation in RESR
#% e Storage and usage in HESR

p-Bar-Target

EXIStIn g Helix dipole I" Stochastic
magnet i kickers
"\-|_—0. ( " ---MH.I‘;.,.I
\o"\. Electron cooler ~I~’
— '\'
f Ouadrupoe ms:
1 8| bc. pole of steere
' S i ey
. Rt
_ . \ Sl i
HESR: Storage ring for p .
e Injection of p at 3.7 GeV/c S ey :
L SIOW SynCh I‘OtI‘On (1 . 5' 1 5 GeV/C) ffdzbéféf?;gisog) RF ?_nv'n_nﬁ T St(_)c:astlc
e Luminosity up to L~ 2x1032 cm-2s-1 — — — ( pandarws

1031 for MSV0-3
e Beam cooling (stochastic & electron)
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Antiproton power

p-beams can be cooled = Excellent resonance resolution

before cooling —
after cooling —

ion intensity

P S

0.97 1 1.03

rel. ion velocity v/v,
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Antiproton power

p-beams can be cooled = Excellent resonance resolution

The production rate of a certain final statev
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Antiproton power

p-beams can be cooled = Excellent resonance resolution

The production rate of a certain final statev is a convolution of the
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Antiproton power

p-beams can be cooled = Excellent resonance resolution

Resonance
Cross
section

The production rate of a certain final statev is a convolution of the BW cross section
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Antiproton power

p-beams can be cooled = Excellent resonance resolution

Resonance
Cross
section

The production rate of a certain final statev is a convolution of the BW cross section
and the beam energy distribution function f{E,AE):
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Antiproton power

p-beams can be cooled = Excellent resonance resolution

Resonance
Cross
section

The production rate of a certain final statev is a convolution of the BW cross section
and the beam energy distribution function f{E,AE):

Y= {Loe / f(E,AE)ogw (E)dE + ab}
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Antiproton power

p-beams can be cooled = Excellent resonance resolution

Resonance
Cross
section

The production rate of a certain final statev is a convolution of the BW cross section
and the beam energy distribution function f{E,AE):

Y= {Loe / f(E,AE)ogw (E)dE + ab}

The resonance mass My, total width I, are products of branchingratios into the
initial and final state B;,B,,, and can be extracted by measuring the formation rate
for that resonance as a function of the cm energy E.
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Antiproton power

p-beams can be cooled = Excellent resonance resolution

Resonance
Cross
section

Typical mass resolution
= efe: ~ MeV

=  Fermilab: 240 KeV

= HESR: downto 50 KeV

The production rate of a certain final statev is a convolution of the BW cross section
and the beam energy distribution function f{E,AE):

Y= {Loe / f(E,AE)ogw (E)dE + ab}

The resonance mass My, total width I, are products of branchingratios into the
initial and final state B;,B,,, and can be extracted by measuring the formation rate
for that resonance as a function of the cm energy E.

Paola Gianotti 6



Comparison with other techniques

« ete-
— direct formation limited to J°¢ = 1-—-
— limited mass and width resolution for non vector states
— sub-MeV widths very difficult or impossible
— high L not accessible
« high-energy (several TeV) hadroproduction

— high combinatorial background makes discovery of new
states very difficult

— width measurements limited by detector resolution
« B decays (both for ete~ and hadroproduction)
— limited JPC

— C cannot be determined since not conserved in weak
decay
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Antiproton power

> e*e” interactions:

> pp reactions:
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Antiproton power

> e*e” interactions:

- Only 17~ states are formed
- Other states only by secondary
decays (sub-MeV widths very difficult or
impossible)
- high L not accessible

> pp reactions:
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Antiproton power

> e*e” interactions:

- Only 17~ states are formed
- Other states only by secondary
decays (sub-MeV widths very difficult or
impossible)
- high L not accessible

> pp reactions:

- all gq states directly formed
(very good mass resolution; p-beam can
be efficiently cooled Ap/p ~ 10~)



Antiproton power

ete” > w§S) P P %as
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e*e” interactions:

- Only 17~ states are formed
- Other states only by secondary
decays (sub-MeV widths very difficult or
impossible)
- high L not accessible

