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OcHoBHbIe NYHKMbI bu3u4YecKoU rpoapaMmMbl

Cnekmpockonusi YapMoHusi (' (°
pekopdHasi MoYHOCMb MpU U3MEePEHUSIX Macc, WUPUH U KaHanoe pacrada

- p Momentum [GeV/c]
lMouck 3ak3omu4Yyeckux cocmosiHuuU 0w Bl w8 e s
1 | 1 | 1 | 1 |
m\cmwm\\m (99) —
Hybrids ( gqq-bar) % ]
—= & [ v
B panda
U3y4yeHue ceolicme adpoHoO8 8 mU DB, DD,
si0epHoOU Mamepuu | 999,99
| _ccaq |
OmkpbimbiUu Yapm ! ] [ e
pA
elm. FF
Cmpykmypa HyK/1OHa =

Proton time-like form factors

UccnedosaHue poxOeHusi u nossipusayuu
2UnepoHOe8 a mak e uccrsiedosaHue . . s“=m [GeV/c]
Koppesisyuu nossipusayul 2unepoHos

lunepsiopa co cmpaHHOCMbLIO
Double Hypernuclei production via = capture
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High Energy Storage Ring
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Hdemexkmop PANDA

Micro Vertex Detector
GEM Detectors .
Shashlyk Cal t
) Central Tracker Mini Drift Chambers ashlyk Zalorimeter
' Targetsystem Muon Range System
Solenoid \f’
— . u‘_..‘uu...‘;.... - w.l. ‘ Y2
Barrel TOF > s = /. ¢ :
—

TOF Wall

Disc DIRC &

Muon Detection

EM Calorimeter

Barrel DIRC

> UeHmparsnbHbIlU U nepedHuUl crekmpomemp

> @ebICOKasi ckopocmb cyema: 2x107 ¢! 6e3 mpuzzepa

» umnyrnbcHoe pa3speweHue ~1% u paspeweHue Mo epemMeHuU
nposiema ny4we 100 nc

> PEeKOHCmPYKyusi 6epwuH 0nsa |, NAM , A (35 mukpoH dns D*

» peaucmpauus Ve, L, 7T, Nﬂu p 4
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lIpoepecc demekmopa

Annosb n coneHousg: TDR npuHAT
MuweHb: TDR npuHAT

EMC: TDR rnipuHAT

MVD: TDR rnpuHAT

STT: TDR nnaHnpyetcs BecHa 2012
MUON: TDR nnaHupyetcs BecHa 2012
FTOF: TDR nnaHupyetcs B KoHye 2012
GEM: TDR nnaHupyetcs B koHye 2012
LUMI: TDR nnaHupyetcs B koHuye 2012
DIRC: TDR nnaHupyetcs nocse 2012
DAQ: TDR nnaHnpyercsa B 2014
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Jerektop PANDA

YrnoBow akcenTtaHc
nepenHero cnekTpomeTpa:
+ 50 no BepTukanu
+ 10° no ropmnsoHTanu

TOF stop hadron calorimeter

[lepennsis crenka BI1/]

bokoBbie crenku BI1J]

- NnepeaHAsa CTeHKa
140x5x1.5 cm3, 20 nnacTuH,
140x10x1.5 cm?3, 46 nnacTuH

- OOKOBbI€ CTEHKU, BHYTPU OUMOJSIbHOro MarHuTa
100x10x1.5 cm3, 14 NnnacTUH B KaXXOOW CTEeHKe
M3roToBJIeHbl U3 NJIACTUKOBOrO CUMHTUNNSATOPA

PMT number: 132

10°¢ PANDA . Number of generated
BC408. L Events 25000
Tpebyemoe BpemeHHoe pa3peweHue BMNA 1050 black — all events
He xyxe 100 nc - L~ red — contribution
104 %g/pfﬂzf from tubes
iz_%s\?e,.zz_i blue — contribution
®3Y R4998 (dnsi 5 cm nnacmuH) (SiPM ?) o2l wws tubes
®3Y R2083 (dnsi 10 cm nnacmuH) (SiPM ?) green - an.z ribution
(SiPM dnst 6okoebix cmeHok BI1/. . f , .
European grant FP7) w0 280 from 7° — yy
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Ndenmudgbukayusi aOpoHo8 e rnepeoHeM
Cnekmpomempe ¢ nomouw,bro Bl

