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FAIR

PANDA@FAIR
unpolarised Drell-Yan: Muons

Electrons?
SSA: polarised Hydrogen Target in PANDA?

PAX-Experiment
doubly polarised Drell-Yan?
(polarised Antiproton beam?)

Electron-Nucleon Collider (ENC)
polarised electron-nucleon collider?

at PANDA@HESR@FAIR? -
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PANDA@FAIR
unpolarised Drell-Yan: Muons

unpolarised Drell Yan: Electrons
SSA: polarised Hydrogen Target in PANDA
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ﬁ".i;;‘;:;?;r;“ QCD and Strong Interaction: PANDA
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» Confinement, Glueballs, Hybrids: Hybrid charmonium e.g. decay
in 7 photons

« Spectroscopy, Charmonium decays using e.g. J/y— e+e-/u+p-
« Charmed mesons: Weak decays in K% and K*

« Strange Matter, Hypernuclear cascades

* Nucleon Structure: Generalised parton distributions (time like):
High energy photons, Electromagnetic form factors: Dilepton
pairs, Drell-Yan (unpolarised)

* New Detector development
* New Simulation software development
 New Analysis tool development
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Physics Performance Report for:

 Confinement, C PANDA
in 7 photons (Aatrten Agritens o Qo)

Strong Interaction Studies with Antiprotons

PANDA «

* Spectroscopy, (
e Charmed meso

« Strange Matter, =

* Nucleon Structt e,
High energy ph g, S
pairs, Drell-Yan

e New Detector d
 New Simulatior
* New Analysis fc
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spin structure using Drell-Yan process: Muons
(Thanks to M.Maggiora and M.P. Bussa)



Unpolarised Drell-Yan Asymmetries —

40K ev'!! with E; =15GeV on fixed target, 1.5 <M <2.5 GeV/c
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Unpolarised Drell-Yan Asymmetries —

40K ev'!! with E; =15GeV on fixed target, 1.5 <M <2.5 GeV/c
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spin structure using Drell-Yan process:
Eletrons
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g2 < 0 (GeV/c)? q? >0 (GeVic)? -

P

p time : c

Timelike: complex
:2

time

Spacelike

g2 = 0 /GeV/c)?
]

Sapcelike and timelike region intimately connected

PANDA unprecedented luminosity

Antiproton annihilation opens a new window to

Precision electromagnetic (EM) probe hadron structure observables
Fuower: W o W |
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% wewworz  Hadronic Background
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« Reactions with at least 3 particles, (e+e-X, T+1-X,...)

* Particle identification and kinematics constraints
— Nno problem

* Reactions with 2 charged particles (11+17 -)

« o(m+1 -)/o(ete -) = 10° (2ub/8pb at g?=9.(GeV/c)?)
. need rejection of pp — 1+ - by 108
. binary event, mean reject. of 10-4 per 11+ and per T1-

* very close kinematics




# wenoz  Timelike Electromagnetic Form Factor:
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o nseven: P@NAA Precision
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Suppression of 10° times higher hadronic background
Improved precision by a factor 10 with PANDA

Published in PANDA physics book and in Phys. Reuv.
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GPDs: Factoyization: Hard limit for forward exclusive processes

-~
y

panda

GPDs

- x' "a::’.cnrisatio"/ W2
N N % 61 N
proton ~ ™ proton proton \"/ ~ proton

Non-pert. object Non-pert. object

TDAs: Factorization: Hard limit for backward exclusive processes

profon (“)'A “
N Pert. proton « i .
,\J\)"J \/"”‘\' ..... 7 /7 \\ :|
TDAs " .. \ P é}*; P é | '

