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Polarization measurement

Global Polarization Measurement:

» System created in HICs successfully described ‘ SPECTATORS
by relativistic hydrodynamics. ' g

> In peripheral collisions: |L|~10°A

» What is the effect on fluid/transport?

.. — 1= — 1
Vorticity: w = -V X v R o A
2 PO e F. Becattini et al. Phys.Rev. C95 (2017) no.5, 054902
> Vorticity could be very high w ~ 10%1s~1
NG I'/2—130G \%
How to measure the vorticity? 2 BT
sy =200 GeV
“r15 1
. . . . . =
» Large orbital momentum = Polarization of the particle spins -

—Two contributions: 0.5

V.S. et al 0907.1396

1. Spin-orbit coupling (same for g and g) NV

. . . _ t, fm/c
2. Electromagnetic coupling (opposite for for g and q) Magnetic field effect on photon production,

V.Skokov, Western Michigan University,2014
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Polarization measurement

STAR Collaboration (Abelev et al.) Phys.Rev. C76 (2007)

How to measure the P article s P in? 024915, Erratum: Phys.Rev. C95 (2017) no.3, 039906

Yy
» Spin measurement for most of the hadrons very difficult L

— Concentrate on self-analyzing weak decays

» Good candidate:
Asp+m Proton momentum . b
prm in the 4 rest frame Py e &
» Proton is predominantly emitted in spin direction! ' . } T
." et d xr
» Spin measurement — Momentum measurement ey
& -0
— T T \\H‘ T T \\I\‘ T T T 3 Q‘c‘}} "4'.
Io\_ol 1 : STAR, PHC?G_DEAQE(?UO?) : b‘@ . 4"‘Q\‘b§b
Q_I 0 j STA:‘ﬁalureM:ngm 7 i "Qéy -t ) : ’ .-:'(3101\
B sA  eA ] e
8? [} STAR,I:hji.Hev Céﬂ;\im&)ﬂmai --"- et
L - z
®HADES 7]
CAU+AU@Vsyy = 2.42GeV ] .
a- f_ Polarization can be measured:
3 + ] p .8 (sin(Pep — @}))
C ié % ] A7 may Rgp
e LN > Decay parameter a, = 0.642 + 0.013
2’ v o o » Orientation with respect to the event plane Wgp
1 10 10° »  Azimuthal angle of the proton in the A frame ¢,
V'syn [GeV]
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CBM Collab. EPJA 53 3 (2017) 60
TG, NPA-D-18-00411 (2018)

» High acceptance:

o Full azimuthal coverage,
18 — 85° polar angle

» Efficient track reconstruction:

o Low mass tracking with drift
chambers
o 0.14 — 0.3Tm toroidal field

> Precise;
o Mass resolution few %
» Fast:

o Interaction rate up to 50kHz
trigger rate
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20mm > Beam: 1.5 - 10° Au ions per second
< - > — LVL1 trigger rates of up to 8kHz

> Overall: 7 - 10° events recorded
» LVL1 trigger on 40% most central collisions
» Min. bias events scaled down (factor 8)

o 3001 T T T T
\ s gﬂ HADES Au+Au 1.23 AGeV, .
| = T « '_22250_
A B&,\ 200+ .
direction 02.2mm
150 _

» 15 segmented Au target (very low material budget)

100

» Az =3.6mm
50

» 2.0% interaction probability

iR e
TO detector -120 -100 -80

. L s P \“.
-20 O 20
VertexRecoZ

st
-60 —-40

23
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Centrality Estimation

Offline centrality selection based on hit or track multiplicity

Number of inelastic collisions

A forasingle nucleon —™— 10 »
9 » Task: relate observable quantities to

) 8
15 B 6 the centrality of the collision
10 L Impact parameter
_ 4 “~ s
- ¥ b=6fm > Assumption: (Npare) % (Nproducea)
— 2
Y axis 0
0
-9 5 F | | | | B
-10 5103? * Datamin. bias AUSAU1.23 AGeV T
- - * Data central (PT3) E
15 [~ 8 kK —— GlauberMC x NBD(, k) x &(c) -
-30 T—== 102 =_> -
Z axis 10; —;
SES E AN S S i
- s| 2 & 2 -
~ Centrality determination using Glauber e | E
» Distributions agree with transport model 10,13/ ]
calculations (processed by GEANT)
) 10—2 I | | | | J
For more Details see: 0 50 100 150 200 o E‘Eg
Eur. Phys. J. A54 (2018) 85 Nyits
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Event Plane Reconstruction VS
N 7 “*  Event Plane Reconstruction:
Qep = Z;] Ui > Based on hits of charged projectile
i—=

spectators in the Forward Walll

~— CTT1TorT l LI I TTr 1T [ TTrrir [ LI [ LI [ T T 1T ]