> pp reactions:

- all gq states directly formed
(very good mass resolution; p-beam can
be efficiently cooled Ap/p ~ 10~)



Antiproton power

ete” > w§S) P P %as
YX1,2 - )
- YYJAp i /w% vete~
- yyete”
» e'e” interactions:
- Only 17~ states are formed
- Other states only by secondary |
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Antiproton power

e'e” > Y(25) pp X1,2
(V%12 e|:9 VI
- YYJAP = ye'e~

- yyete”

> e*e” interactions:

- Only 17~ states are formed
- Other states only by secondary

|

decays (sub-MeV widths very difficult or ++ o CBall

impossible) 100 = + ® E835
- high L not accessible . c1 ++ ++ Tro00
> pp reactions: = + Q + =
_ 3 ® * |3
- all qq states directly formed o + 8 g
(very good mass resolution; p-beam can I +¢ ° o &
o i~ -5 @) L

be efficiently cooled Ap/p ~ 10~) o® | 'Il | ..l

3500 3510 3520 MeV ECM

Br(pp > M) =1.21073 Br(e*e™ >v’) -Br(y’ > ym.) =2.5 1075
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HESR in the MSV

* The intensity in the HESR in the MSV0-3is limited to 1019 p-bars due

to the cooling and injection efficiencies (RESR will not be present and
its work will be done in the HESR).

* This means for PANDA:
1. Lower intensity

2. Lower duty cycle
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The low energy range

In the last 20 years many steps forward in the field were possible
thanks to the variety of facilities available all over the world.

Main non-qq candidates
f(980) 4q state, molecule
fo(1500) 0** glueball candidate
fo(1370) 0** glueball candidate
fo(1710) 0** glueball candidate
Nn(1410); n(1460) 0~* glueball candidate
f1(1420) hybrid, 4q state
71(1400) hybrid candidate 1-*
71(1600) hybrid candidate 1-*
7t (1800) hybrid candidate 0-*
75(1900) hybrid candidate 2-*
71(2000) hybrid candidate 1-*
a,'(2100) hybrid candidate 1**
®(2170) hybrid candidate 177, 4q state

Nowadays confirmation of predictions, together with unexpected results, are
still coming out mainly from e* e~ collider.
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Y.(2175)

The Y [X](2175) [or $(2170) on PDG] was first observed by BABAR in the process
ete™ — ¢(1020)f,(980) and identified as a 1~ state

M = (2.175+0.010+0.015) GeV, T = (58+16+20) MeV.

Then was confirmed by BES in the decay.J /¥ — n¢ f(980)

with M = (2.186+0.010+0.006) GeV and I = (65+25+17) MeV.

We performed a preliminary study for this channel looking to the following
reaction: pp — YS(2175) + X with X beinga n®or i~

opntT, gb?TOWO
assuming different hypotheses for the signal cross-section and the decay

B.R.

This is an example of “meson production” for which we can investigate
different decay channels.



Light meson spectroscopy

Assuming cross sections of about 10 nb for glueball/hybrid candidates important

topics of the PANDA light hadron spectroscopy program can be addressed:

« with an integrated luminosity of about 2 pb1 /channel;

* for new resonances, which do not require a Partial Wave Analysis, results can
be obtained with data samples of 0.1 pb.

Data samples of 2 pb! recorded in the low and high energy region, will allow to
start first spin-parity analyses for spectroscopy.

These corresponds to 5 days with a Luminosity of 1031 cm= st that is foreseen for
the PANDA Day-1.

PANDA will collect high statistics on many channels in the low energy sector



Charmonium States

Study of charmonium states plays a crucial role in understanding QCD.

3.8
3.6
G | 4
<34 3}
% B Hm(l‘]
0} (Gev)
o 2r
@
23.2
|._
3.0 __YIC(1S) _
:JPC= O—+ 1=~ 1+~ 0++ 1++ 2++: .
L L=0 0 1 1 1 1
2.8
-2

The system is non relativistic: vZ = 0.3

The mass scale is perturbative: m, = 1.5GeV

The structure of separated energy scales
makes charmonium an ideal probe of

(de)confinement.
Charmonium probe the perturbative,

non perturbative transition regime.