W=

proton 7 ~ 20

: 4
Non-pert. object : proton

Pbar P -> e* e- 10 can be studied by PANDA =1
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F veumnours Background: Pbar P -> nt* it~ n©
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Background w*x'n® W2=5 GeV? Phsp. A; <500 MeV |
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ﬁHELMHOLTZ Signal: Pbar P -> et e- no (access to TDAS)
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10°
10* o
= All true events s=5 GeV2
. — g 300 expected events
10 — Expected reco Signal Cross Sectipn Measurement
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Lonagitudinal Coi

p-Beam & I

-

1 Foil-Target
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Vacuum Container

Transverse Coil

p-Beam

« 2T PANDA Solenoid

e asecond thin
superconducting solenoid
In reversed direction

e additional transverse coll
polarizes the target foil

« study the field
iInhomogeneity

« study torque acting on
them

-
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assocunon — transversely polarised Target in PANDA
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e.g. Pellet Target

* Meissner Effect:
superconducting foil for the

v shielding of the 2T field

 Transverse coil polarizes
the target

~ S

P-Beam P-Beam

« One cryogenic system for
superconductor and target

 No torque on coil and low
Inhomogeniety in the
magnetic field

« Study field penetration
(Simulation with Opera and
Mathematica)

| 3 -

Vacuum Container guuunouz " E 5 ]I

Target Dump ASSOCIATION
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- PANDA can be used as a di-electron Spectrometer
large (10 - 107 ) hadronc background
can be suppressed

- Shown in simulations for
pbarp ->e* e
pbar p -> e* e 10
using particle identification and kinematical constraints

- next step: apply to Drell-Yan process

- polarised target: FEM simulations of magneic field and
effect on detector performance (tracking): long way to go

,

Cristina Morales Morales, Iris Zimmermann 6 HELMHOLTZ o =1
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PAX-Experiment
doubly polarised Drell-Yan
(polarised Antiproton beam)
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Accesso to transversity through Drell-Yan

4 do'"-do™ quj |_hlq (‘xl)hlq (x,) + h1¢7 (xl)hw (xz)J
i =d

do'+do™ T Y ella(a)atn)+(x)7(x)]

P.Lenisa Polarized Antiprotons 23



A double polarized pbar-p collider for FAIR

Asymmetric (double-polarized)

proton (15 GeV/c) - antiproton (3.5 GeV/c) collider
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ATT =

h,, from p1-p1 Drell-Yan at PAX

do' -do™ quj thq (xl)hu; (x,)+ hlq (xl)hlq (xz)J

do'+do’ S lat)a(e) + ()7 ()]

P.Lenisa

Polarized Antiprotons
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h,, from p1-p1 Drell-Yan at PAX

do' -do™ quj thq (xl)hu; (x,)+ hlq (xl)hhj (xz)J

TdoTwdo TS Ela(x)a(n) + g ()a ()]

ATT

- u-dominance
° |h1u|>|h1d|

h, (x )y, (x,)
u(x u(x,)

A = ap

P.Lenisa Polarized Antiprotons
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h,, from p1-p1 Drell-Yan at PAX

_ do' —-do™ _i zqeﬂ_hlq(xl)hlq(xz)+h121(x1)h1(7(x2)J
Cdo'edo TN eg(a)g(n) +q(x)7(x,)]

ATT

g M, 26evie?
- u-dominance CR e =t | P30%
o A8 P=10%— i
+ Thy > 1hygl '°
A hlu ('xl)hlu (XZ) § M, > 4 GeV/c® |
App = dypy =
u(x Ju(x,) 2 e
x;

1 year run -> 10 % precision on the h," (x) in the valence region

P.Lenisa Polarized Antiprotons 25



Polarized antiprotons

Intense beam of polarized pbar never produced:
- Synchr. radiation ~ u(y*/R) -> T, ~107 y in 20 TeV pbar ring
- Conventional methods (ABS) not applicable

* Polarized pbar from antilambda decay
- I<15:10° st (P » 0.35)

- Pbar scattering off liquid H, target
- I« 211035t (P % 0.2)

P.Lenisa Polarized Antiprotons 26



Production of polarization in a stored beam

Two Methods: Loss versus spin flip

For an ensemble of spin 3 particles with projections + (1) and - ({)

s

selective loss selective flip
discard (one) substate reverse (one) substate
(more than the other) (more than the other)