é - 5% m10% %1 HADES -

Projectile Spectators S 100 N :::’:: : :g:;: z: Au+Au 1.23 AGeV _|

= I 5% = 10% %4 EP Resolution A

Participants = i 7

8 r -® e g . . i

Target Spectators o] 80 B * e ‘ ]
c [ “a, ]

4 60 7 e e

, ! N . 1

a0l N . .

Event Plane Resolution: wol/ o
» Determination of Full Resolution from Sub-Event W T ]
Resolution (distribution randomly divided into 2 sub- ] A I B T S
samples) 0 10 20 30 40 .50 60 .70

> Based on method by J.-Y. Ollitrault (arXiv:nucl-ex/9711003) Centrality percentile
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Particle Identification

™ E T T T T E .
o p s ] Observables:
= I awue etutnt d/"He ] .
D 10 - Velocity
= *He t -
E B K’ + h Momentum
S 107%F K -
= F Z 3 E . L
z _ | nergie Loss
sk é .
103k i | : .
: 7 | RICH information
r %% ]
-l \ 77/; -
10 E \ /// E|
F %Zg E
: .
& .
10 b
-1000 0 1000 2000 3000 4000
Mass x polarity [MeV/c? x q]
Velocity vs. Rigidity —.80
— W
Q. - =] =
" i 2 8. 70 700 ©
g m 1" "L [
S g (R ¥ 1600 ©
2 b - - &=
w3 90 3™ | =500
x i
= 50
4107 ©
(@] i
ot 40 .
= . 200
10 - -
%0 i s 100
B . i - 23530 40 50 60 70 80 °
-1000 0 1000 2000 = :
mom / Z [MeVic] mom / Z [MeV/c] x-Axis [pads]
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Particle Identification

E 1 T T 8
1 1.4 HADES I
p 1 2i Au+Au@1.23AGeV

I Neye = 0.7 -10° events 1 s

10 500 0 500 1000 1500

m [MeV/c?] B

1 0550 ) 500 1000 1500
p [MeVi/c]

1000 2000
mom / q [MeV/c]

0

Create all possible combinations of = and

p within one event:
P
dt

Decay topology
»  dq: A has to come from the primary vertex

»  dy,ds: p and m~ are most likely not pointing

: Yians - to the global vertex
Decay channel: decay T .
_ vertex >  dy: common crossing point for p and ™ track
A->p+m s .
»  d,: Adistance before it decays (ct ~ 8cm)

Aa: Opening angle, added to account for

v

beam axis

efficiency loss of closed pairs
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Decay Topology
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—— A cand data
P |— Sim. A
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» Simulations: Thermal As embedded into
UrQMD (1A per event)

» Total distribution (Background)

beam axis

Enough statistics very crutial for the
polarization analysis

Employ neural network in order to gain
more statistics!
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Neural Network

Toolkit for Multivariate Data Analysis (TMVA) included in ROOT

Training:
PTopoIotgy Convergence of the weights for
arameters e maximal descrimination between
Iscriminant YANN : I
Signal: signal and background!
Thermal As e ded
into UrQMD Example:
1-1 —
i “\_WILJ-1 Output
y"‘x.NN 2_1 \} _/—_ﬂh r
Background: ] ; w\/ Z\ﬂ—» Neuron
Mixed-Event — -1l p“*/— Response
n~ from one event and In nj .
p from another event Function
‘ /p=. QoK
Neuron Activation Function:
1 . .
a.xr— Tro—Fx (SlngId)

Synapse Function:

n
(=111 -1 -11-1
i (yi Hwit) — wit + E Wi Vi
l:

23
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Toolkit for Multivariate Data Analysis (TMVA) included in ROOT
Training:
Topology Input Layer Hidden Layer Output Layer Convergence of the weights for
Parameters )ﬁ Siscriminant maximal descrimination between
1 iscriminant y :
Signal: N ANN signal and background!
Thermal As e ded LAY L
into UrQMD AN Network returns Discriminant y yn:
‘ 0 — Background
/) : 1 — Signal (in ideal case)
Background: \ I AN
Mixed-Event — ; Number of training
n~ from one event and / Adjusting the weights: Back-Propagation events
p from another event / /
/ . 1 N ~ \2
—> > Error function: ECey, ., ) = Ih-1 2 (yanna (%) — )

Aim: Minimize the error function!