¥ ; Xz |¥ (

3r

4 o
22kt Vis + Vss + V1
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XYZ Mesons

Without entering into the details of each state some general consideration can be drawn.

* masses are barely known;

> __Charmonium Spectrum|,- , ‘ _
- ¥ Ve I * often widths are just upper
A ;ggzﬂj,—:i{;;@;;::::::::::::zmg;f_ B‘Bz 5D Iimits;
[ e vaso z,,.f42_5g__DSD'S1‘ 580 o f final h b
-~ 2 2% Y0ED 552D e 1. ew Tinal states have been
X410 2 aien) — T T T T T e——=====2-—"1D D .
o UF, Y@140)e | T studied;
SPNG a an A L P 1T =L s -
S 4)98%4%0X'ﬁei"fr—‘-—ll’»——l:l———-.éréﬁ%—__,____: DD * statistics are poor;
S T h——¥p— - ——exge72lD D, JDs 4 5 .
. S — - e quantum number assignment
, __'—'—"Z‘S"—T—————————————'———'—'——f . .
S [ N is possible for few states;
c'p y i W 1
3500 | M pp, e - * some resonances need
| ssss0s u.xc i . .
° confirmation...
L el y There are problems of compatibility
3000 L2, - :
e " Theory - Experiment

Ol_' ]l_ ll'_ OI" ll” 2'” 2l-' 21— 31— '7 Arxiv:09010.3409v2 [hep-th]

Paola Gianotti — INFN LNF 14



X(3872)

Discovered in 2003 by Belle (+ CDF, DO, BaBar, LHCb ...) in B*>X K*; X=>J/ym*ntis the big
brother of the new “charmonium like” states.

M(X(3872)) = 3871.95 + 0.48(stat) + 0.12(syst) MeV/c?

e e e T T T “:
: @ 535 > E(I'U' T T T T T
i o § 2 100 10<p, <50 GeV E’\:is\]fifﬂe\l{
i BELLE §30 0 : Iyl <12 :ﬁo?gi( it ng
S s & S I ER
=0 @20 T 60 8 4 .
2 15, 3 g
w 40 E 10 N
0= + 7 r 75 38 385 89 395 4 ]
4 10 i m(JAp ') [GeV] i
I ] : sof et
e - d 5 i X(3872) has been observed
TT | | T T IS U TP S T SO (SR TP SR T S RPN S S S
L ] 887385384 2863.66 3.9 2.923.943.983.98 4 86 87 838 8.9 4 .
T e (GeVic) muwxn GVl IN several decay channels
3000 ~ o 160 N
CDF Il 1400 © 800 g J/LIJH+T[_ D*ODO J/l.IJv J/LIJ(L)
1300 S H 2 0 ’ ’ ’
25001 1200 S i z
“, 1100 2 600 g 120
E'ZOOO‘ 1000 ; r g 1000
® 900 @ i w . . )
81500' 380 385 390 395 g 400 80 |nterpretat|ons OSClllate.
3 o~ S I 0 . .
2 1000, ' ' s | - charmonium state;
o (6] 200 400 . —_ 0
soo] | W : - G - D*D%molecule;
L M . . (GeVic’) ik
- wp Y LA M P
S — 08 0708 08 1 W0 A0 00 3900 - tetra-quark state.
3.65 3.70 3.75 3.80 3.85 3.90_3.95 4.00 M“.U_K,x_ - Mu.“. (GeVic") M(J/y 7* ) [MeV/c)

Jiyn - Mass (GeVic™)
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X(3872) Lineshape

Being close to the DD* threshold there are different hypotheses on the resonance shape.

+My*-
o0 DDo*
” > I v T y y T
= — -
J/L]Jllll wf > § I i DDT[O — bound
5 ——-- virtual
20} % é E V
l '.
peak —__cusp [ J - .
sz 0 2 s 5 5 1 15 2 2 ' -1 , (; ‘ lI ‘ 2
E [MeV] E [MeV] E (MeV)
virtual state C. Hanhart et al., E. Braten, M. Lu
binding state PRD 76 (2007) 034007 PRD 77 (2008) 014029

By measuring the resonance lineshape it is possible to disentangle different model predictions,
clarifying particle nature _
— Lineshape only accessible at PANDA
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X(3872) @ Panda

[By K.Gotzen, GSI Darmstadt]
Thanks to the precise HESR momentum definition, widths of known states can be precisely

measured with an energy scan.