P.Lenisa Polarized Antiprotons 27



Production of polarization in a stored beam

Two Methods: Loss versus spin flip

For an ensemble of spin 3 particles with projections + (1) and - ({)

selective loss selective flip

discard (one) substate reverse (one) substate
(more than the other) (more than the other)

P.Lenisa Polarized Antiprotons 27



Polarization Buildup

N, -N
P(t)=—1— =tanh(t/t
(t) T (t/T,)

Unpolarized
anti-p beam

Polarized target
P.Lenisa Polarized Antiprotons
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Polarization Buildup

N, -N
P(t)=—1— =tanh(t/t
(t) T (t/T,)

A4 2 3

Polarized
anti-p beam

Polarized target
P.Lenisa Polarized Antiprotons

28



Polarization Buildup

N,-N
P(t)=—1—* = tanh(¢ /1,)
Ny +A,
0.8 _%
0.6 OZ
Optimum (black curve) o4 :
after 2 lifetimes filtering s

UTbet:am

P.Lenisa

Polarized Antiprotons
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Measurements at AD (CERN)

*Aim: 15" measurement of the spin-dependence of the pbar-p cross section
*Method: measurement of polarization build-up by spin-filtering
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Measurements at AD (CERN)

*Aim: 15" measurement of the spin-dependence of the pbar-p cross section

*Method: measurement of polarization build-up by spin-filtering
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Expected polarizations after filtering for two lifetimes

« Measurement of the polarization buildup allows determination of 0, and o,

* Once pbar polarization available, spin-correlation coefficients accessible
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Installation of low- 8 section at COSY

Beam has to fit through storage cell target (d,=5x10' atoms/cm?)

*Increase acceptance angle at target position

Now: 4 weeks run for spin filtering at COSY

P.Lenisa Polarized Antiprotons 31
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Electron-Nucleon Collider (ENC)
polarised electron-nucleon collider
at PANDA@HESR@FAIR
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High luminosity lepton-nucleon collider

- High Ecm yields a large range of x, Q?
X range: valence, sea quarks, glue
Q? range: evolution equations of QCD
- High polarization of lepton, nucleon achievable
dilution in fixed target experiments
- Collider geometry allows complete reconstruction of final state




ENC Accelerator issues
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ENC Accelerator issues
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ENC Accelerator issues

ph /4 Accelerator collaboration:
Universities Bonn/Dortmund/Mainz
and Forschungszentrum Julich

Goal:
L>4-6-10321/cm3s
s12 > 14 GeV

(3.3 GeV e~ <= 15 GeV p)
polarised e ( 80% )

<>

polarised p/d ( 80% )
(transversal + longitudinal)

é HELMHOLTZ
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ENC Accelerator issues

ph / Accelerator collaboration:
Universities Bonn/Dortmund/Mainz
and Forschungszentrum Julich

¥ ; /%/) vesr R Goal:
pRing | L>4-6:-1032 1/cm2s

Y - “";ﬁi'ﬁ‘g,, s12> 14 GeV
X (3.3 GeV e~ <= 15 GeV p)

polarised e ( 80% )

<>

polarised p/d ( 80% )
(transversal + longitudinal)

First double polarised
Electron Nucleon Collider

\/ﬁ\ Luminosity: 8 x HERA (unpol.)
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Mainz JLabt

1018 ] W B JLabi2

1017 SLAC

1016 eRHIC II
1015 (] Bonn MEIC

Luminosity x 102°/cm?/s

1014 z
‘ 7
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Bates(Int) 7
1012
coupass ‘-
101 L £665 D-
e HERMES ﬁc CMZenergy is shown
10 P forZ%e-p collisions
109 llll ] | L.l lll L | lllll | L L L Ll L
1 10 102 102 In e-A collisions
CM energy [GeV] the CM energy of a

pair e-nucleon is
~1.58-fold lower



Unpolarised Parton Distributions

MSTW 2008 NNLO PDFs (68% C.L.)
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Unpolarised Parton Distributions