Beam momentum 15 GeV/c

M (GeV)
o]

0.75

0.25

Oior=20PS

3 4 .m
P (GeV/c)

M (GeV)

0.75

0.25

Beam momentum 15 GeV/c

2 3 4 5
P (GeV/c)

> 3¢pghekmueHoe pa3zdesieHUe MUOHO8 U KAOHO8 803MOXXHO G0 UMIyJIbCca
yacmuy, 3 N3e/c, a paszdenieHue kaOHO8 U NPomoHoe 3o umnynbca 4 GeV/c
» CoemecmHoe ucnosib3o8aHue 6apenbHoz20 “BTOF” epemMsinposiemHo20
demekmopa u nepedHezo TOF demekmopa no3zeosium yay4yuwums 3¢ghghekmueHoCcmb
udeHmubukayuu yacmuy,
» RICH (HERMES) xopowo udeHmuguuyupyem nuoHbl ebiwe 1.5 GeV/c, kaoHbl ebiwe 2 GeV/c
u npomoHsI ebiwe 4 GeV/c, coemecmHoe ucnosib3oeaHue TOF/RICH no3eonum
udeHmuguuyuposampb aGPOHbI 8 WUPOKOM Ouana3oHe UMNyJIbCo8
» Ecnu RICH udenmuduyupyem adpoHbl mo MOXXHO onpedenums t, 6e3 cmapmoeo20 cyemyuka
» Ucnonb3oeaHue cmapmoeo2o cyemyuka 6bis10 661 Jyqywum peweHueMm (e eapuaHme SiPM)

7
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[lepsvie pezyrbmamovl mamemamuuecko2o MoOelUupoBaHUS
ons peakyuu  pp —>AX ( pp—>IX, pp—>AX....)
c ucnoiavzosanuem PANDAroot

Hapamempuzauus ona cenepamopa coovimuii Nucl.Phys.B150:119,1979
p=3.6 GeV/e.

"eHepupoeaHHbIe pacripedesieHus!
onsi aHmu-n1siMm60a 2unepoHos

N ceeHepuposaHbix 75607
2
X F U T OOMQE QN. mC Q mU y AHmMu-J1sam60a aurnepoHos
5 5 N anmu-rnpomoHoe om 16400
107¢ x 10
40000 - pacnada aHmu-/Iamb0a
3000 ¢ emrnepoHos
30000t 104k 3apeaucmpuposaHHbix FTOF
50000 L 2000 ¢ N aHmMu-npomoHo8 U NUOHO8 256
03l om pacnada aHmu-JTamb6da
10000 & 1000 r 2mrnepoHos
3apeaucmpuposaHHbix FTOF
T =05 0 05 1 0 0.2 0.4 06 oN,m 1 %506 07 08 09, 1
xF pr, GeV cos(0) 8
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MoHnme-Kaprno moOenupoeaHue ¢ Ucrnosib308aHUEM
GEANT4 onss onmumu3sayuu pa3mepos rnjiacmukKoebIX
cCUUHMUNISIMOpPOoS

25x25x1400 mm BC408 nnacmukoenblii
CUUHMUIISIMOP UCIOJIb308asicsl Ois
ModesnupoeaHusi, c 0OOHOU CMOPOHbI
pa3meuwieH demeKkmop ¢homoHoe
pa3mepom 25x25 MM, Apyaasi CmopoHa
6e3 demekmopa

PaccTtosiHue
OT AeTeKTopa

50 mm

700 mm

1350 mm

Yucno
¢oToHOB

4015

3311

1537

KoHu4yeckuli ceemoeod
ucnosib3oeasics Oisi
ModesnupoeaHus
c demeKmMopomMm (homoHoe
MeHbuWwe20 pa3mepa 5x5 Mm

ModenupoeaHue nposoousioch
OJ1s1 Ny4YKa 3J1IeKMPOHO8 C
3Hepaueu 5 36
npoxoosiyemM yepe3 ueHmp
naacmuKogo20 cyuHmusiissmopa
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3awuma TDR e koHue 2012 200a.