Assuming for X(3872):

cFpeak(r_)p - X)
o(pp — J/Ym )

non- res @3.872 GeV

o(pp —inelastic)

46 mb

100 nb (U.L. 169nb)
1.2nb

[PRD 77 (2008) 097501]

n 160

=
AE = 84 KeV [dp/p = 0.510°]
X > J/Pntn po-esw 20

Overall eff. ~20% 100

80}
eof
4of
20;

'PANDA

q>‘)1 40 MC study
()] L

Rt M

Prob

Comparison of avg. luminosity (R=1E7/s)
"t; i
1400 = S P
s 1 s
- o~ a .00 -9 9-90 9-0 -9
S1200 > PSS LSt 299
- : / )r‘ o PP IR S
1000 i T e e A
] L K S .
80t—7%*——"+—""F"+——" "1
1 ¥
L e i
400 ——HR
0.0055 -e- HESR (dump)
A 42736 -e- HESRr (recyc)
o hﬂ V . =0. T T T T T T T T T T T T |
Mo MEV] 0,019 =0.007 4 6 8 10 12 14 16
S o [MEV] 0.0839 p [GeV/c]
I [MeV] 0.147 = 0.028
Bg 6.87 = 1.99

4o

0 L
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Injected width I' = 130 keV
20 points each one require 2
days data taking



Multi-quark states

The first has been the Z*(4430) observed in the particle decay collaboration
invariant mass Wnt* by Belle, followed by other Z*(4430) L(2s) m*  Belle, LHCb
states in the bottomomium energy range. 7+(4050) Yot T Belle,
BESIII collaboration discovered an other charged Z*(4250) unconfirmed
charmonium-like axial meson Z*, >J/Wn* (M= Z.5(3900) )¢ w BESIII, Belle,
389916 MeV, I = 46122 MeV), confirmed by Belle CLEOc
and CLEO. The simplest quantum numbers Z:*(4020)  h(1P) m*  BESII

JP = 1%, with positive G-parity. SN
LHCb has observed 2 five-quark states in the J/Wp Z;(4025)  (D*D¥)*  BESIII
. . . preliminary
invariant mass. Quantum numbers are still open.

Pc"(4450)  J/b p LHCb
P.*(4380)
70f g L 110,7252002+2013) PRL 110. 252001 (2013) S 500 arXiv:1507.03414
- @ +- data - X ]-+—Data = ~b

% 60F Ny — i 10 BESIII T rewe | 27 o 4 RHCRS

> = — Background NQ N ... Background fit| & m

8 505_ »++ PHSP MC 2 80r -- EHSksMCd' geoo

§ 40;— g 60:— + [ Sideband LZ] 500

5 O n b s

g 20;_ . .% 40; ][ IHT ﬂ“” 300

W G 5 ity o

O'. T s 1 T 100
3.7 3. 3. 4 4.1 4.2 0 S T e -t o
3.7 3.8 3.9 4.0 0
Mmax(}z-J/W) (Gev/CZ) Mmax(ﬁtJ/W) (GeV/CZ) 4 42 44 46 48 mJ/jp [GeV]
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/* states @( ﬁta nd a

[By M.Pelazeus, Bochum univ]

PANDA can study the Z* states in both production and formation experiments.
In the production experiment, the Z* would be produced, e.g., in the reaction

pp— ZFrT p... =15GeV/c
The subsequent decay chain could then be: Z*(4430) > (2S)n* = J/Yr* " " > e*e" m* - t*

25000 [

The reconstruction efficiency for the Z*(4430) channel
has been studied in Monte Carlo calculations and is ~ 24%.

: FWHM: 50 MeV |
20000 Efficiency: 24%

Entries / 10 MeV/c?

