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Polarization measurement

Global Polarization Measurement:

» System created in high-energy HICs successfully ‘ SPECTATORS
described by relativistic hydrodynamics. ' e

> 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\_OI 1 : STAR, PHC?G_DEAQE(?UO?) : 66 . 4"‘Q\®Q®
Q_I 0 j STA:‘ﬁalureﬂ:‘ﬁgzm 7 i "Qéy -t ) : ’ .-:'(3101‘
r A A ] *
8? [} STAR,I:I‘\;;.HQV 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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High Acceptance DiElectron Spectrometer

Fixed-target experiment
Fast detector: 8kHz trigger rate for Au+Au
High acceptance: full azimuthal coverage, 18 — 85° polar angle

Forward
Wall
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High Acceptance DiElectron Spectrometer

Fixed-target experiment

Fast detector: 8kHz trigger rate for Au+Au
High acceptance: full azimuthal coverage, 18 — 85° polar angle

Forward
Wall

direction

Au+Au run at v/sy, = 2.4GeV

> Overall: 2.4 - 10°
events analyzed
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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 the

s 8
15 B 6 centrality of the collision
10 L Impact parameter
_ 4 P
5 T —l’ﬁ:_ffm < Assumptlon. <Nparticipant> ~ (Nproduced)
— 2
Y axis 0 .
0
-5 5 F | | | I E
-10 0 5103? * Datamin. bias AUTAU1.23 AGEV
- =] - + Data central (PT3) E
-15 < £ L —— GlauberMC x NBD(y, k) x £(v) i
3055 10° _—>_ E
Z axis 30 10) 4
P olafsl g | & 8 i
SEHEAI S-S :
~ Centrality determination using Glauber e | E
» Distributions agree with transport model 10,1_5/' ]
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 Nois *
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Event Plane Reconstruction

180cm 730, ‘ QEP

Event Plane Reconstruction:

» Based on hits of charged projectile
spectators in the Forward Walll

_In,.r
Qep =) i
i=0

'_D| CTTTT | T T 1T T T 1T T T 1T | T T 1T | T T | T 1T |,

SN, - o HADES )l

Projectile Spectators % 1001— —— gi Au+Au 1.23 AGeV _|
Participants E r N4 B

P O — ;

Target Spectators /// /’/ % 80 L 4
\ D‘: L -

/, r " -

/ | “F / \\ _

/// / . Aﬁ’onJ)laLnE// 40 __ / ‘.\.\ __

R [ / \.‘--,__. ]

. C/ ]

Event Plane Resolution: 20/ -
» Determination of Full Resolution from Sub-Event i i
Resolution (distribution randomly divided into 2 sub- I N I E U N P

0 10 20 30 40 50 60 70

I
samples) Centrality [%]

» Based on method by J.-Y. Ollitrault (arXiv:nucl-ex/9711003)
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Analysis procedure

8 (sin(¥ep— ¢3))
Ta, Rgp
¢,: Azimuthal angle of the proton in the A rest frame
= Particle identification

P (centrality) =

Observables:

p 1 Velocity
p= m P\2 Momentum
\/ (m) +1 Energy Loss
o 00— N— | RICH information
xé.zﬁzso_ HADES Au+A_9 1.23 AGeV L !102_

" i “ o Lt 2
-80 -60 -40 -20 0 1000 2000
VertexRecoZ p/q[MeV/c]

120 —100
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Particle Identification

Loose Mass Cut

10°F

10

HADES 1
Au+Au 1.23 AGeV
0-40% Centrality
Preliminary ]

-2000 -1000 0O 1000 2000

0 560 1000 1 5:00
mass/Z [MeV/c?]

p /g [MeV/c]

Create all possible combinations of = and

p within one event:

Decay channel:
A->p+m™

Tt

beam axis

v

v
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: e \
1.4 HADES 10
L Au+Au 1.23 AGeV 1

- 0-40% Centrality
1.2 Preliminary N

P 1

Lo 1y PR AT T ST N R SR
—'FOOO -500 0 500 1000 1500 2000
p/q [MeV/c]

Decay topology
dy: A has to come from the primary vertex

d,,ds: p and ©~ are most likely not pointing
to the global vertex

d;: common crossing point for p and ™ track
d,: A distance before it decays (ct ~ 8cm)
Aa: Opening angle, added to account for