> Weights are updated: w**! = w* —nV E

Weights of the / /;arning rat;\
Weights of the

next training cycle Max. gradient
current training cycle in w-space
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Topology

Toolkit for Multivariate Data Analysis (TMVA) included in ROOT

Parameters

Signal:
Thermal As e
into UrQMD

—

Background:

Mixed-Event —
m~ from one event and
p from another event

—

ded

Input Layer Hidden Layer Output Layer

e
R

X3

Xq

IR
/crf“

dN/ dx

T

Discriminant y yn

YaNN

Training:

Convergence of the weights for
maximal descrimination between
signal and background!

Network returns Discriminant y yn:
0 — Background
1 — Signal (in ideal case)

TMVA response for classifier: MLP

T \Hrml T IIHHI‘ TTTT

ow
-
= o
Q
=
o -
c
3
o

0.2 04 0.6 0.8 1
MLP response
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»Hard cut® analysis: MVA + Improved off-vertex tracking

”g et 45000 NI | '2'0{')' I105 A lul I1I11I47I0I -
o 16000:— = L = 2. pe = . E
E - 40000 g5 1.94 0, =2.58 .
M 35000 Pur=66.0% =
£ 12000=a %) = HADES Internal E
5 — c 300005 Au+Au1.23 AGeV 7
8 3 25000F All days =
- O 20000F Centrality 0-40%
mi 15000 f
< S 10000 =
%: 1nnnn;— N=710604268 50 = B R R R Dt
= S25MeVE 9900 1105 1110 1115 1120 1125 1130
> g;r:'n':r'.g.i?ce:maﬁ 2
§OF e _ M, [MeV/cT]
¢ EEEREReeReeeeERe—Saem=mm. Description of the distribution: — 8 free parameters
M, (p, ™) [MeVic] rioo
fglobal(va) - 27_” ) es-log(s)+Mim,st + G{MIIIAI (Minv) + G;'JZ'AZ (Minv)
N2 = 0.7 - 10° > NIeW = 2.0-10°
= Factor ~ 3 more As!
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A Polarization: two approaches
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(1) Event plane method

(2) Invariant mass fit method

> Get dN/dM;,, in a certain Ag;-bin » Plot the distribution of (sin(4¢;)), , as a
_ _ function of M;,,,,
» Get net amount of As in that bin
General o > Get S/B-ratio in each bin: f(M;,,)
procedure » Plot distribution of N (A¢;)
S > Make assumption for (sin(4¢;))
» Fit this distribution to get (sin(Agb;)) BG
> Fit the distribution to get (sin(Aq');))SG
» Calculate P, » Calculate P,
Correction | » Final resultis corrected by 1/Rgp while > 1/Rpp” in 10% centrality bins is weighted
for Rgp RES~40% is used event-by-event when filling (sin(Aqb;))wt
Advantage/ » D: second decomposition in A¢g,-bins » A direct extraction of (sin(A(,b{;))SG
Drawback | - A: no background assumption » D: background assumption needed
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(1) Event plane method

Fit the distribution of the polarization angle A¢;, = Wgp — ¢,

» Get distribution of M;,,,, in a certain ) ] )
* 1 E .
A¢pp-bin 13000 =
> Get net amount of As in that bin < 2900 E
2-12000? HADES 7;
» Plot distribution of NA(AQb;) Q<1 1500 /lxg_zé;]cé@;tzr?;ﬁgev E
( > % 11000; Preliminary E
» Fit this distribution to get (sin(A¢,) - g
p - E
10 - P, [%] = 0.338 £ 0.824 ]
- xz/[nd1 - 6.14/5 .
0 50 100 150 A200 250 300] 350
A¢ [
dN 3 * * : * * p —
m = No[1 + 2b,sin(Ag;) + 2¢; cos(Agy) + 2b, sin(2A¢;) + 2c,cos(2A¢;)] aoBin: o
\ First order event ...,‘..,..p‘ I /\
plane resolution 2500/~ 1=111470 N Ny= ]
8 b 1 - HA;;; 278 xémd: 1:7:;3.70% 1
PA — N [%2] 2000— Au+Au @ 1.23AGeV ]
T A Rl € 15000 10-40% Ce;trality 1
o r reliminar 8
1000f ]
= P,= 0.338 + 0.824 (stat.) so e
1100 1105 1110 1115 1120 1125 1130
Minv
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(1) Event plane method