15000~

T
28~ 10000

In formation mode Z* states can be produced by
using a deuterium target:

26

5000

m(y (2S)n)? [GeVZ/c*]

241 T s S
pd — Z Pspectator Pbeam = 9-5 GeV/c 22; ] mvEs [GeviE]
The reconstruction efficiency for this 2 E
channel studied in Monte Carlo 181 E
reactions is ~ 35%. 16 .
11 l 11 1 l 11 | l 11| l 11

1 C 1 1 l 11 1 l 11 1 l 1 i
94 16 18 20 22 24 26 28
m(y(2S)r)? [GeVZc*]



Baryon spectroscopy

The knowledge of the excitation spectrum of strange baryons, in particular those with
double or triple strangeness, is poor. PANDA is an ideal environment to study the excitation
spectrum of = and () baryons.

l-] - - G —
= =0
d s —
1000 %I T'TT IIIIIIIIIII T'TT | T'TTT |II T | IIIIE EI T T | 17T T TT T T | 1T | T | T p D ; -
- 4 F ° ﬁp—)K/\
100 & » .0 0,:.‘% PN “?: E %: . ° oA +ce u —]
- ¢ I s e —IT p > ] =0
— ° o * of + - 2 > -
o 10F . = eft ’ o 3I'F Y —
= F f : S . o5
o 1 = E I
_F ER= H . — e . =0
- - — e == —
0,1 A S0 S = E— = N 1 |
= - AS ) 3 Ez= QO AA
=3 AA 3 BT 1° P+ ko
= 3 F K+'K
001 _I%llllllllll&l L1 | | I¢I | |II 11 | IIII_ C L1 I | I¢I | 1 1 1 | L1 1 ¢I 11 | L1 1 I | : :
1415 16 17 18 19 2 212 4 6 8 10 12 14 — . =0
Momentum [GeV/c] Momentum [GeV/c]

* Which are the relevant degrees of freedom?
* mg = 100MeV~ Agcp = 200 MeV
* Test of QCD at the transition
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Prospects for panda

« New baryon states? 5
« Properties of already known states Prospects for PANDA

 Symmetries in observed spectrum

S=2 hyperons (Z)

Baryons in PANDA S=0 baryons (N)
S=1 hyperons (A)

 Large cross section o for pp > YY
* PP > ==~ b =
« pp-> QA = 0.002 + 0.06 ub S=3 hyperons (Q)
« No extra mesons in final state
needed for strangeness or charm Charmed (A, 2.)

ClSERTELL Hidden charm (N.)
« Symmetry in hyperon and

antihyperon — :
- PANDA detector versatile PANDA is a

Strangeness Factory
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Prospects forpamd =

The parity-violating weak decay of hyperons gives access to spin observables even for
unpolarised beam/target. These observables give insight in the production mechanism of
hyperons (e.g. the role of spin in strangeness and charm production).

Unique to PANDA: the study of these observables and especially the hyperon-antihyperon spin

correlations.

1.64 p — AA
4 pp = AT’
4 pp > EE”
12 p—>Q°Q  ~0.002
12 pp—> A AT ~04

High event rates for A and
Low background for Aand 2
Q channel feaseble

Ac requires high luminosity

Paola Gianotti — INFN LNF

28 s
30 30 s
20 iif5Esi
30 ~4 h
35 ~2 day!
PANDA is a

Strangeness Factory
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Feasibility study of sp — = =%~

[By J.Piitz, FZ Jilich]

Simulation input parameters:
* Ppearm = 4.6 GeV/c

e o=1ub
 Consider 2*7(1820) —» AK decay, T p
with a B.R. = 30% N

e Lumil03cm?st

Results: \

e ~30% inclusive efficiency for 2*~(1820) A —"
« ~ 5% exclusive efficiency for 2*£*7(1820) \ +
* Low level of background

e ~5000inclusive events/day
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Proton Electromagnetic Form
Factors in the Timelike Region

Pp - ete”

pp > utu”

2.5

0.5F

BaBar

LEAR
FENICE+DM2
E835

PANDA sim. |
PANDA sim. I

e + * H »

BEBEED
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Measurement of effective form
factor over wide g2 range (30 GeV?)