MSTW 2008 NNLO PDFs (68% C.L.)
81.2_ -

x |
w1
0.8 i
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. : Physics channels
GM&‘F PO I arl Sa-tl on 000000000008000C000000000000

D° reconstruction

Summary

COMPASS S:B | collider S:B | Gain in FOM*
D" 1:10 4:1 11
D* 1:1 1:0 2.6

In COMPASS DY and D* have approximately the same FOM:

= total gain ~ 11£28 — 7

L2 =
diluting factor ratio
COMPASS ENC
double spin asymmetries (P1fPg)? 0.026 041 | 16
reconstruction of hadronic
final state ~ 10
mass resolution ®
displaced vertices ®
more D° deacy ch. ®
determination of x, ®
due to reconstruction of D and D

Jorg Pretz

Feasibility Studies for the ENCOFAIR Project



ENC @ FAIR Physics channels Summary
0000000000000000000000000000

Deep Virtual Compton Scattering

DVCS : ep—> epy Panda detector @ ENCollider

P 2 i A
...... ' e i g
Ep= 15 GeV 4 e E.=3GeV
Backward = ' 3 Forward
6= 180° e' 6 =0°

Studies done by D. Kang, W. Gradl & M. Fritsch

Jorg Pretz Feasibility Studies for the ENCOFAIR Project



ENC @ FAIR

Physics channels

0000000000000 0000080000000000

Reconstruction efficiency

using PANDA setup

particle | efficiency | resolution dp/p | resolution 46 /6
e 83% < 2% < 2%
v 93% < 2% < 5%
p 64% < 1% < 10%

combined efficiency 43%

Jorg Pretz Feasibility Studies for the ENCOFAIR Project

Summary
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Electron-Nucleon Collider

ENC/PANDA Target Spectrometer in z-y plane
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Electron-Nucleon Collider

ENC/PANDA Target Spectrometer in z-y plane
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Electron-Nucleon Collider

ENC/PANDA Target Spectrometer in z-y plane
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Y | © anms o
fl! B I F8icketth e o Schwerionentorschung Gk s GUTENBERG;,
': : N Electron-Nucleon Collider

Very preliminary 1st version of modified ENC-MVD
- design with AutoCAD program

- converting from CAD to Root Geo.

- Pixel and Strip sandwitch layers

- 60cm length & 2.4 beam diameter

- readout cables and supporting frame
will be combined with Inner Dipoles

Sl
=r
*

L g Universitit Mainz GUTENRRRS A I



a “eLs, ENC@FAIR:Interaction region
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IP Layout
Top view Dipoles around IP)
06 . : , ‘
| beam ——

04 | ebecc:ogabe::n; e -~ Proton tripletts
o5 | quadru:gg:es /'“’7/’ /

0} . = ./-‘/" |
o4 PANDA \
08 |
08 \ Panda forward dipole (1T)

/ : i : : R as separator

-15 -10 5 0 5 10 15 (Electrons shielded):
s [m] Protons as in Antiproton operation
Sufficient separation at s = 1.44m for 200 bunches
_ B,,*=0.3m - Input for the simulation
new spectrometer dipole o [ Chr. Montag, BNL. of polarization

Protons shielded )
- Dipoles around

PANDA

7

HELMHOLTZ
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| ASSOCIATION ENC@FAIR:Interaction region
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N WA OOy

o

0 Y23 45808578
y [em]

nure 3: The cross section of the IR dipole. The blue

cles denota the positions of the coil windings. The feld 1 fipze & Ibe - J cross wctoa of ®e X o
ality by (in units) is depicted in the magnet apernure. ; | quadpoie 3 wel e Seld bomopeses
0 5 10 15
/ s [m] Protons as in Antiproton operation
Sufficient separation at s = 1.44m for 200 bunches
) : S : - Input for the simulation
new spectrometer dipole | P, Schnizer & ENC working group of polarization
Protons shielded - refined Magnet design = in IPAC 2011 B ——
» offers for HTSC-tubes , procurement in 2011 PANDA
* first HTSC tests end 2011/2012