IIpoooncenue pabomsl NO MOOENUPOBAHUIO NPOYECCO8 PACNPOCMPAHEHUSL U
no2N0WeHUsl ceema 6 mamepuane CYUHMULIAMOoOpa U C6emo80008 C Yelbio
ONMUMUZAYUU UX PASMEPO8 U POpMbL.

Hccneoosanus epemennoco paspeuteHus, Ighghexmusnocmu, 6b100p ONMUMATLHBIX
paszmepos naacmuxa u np. Ha mecmoswvix nyuxkax 8 IIUAD, Onuxe (DESY ?)

Bwvibop pomoymnoorcumeneu. SiPM unu obvrunvie @Y
Pazpabomka npeonooicenuss no ucnoib308anuio Cmapmoso2o ciemuuxa

IIpooondcenue pabomvl no mamemamuyeckomy mooeauposarue cnocoonocmu BI1J]
(coemecmuo ¢ RICH u opy2umu demexkmopamu) obecneuums HAOEHCHYIO
uoeHmuurayuro adpoHos (MUOH08, KAOHO8, NPOMOHOB, AHMU-NPOMOHO8) 8 WUUPOKOM
unmepeane UMNY1bCo8, MOOeIUPOBAHUE PA3TUUHBIX DUUYECKUX KAHAIO8

¢ ucnoavzosanuem PANDAroot framework ¢ mom uucne u ¢ yuemom usuueckoeo gpona
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Back up slides
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PANDA detector
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Simulation with DPM generator:
p — AX, pp > AX

§ a0 T 52000 | in
> A 2 A
= 300 - >1500 -
200 - 1000 -
100 500 -
0 0 — A=-bar A
0 5 10 15 0 5 10 15
P(GeV) P (GeV) 4 | 4187 | 4185
(/7] (/)]
£ 400 |- acc. £100 - acc.
2 = g i FS 3285 512
3 A 2 80 A
~' 300 Z!
60 -
200 - 10 |
100 - 20
0 0 7
0 5 10 15 0 5 10 15
P (GeV) P (GeV)
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Timelines

&> SO ® & &

Nony4yeHue paspeleHNn Ha CTPOUTENBLCTBO NH(PPACTPYKTYpPbI

NMoaroTtoBka mecTta AnsA cTpouTesribCTBa

3aKkno4vyeHue KOHTPAKTOB Ha CTPOUTEJNIbCTBO

O®

U3rotoBneHue yckopuTens u AeTEKTOPOB
OKOH4YaHMe CTpoUTENbCTBA MHPPACTPYKTYPbI

UHcTannauua v BBoA B JKCnnyatTaunrw ycKopuTtesnsa n aetTekropoB

®o6®

Ha4yano Habopa AaHHbIX

14
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OcHoBHbIe NYHKMbI bu3u4YecKoU rpoapaMmMbl

Charmonium (cc-bar) Spectroscopy
Unprecedented precise measurements of

masses, widths and BR Mh@ N \N ANOOO . Nmoov N %&

Exotic states _ _ _ _ )
Glueballs (gg) pp — —Q%V_,NS%”E“N& _Q — DD n
Hybrids ( gqq-bar)

Study of Hadrons in Nuclear Matter

Open Charm

Nucleon Structure M p—> ete”
Proton time-like form factors

[1]]
[1]

Hyperon production and polarization and pp = AN, pp >
polarization correllation

Nuclear Physics: Strangeness Sector pp —
Double Hypernuclei production via = capture

[1] |
[1]

l0. HapbiwkunH. Hay4yHas ceccua O®BJ, 28 [ekabpsa 2011r.



First simulation with benchmark channel in PANDAroot
pp —> AX with the solenoid and dipole fields and FTOF
geomeltry

The event generator parameterization is taken from the paper:
INCLUSIVE PRODUCTION OF KO0(S), LAMBDA AND anti-LAMBDA IN anti-p p
ANNIHILATIONS AT 3.6-GeV/c. Published in Nucl. Phys.B150:119,1979.