Invariant mass distribution for 10-40% centrality

30000 L I B B L \ \ ] > FIX,u,Jl,O'Z,Al/AZfOI’theApeak
C w=1114.70 £0.02 ]
— c=23.86+0.12 - i .
250001 ¢ =586 0.12 1 » Reduce number of fit parameters:
020000[ Haoes l,=(1.09 + 0.09) x 10" - i i i
= e300y | osssi0s ] Global fit Differential fit
315000 Freiminary ly=1.27 +0.05 8 par. 4 par.

10000
5000
S S H S H RS R R i
1095 1100 1105 1110 1115 1120 1125 1130 1135
M., [MeV/c?]
&
S T T T LT mahy
© 0.07FAutAu @ 1.23AGev © AfBnno.2 ]
= - 10-40% Centrality iy APBNnod ]
= O.OG?reI\m\I_nlary ik? T AvBinnes
= 005 [T =
= 004F o H LRI
o Ef S5=N B APBnno13
> 003 =, 2 Apgnneit
002 =l & ’ E
g 001 e .
< Q080 1090 1100 1110 1120 1130 1140 1150
M., [MeV/c?]

» Background shape changes with polarization angle
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(2) Invariant mass fit method

Fit the distribution of (sin(A¢;))

30000 T T T T ]
> PI h | ri | n f in(A * B HADES Internal |
ot t e distribution of (sin(4¢;)), . as 2500, e
a funCtlon Of Minv 220000; Centrality 10-40% |
» Get S/B-ratio in each bin: f(M;,,,) §1sooo§ =
> Make assumption for (sin(4¢;) 0000} E
( P )BG 5000} :L.._.~;
> Fit the distribution to get (sin(Agb;;))SG 1100 1105 1110 '1[&15\'”11]20 7125 1130
ﬂp ¢ C f(Minv)
» Calculate P, 0.04;—' FAD'E‘S'm‘te'm'al' R | —
TR o o 0.03F iy 1040% E
(Sm(Ad)p))wt = f(Minv)<Sm(A¢p)>SG +(1- f(Minv))<Sm(A¢p)>BG 5 0.02F =
| 2.0.01F oot L_J_
= ——(sin(A¢;, 001 I T
A7 na, (APl V0.02F | - \ E
02F P, [%]=0.240 + 0.189 i
(sin(a¢p))y; =0 ~0.03F )E/?(jf] =35;2ng90 539 E
P, =0.240 + 0.189(stat. )« 0,04 o saeur

1100 1105 1110 1115 1120 1125 1130

PA = (0.753 i 0. 539(Stat) — <Sm(A¢p))BG =a+p- My, [MGV/C]

II"'IV
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%@ Comparison to STAR @ /sy = 200GeV: 7ﬁST;ﬁR
Phys. Rev. C 98 (2018) 14910
004:_'H'|"'w""_'_|_'_""""|'H_j . r
"“7F  HADES Internal 'ﬁ&0001- A i R —zero BG
0.03F Au+Au1.23 AGeV * = E,*"_ | BG of a+pM
F Centrality 10-40% 3 inw
2 0.01F + t + E )
=
g o TEITET
£0.01F +
wn r
V-0.02F P, [%] = 0.240 + 0.189 { i
_0.03f Xind =39.38129 E i
P, [%]=0.753 + 0.539 1 ~0.001 L
~0.04) x?/rlndf] 380427 = 0.007 STAR10%-80% .{E.ﬂ. o .{b)
1100 1105 1110 1115 1120 1125 1130 11 1.11 112 1.1 111 1.12
M., [MeV/cz] M., [GeVic?] M. . [GeVic?]
% 1ol o A‘K K _ (1) Event plane method
I R P/l = 0.338 £ 0.824 (Stat') (2) Invariant mass fit method:

"1 P4=0.240 + 0.189(stat.)  Pi°=
Results:

This anc’;llysis 67 7 P/l = (0.753 + 0. 539(stat.) ;ZB)GIT/Ezlriin; ijisvfit method:
(Preliminary) o

— ] » Both methods are consistent
. l » Results in well agreement with zero
102
sy [GeV]
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Summary: ) i s
T 10 A A
o STAR, Nature548 62 (2017)
LN LN
> Neural network to improve A identification and 5 Il s e o
improved off-vertex tracking:
. . . . Results: 6
— ~3 more As in comparison to previous analysis

This analysis
(Preliminary) 4

» Polarization measurement:
— 2 different methods applied: both in consistence \
— no polarization found at % level 0
o but o - © it e s
Outlook: —2 1 Lol | o

1 10 102

S [GeV]

SEE
[ 4=]
55

/

» How does the finite detector acceptance influences the polarization measurement?

— Use Pluto (Monte-Carlo simulation framework for HIC collisions and hadronic physics) to generate As:

1. Unpolarized: Guide them trough the HADES detector (GEANT) and apply analysis procedure
(hopefully get P, = 0) Q}

2. Different degree of polarization: Do the same procedure — What do we measure as P,? Qé\o

» Use minimum bias trigger and extend analysis to more peripheral events 00

» Estimate systematic errors
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TMVA response for classifier: MLP

g,
h:\\
Do
25
E3
@ 2
=
Q —
=
3
o

dN/ dx

2 HADES

Q
-

=]
©

Q.
T

o

» Choose discriminant such that

the significance it at max.: 350
SIG = —S 300

VS + B @ 250

» Strong Pre-Cuts: @ 200
N,(D >0.79) =2 10° 150

» Loose Pre-Cuts: 100

Ny(D > 0.96) = 2.25 - 105

» Analysis T.Scheib:
Ny =0.7-10°

Au+Au 1.23 AGeV
Strong Pre-Cuts

1
MLP response

Topology Cut Strong Pre- Loose Pre- No Pre-
Parameter Style Cuts Cuts Cuts

HADES Au+Au 1.23 AGeV
All days, Hard Pre-Cuts
SIG,,,, = 364.86

o b

SIG

D

e e b b b b b
02 03 04 05 06 0.7 08 09

vV A V V V

350F

300F

250
200
150
100

50

10mm Clear ©
S5mm 3mm
15mm 10mm
50mm 30mm
7mm 8mm
15° 15°
1.1-10° 1.9 -10° 3.6 -10°
F L L L L L L B LR L B
F HADES Au+Au 1.23 AGeV N
= All days, Loose Pre-Cuts
- SIG,,, =368.36
H.‘\.H‘\‘H‘\.H.I‘H‘\.H.\H.‘\H‘.é
02 03 04 05 06 07 08 09 1

D
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TMVA response for classifier: HLP Topology Cut Strong Pre- | Loose Pre- No Pre-
5 igna arameter tyle uts uts uts
3 g signal T T T T T T T P Sty C C C
z Background HADES
Au+Au 1.23 AGeV 10mm Clear ©
10° - Strong Pre-Cuts dz > Smm 3mm
10° %— ds > 15mm 10mm
I i d, > 50mm 30mm
E d; < 7mm 8mm
10
= Aa > 15° 15°
|
0 02 04 08 08 1 N (sim) 1.1-10° 1.9-10° 3.6-10°

MLP response

» Choose discriminant such that

the significance it at max.: 3501 1 3505 HADES AusAu 1.23 AGeV -
S E E 300 All days, Loose Pre-Cuts
SIG = —— 300} ; © SIG,,,, - 368.38
FEE gy | o2
w s TR p] = =
» Strong Pre-Cuts: 200" HADES Au+Au 1.23 AGeV 150E E
— 9. 5 - All days, Hard Pre-Cuts ol ]
N,(D >0.79) =2-10 150f SIG, . - 364.86 1 T : »
_ 10 ot feasible, because for multi-
» Loose Pre-Cuts: c 02 03 04 05 06 07 08 09 differential analysis there is to
N,(D > 0.96) = 2.25- 10 D much background, such that
: - . the A peak in the invariant mass
> Analysu;/T.Sc(:)h;albl.05 Strong Pre-Cut sample is used! spectrum cannot be fitted
A— Y.l
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