@‘m‘mnou:
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3
« Depolarizing effects (stochastic emission of 2 different concepts with solenoids
synchrotron radiation, dispersion, depolarizing
resonances) concept & concept 2:
« ,spin-stabilization” by a siberian snake, 30 _pulilg _gamuig

Tm-solenoidal field provides for long. _ap
Polarization IP — tb >> tp (version 1) e

« Continous refill of highly polarized electrons
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PANDA@FAIR
unpolarised Drell-Yan: Muons

Electrons seem feasible
SSA: polarised Hydrogen Target in PANDA,

Study of field magnetic configuration and tracking

PAX-Experiment
doubly polarised Drell-Yan
polarised Antiproton beam: demonstration of
understanding of ring and apparatus underway at
COSY, next step: antiproton ring (AD) at CERN

Electron-Nucleon Collider (ENC)
polarised electron-nucleon collider

at PANDA@HESR@FAIR: feasibility study under way

Fras, 1 =M




WP29 IA HP3

. 0.4 QE D:
XPe rtl S e - Separation dij
ENC/PANDA 0.2F op oD ,
1 ' ! [ - . I Target S - - EDS:
‘ q ‘l wl % - :-.:: i | Spectrometer in z- | /E\ 0.0 e — Electron
. ’ 4 ’ o . ling§ SRk ’/y m_- ‘ ~ = s : spectrometer
e i ' . bayel, 8 L X =02 ] =~ dip.
" ‘ ‘~'.'=J‘ %3. . pport 72 K5 PDS op
} ' ' . ~ , . -0.4 PDS :
s U UK R - = —  Clectron PANDA
’ ’ ’ path spectrometer
! ) 1 Proton dip.
=‘;n :‘;l .‘.‘:l 7 path 10
[ A\

Q2> 1.0 (GeV/c?)
DVCS event :
generated by
GenDVCS1.0

t mom eCool:

2 MV -8.2 MV, 1-3A Il

cooling straight:
B=0.2T with B /B <

105, 1=24m
“magnetised cooling”

Two Tasks:

|) Physics Simulations of Benchmark Channels
2) Electron Ring Design Study
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04.10.2010 Schloss Biebrich, Wiesbaden
Signing Ceremony of FAIR international Convention

Finland, France, Germany, India, Poland, Romania, Russia, Slovenia and Sweden
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HIMSTER
134 Nodes
AMD Magny Cours

8 cores pro socket
ASUS Mainboard
2000 Cores
4.7 TByte RAM
136 TByte Disk Space
Infiniband QDR
19 TFLOPs
Experiment Simulation:
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W Power  Current: 63178  Average: 95431 Maximum: 65571

Delivery in Mainz: May
Power-On: May 6
First Simultions: May 12 (EMP, 4 108 events)
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Scientific Goals

Electromagnetic Processes:
- spin flavour structure f, g (longitudinal), h(transverse) of
Quarks and Gluons
- Effects of finite transverse size, correlation of b and x,
orbital angular momentum, GPDs
- Effects of transverse momentum k, of quarks, gauge links

- Factorisation breaking, Fragmentation
- Isospin dependences, light quark differences, SU3 breaking
- Spin sum rule contributions from small x

Electroweak processes:

- Prescott experiment, running of VWeinberg angle

-W, Z exchange: tag flavours, quarks and antiquarks, more polarized
structure functions

- Symmetry breaking P, CP, rare processes (e.g. lepton flavour),
substructure



Spin-filtering at COSY

Main purpose:
1. Commissioning of the experimental setup for CERN/AD

2. Quantitative understanding of the machine parameters

P.Lenisa Polarized Antiprotons 57