Initial (generated) distributions for Lambda:

2 Statistics of generated and
XF Pr OOmﬁrmwmy Q&O.» accepted particles

10°L

40000 r

N Lambda hyperons 172952
generated

40000
104t

N protons from A-decay 5331
“accepted” by FTOF

20000 r 20000

10° 1

0 , , S e N pions from A-decay 2
—1 —-0.5 0 0.5 Xm 0 0.2 04 06 bom.mOm/M 5 0.6 0.7 0.8 OOOMA®% Rmoombﬂmﬁ\uc.v\ ﬁﬂlOﬁ
N protons + pions from 5
N-decay “accepted” by
FTOF 16

PANDA collaboration meeting, September 2011, Yu.Naryshkin



2.6.1.1 Open Charm Spectroscopy

The B-Factory experiments have discovered sev-
eral resonances in the D (ed, ¢f and c.c.) and D,
(c5 and c.c.) sector where two are extremely nar-
row, (D*;(2317) [95] and D, ;(2458) [96, 97, 98]).
The measurements have triggered intense discus-
sions since they appear at unexpected locations giv-
ing rise to speculations about their nature. The
large mass shift (compared to theoretical predic-
tions [99]) is discussed in terms of chiral aspects in
heavy-light systems [100, 101]. The models would
have strong implications on any system with a sin-
gle light quark. It is important to verify this finding
and to settle this question albeit that there is some
evidence for the scalar I) state [102, 103]. Thresh-
old pair production can be emploved for precision
measurements of the mass and the width of narrow
excited I) and ), states.

PANDA collaboration meeting, September 2011, Yu.Naryshkin
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Hawa ¢puzuueckas npoepamma

v’ usyyeHue UHKITFO3UBHbIX peakyuu:
pp—>YX)X, (Y=A2EA))
MOJTYUHKITIO3UBHbIX peaKuuu:
ppo>YM) X, (Y=A2,5,A)
3KCKITHO3UBHbIX peaKkyuu:

pp—>YY, Y =A3,5E,A)
v I3yyeHue crioHmaHHOU rosispu3ayuu 2uriepoHos

18
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wiaak s
The High Energy Storage Ring ﬁ#,ﬁrﬂ

designed by a consortium between FZ Jiilich, TSL Uppsala, GSI

Injecti EWL\\\. P
= O——] — o — I ——_ g
f"**w..@.# Electron Cooler gi‘
J“\ a 1] I = [ m
“ﬁ. _u“_u.q“ for Snake L *‘
i#:_mx bending power 50 Tm Electron cooling 1.5-9 GeV/c tlz
[ﬂ.r
m momentum range 1.5-15 GeVi/c Stochastic cooling 5-15 GeV/c &
@ injection at 3.8 GeV/c Stochastic Cooling C
M acceleration/decel. 1.5 - 15 GeV/c Internal target up to 4x10' H/icm? &
% ramp rate 0.025 T/s ¢
4 §
&i Two operation modes: &
% High resolution: L< 2x10%' cm?s, N<10", 8p/p~10-5 a%
.Q_ﬁw, High luminosity: L< 2x10% cmr2s', N<10", dp/p~10-4 *&0
'Im.ﬁ..!l%._ —— 4 o . e e _._H._ul_nlm_-._-fii
— _ Hh Fxperimental Area
0 30m

straight sections of 132 m length
ring circumference 574 m. == I
M. Steck. FAIR-GSI Antinroton Source Meeting. Ferrara. 15-16 December 2006




PANDA detector

TOF siop

forward spectrometer

MUD

20
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HESR Accelerator and PANDA detector

SIS 300
SIS 100

FAIR

.. A Super-
y/4 FRS

¥ NuSTAR

. I NESR
.J.'\'\.\ 21
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i

Extreme rates Sp——— ; T

L
= '...l..-.lul.