Individual measurement of
|G| and |Gy| and their ratio R

First measurement of form factors
with muons.

Measurement of form factors Id‘l
unphysical region pp%e e T

Longer range goal: measurement
of phase of |G| and |Gy| via
polarisation observables.



Transition Distribution Amplitudes

pp—eten°

e p—epn’

Transition Distrib.
Amplitudes

Transition Distrib.
Amplitudes

0

pp — ete nl efe plete,..
* Describe the transition between two particles

* Explore pionic components in the nucleon wave function

* Transverse picture of the pion cloud

* Universality: the same TDA could be measured in different kinematics or

different reactions

* Test of Factorisation TDAs in TL region can only be measured at PANDA

* Matter — Antimatter asymmetry
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DreII—Yan Processes

pp—opuuX/eteX

Parton Distribution
Functions

Parton Distribution
Functions

PDFsare convoluted with
the fragmentation functions Handbag diagram: s>>M,?
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Hard Exclusive Processes and pp
Generalized Distribution Amplitudes

vyp—> vp Wide Angle pPpP— Y Y

Compton Scattering 221,
t r ~ \SJY
e > N
E S
I Large p, s
o P2 "7
7
Generalized Parton Generalized Distrib.
Distributions Amplitudes

Timelike wide-angle Compton scattering can be measured at PANDA

S/B~1 for (25% efficiency)
S/B~2 for (50% efficiency)

Further studies are required for precise predictions
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Start Setup
Cluster Solenoid Muon Dipole
Target\O Magnet Chambers Magnet

~
BE EMC

I \
\ \
\ \
\
\ \
' \

Barrel MVD STT Barrel GEM

\

FE Fwd
DIRC

EMC Plane EMC Trk1-4

Muon
Range
System

FToF FSC

Luminosity
Detgctor

I
I
I
I
I
I
I
I
I



Full Setup
Cluster

Solenoid Muon Dipole Dipole Muon Luminosity
& Pellet Magnet Chambers Magnet ToF  Range Detector
Targe System |
.u ,"' ‘."II I
' I
‘i
~ | ‘,
\] |
Not shownmn. ; / |
Hyper- | |
nuclear |
Setup \
BE EMC ¢
l ., a1\
Barrel MVD STT Barrel GEM Disc FE Fwd FRICH FToF FSC
DIRC EMC Trk DIRC EMC Trk1-6
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Conclusions

* Hadron spectroscopy is experiencing a new renascence;

* New high quality measurements are coming from e*-e™ colliders and LHC
experiments reveling unexpected properties of hadrons;

* All over the world there is lack of antiproton beams that in the past showed
unique capabilities in the field;

* [tis urgentto have an high-quality antiproton
beam to contribute; i | WY

« The PANDA detector coped to the HESR will S & ol i

be the perfect combination of tools to make @ &illit s

a break-through!
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PANDA Physics
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TDR status

System Submission Expected M3 (Approval) Expected
Target Spectrometer EMC 08/08/2008
Solenoid 05/21/2009
Dipole 05/21/2009
Micro Vertex Detector (MVD) 02/26/2013
Straw Tube Tracker (STT) 01/29/2013
Cluster Jet Target 08/28/2013
Muon System 09/22/2014
Forward Shashlyk Calorimeter 17/6/2015 1/2016
Luminosity Detector 3/2016 9/2016
Forward TOF 3/2016 9/2016
Forward Tracking 3/2016 9/2016
Barrel DIRC 6/2016 12/2016
Hypernuclear Setup 6/2016 12/2016
Pellet Target 6/2016 12/2016
Planar GEM Trackers 9/2016 3/2017
Barrel Time of Flight (TOF) 9/2016 3/2017
Controls 6/2017 12/2017
DAQ 6/2017 12/2017
Endcap Disc DIRC 6/2017 12/2017
Computing 9/2017 3/2018
Silicon Lambda Disks tba tba
Forward RICH tba tba
tba: to be announced Status 3/11/2015

For the items “Interaction Region”, “Supports” and “Supplies” no TDRs are planned, only specification documents.
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