; i ) P , o
e The misconception: “all is done in online reconstruction

e Selection has to take place in real-time
e Computing power for selection has to be manageable

e Estimate of selection rates and computing power
e Simplified picture processing core as smallest computing unit
e Assume 1 s per event for a full reco and selection analysis
e Peak rate of 50 MHz leads to 50 M cores!
e Realistic: 50 k cores -> need 1000x reduction fast
e estimate of time: 1Tms == 50 k cores as well, better 100 us

e First selection has to be very fast: software trigger

, 5=
L. Schmitt, GSI




B
to do fast selection

PANDA has no hardware m:mﬁma to mnm%ﬁoﬁ.ﬂmmac

PANDA will have mnﬂﬂmm@

Software triggers rely on simple signature which allow

large rejection factors

Fast selection and event association require precise timing

which must be easily available (no complicated reconstruction)
The design of software triggers is in a virgin state
Time based simulations are an essential tool

Physics signatures have to be defined with fast selection in mind

Conclusions | L. Schmitt, GSI




cold head
for gas cooling

Laval-nozzle

skimmer
collimator

cryopump

| i
s E-._ Kl -

Figure 4.23: A cross section drawing of the cluster-
jet source currently in operation at the University of
Miinster. The cluster-jet beam, produced in the Laval-
nozzle (center of the figure), travels through two conical
apertures for shape and size preparation and passes a
specifically designed cryopump. The external vacuum
pumps are not shown.
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- 1
Storage Rings — Antiproton Operation ||, H;ﬂ.,,r

(Concept of 2003) mr 0
=15 100 acceleration of 2.8 x 102 protons E = 29 GeV
and bunching to a 25 ns pulse 8p/p =+ 0.7 %, &, = 4x 10 m
+0.7 %, g, =

\

pbar target: production of 1.0 x 10° pbars/ 5 s = e

« dp/p =+ 3.0 %, e, =240x10¢m
CR: bunch rotation and fast stochastic cooling E =3GeV, N=1x10¥cycle
with total cooling time 5 s Sp/p=+1x10% ¢, =5.0%x10¢m

4

RESR: accumulation of pbars by stochastic E=0.8-3GeV,N=10°-10"

cooling, deceleration of pbars / dp/p=5x10%e =1x10%m
SIS 100: acceleration to final energy NESR: decelerationto 30 MeV
« E=08 -14.5GeV A
FLAIR

HESR: internal experiments with cooled pbars
E=30-03MeV

E=08-145 GeV Tl o




Injection Parameters

Transverze emittance
Eelative momentum spread
Eunch length

Injection Momentum
Injection

0.28 mm -mrad {normalized, rms) for 3.5 10™ particles,
sealing with number of accumulated particles: £, ~ WA
3.5 107* (normalized, rms) for 3.5 10?7 particles,

zealing with number of accumulated particles: o fo ~ wEE
150 m

3.8 GeV/e

Kicler injection usging multi-harmonic BB cavities

Experimental Requirements

Ion spacies

T production rate

Momentum / Kinetic energy range
Mumber of particlas

Target thickness

Transverse emittance

EBetatron amplitude B-Cooler

Eetatron amplitude at IF

Antiprotons

20107 /5 (1.2 101 per 10 min)

1.5 to 15 GeV/e / 0.83 to 141 GeV
107 to 10™

410" atomsfem® (Hy pellets)

< 1 mm - mrad

25-200m

1-153m

Operation Modes

High resolution (HE)

High luminosity (HL}

Luminosity of 2-10°7 em™ 8" for 10 5

rms momentum spread o, fp < 2 107%,

1.5 to B GeV/e, electron cooling up to & GeVie
Luminesity of 2. 10°? em~ %! for 1011 p

rms momentum spread o, fp ~ 10—,

1.5 to 15 GeVie, stochastic cooling above 3.8 GeVie

Table 2.1: Injection parameters, experimental requirements and operation modes.
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Physics@PANDA

Benchmark Channels

Charmonium Spectroscopy
p-bar p->J/WY110110
p-bar p->J/W1r+11-
p-bar p->J/W¥n
p-bar p->x ;v
p-bar p->J/Wy
p-bar p->n.y
Charmonium Above Threshold
p-bar p->DD
p-bar p->D*D*
Charmed Strange Meson
p-bar p->DsD*s0(2317)
Exotics
p-bar p->¥an
p-bar p->Y(3940)->J/Yw
p-bar p->Y(4320)
p-bar p>W(2S)1+11-
p-bar p->PP

Hyperon Production
p-bar p->A/A-bar
p-bar p->==-bar

Baryon Spectroscopy
p-bar p->==*

Formfactors
p-bar p->e+e-
p-bar p->yy

J/W In Nuclear Matter
p-bar A->J/WPX

Drell Yan Process
p-bar p->1+I-X
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