efficiency loss of closed pairs
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Decay Topology
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x10°
T T 1 300:_ T T T 1
ZiZ mixed-event : 250; o “i mixed-event
E FEA
-~ simulated A E " QOOVI‘\]\ —simulated A
- F s
Ssob
E ] 150:—ﬂ E
3 o
1000 B
- A
E 50f
p S B wﬁ.‘--lm—f‘-'-
GU 10 20 30 40 50 60 70 80 90 100 G() 2 4 6 8 10 12 14 16 18 20
d, [mm] d, [mm]
F 10\3 T T P 10? T T T
350F E 3001 E
300; === mixed-event ] F === mixed-event ]
@ 250;— — simulated A @ — simulated A
E 200 3 1=
3 = .
8 150 E 8
100 ] ]
50} N R
— 75 RSN
A A S WA PR s m e e A s S P v o 2 RN RN IR
GD 2 4 6 8 1012 14 16 18 20 00 5 10 15 20 25 30 35 40 45 50
d, [mm] dy [mm]
10° x10°
240F T T T T MRS BARE RARE REAR T
220F E 1601 E
200F~, <<~ mixed-event 1401 <<~ mixed-event |
180f ™. 9
o 160F ~— simulated A 120F S simulated A
S 140p A s E
8 120F
& 100F
80f E
60> T E E
40) 2 E
20p ] 1
{eigie i (B G e (S P o s SO R L
00 2 4 6 8 10 12 14 16 18 20 00 20 40 60 80 100 120 140 160 180
d, [mm] Ao [

Simulations: Thermal As embedded into real
data (14 per event)

Mixed-event method on real data to describe
the background

beam axis

» Enough statistics very crucial for the polarization

analysis (Hard-cut analysis removes a lot of the
signal)

Employ neural network in order to gain more
statistics!
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Toolkit for Multivariate Data Analysis (TMVA) included in ROOT (https://root.cern.ch/tmva)
Input
Signal: Background:
Thermal As embedded Mixed-Event —

n~ from one event and

into real data
p from another event

Input Parameters

1. Hidden Topological parameters: d,,, d4, d,, ds, d;
Layer In addition: m, ,m, , p, «——significant increase of
the efficiency
Training
2. Hidden Convergence of the weights for maximal descrimination
Layer between signal and background!

Required output

Signal: D;;..;=1 <*— Background: D;;.,,=0

Output Layer

Actual Output: 0 < D, <1
MVA Response

23
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Neural Network Analysis UNIVERSITAT
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Toolkit for Multivariate Data Analysis (TMVA) included in ROOT (https://root.cern.ch/tmva)
Parameter MVA Response
__.;:5?“'\:*:;...___
4-"‘"';"/ ¥ H"‘;‘ Rl s [ signal T T T T e 7
Input Layer X X g o g Background Here: XS =X B

Q
-

=]
©

Q
o

1. Hidden 3 E
Layer o .
0 0.2 04 06 0.8 MLF: response
) » Clear discrimination of signal and background:
2. Hidden . _g . J
Simulated As peak at D=1 while mixed-event
Layer

background peaks at D=0 as expected

» In real data (same event) the signal fraction is much

lower:
Output Layer
YSKYB
v » Vary D to find the ideal cut value (i.e. with maximum
MVA Response significance) D, = 0.9
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Invariant mass distr
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Ibution

»Hard cut“ analysis:

This analysis

& E 0-40% centrality
S eoof Topology Cut | Hard | Pre-
(0] F =
S oot - 111472 £ 0.01 N, = 300577 548 Parameter | Style | Cut | Cut
. 1ao00F- 60000~ o, =2.89 + 0.03 x3/ndf = 100.41/32
P 12000?* 50000i S/B = 2.01 dq [mm] <
j EESSItL, C
§ 10000 -% 40000; d, [mm] > 8 5
8000— £
'. Q . d; [mm > 24 15
ol © 30000 3 [mm]
ool 200007 d, [mm] > 65 50
g 1IJIJIJ|J:_ | | - . - 10000; dt [mm] < 6 10
= = 114 1085 7100 1105 '1‘1‘1(‘)' T115 7120 1125 1130 1135 Aa [] > 15 15
% EDDDE_ g;’:’niilgﬁlj;e=1ﬂﬂ4’e ln\.f [MeV/C ]
o g T Ll - T | B B B Cz._c \
VP ) MEVICL > MVA strongly supresses the background
N2 =0.7-10° - NeW =3.0-10° | _
> » Even with lower topological cuts, the
SIG = 188.49 SIG = 448.02 significance is much higher

Polarization analysis for 10-40% centrality: » Increase of the identified As by ~300%

NlO 40% _ 1,9- 105

compared to hard-cut analysis
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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
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counts

Counts

= T
F i A, bin1 A¢,bin2
000~ H A, bin3 A’ bind
= i —ad’bin5 —AQ,bing
800F E — A0 bin7 —A¢,bing
600k A¢%,bin9 —A ¢l bin 10 3
= ; A%, bin11 . A ¢’ bin12 ]
400 H A", bin 13— A ¢, bin 14
200: ! Aqns, bin15—-—A¢;, bin 16
- — A 9P, bin 17 — A ¢, bin 18
000k | ‘+A¢E,bin19—-—A¢E,bin20;
800F- | =
E i N ]
600 A i, =
- ] ]
400 i‘.‘:uinlii ‘i‘ir. —
2 = atttl '.“'dﬁ".’;f N =
00 . . A B R RSP it LI L L1 T [P
1080 109 1100 1110 1120 1130 1140 1150
M [MeV/c?]
nv

Also very good description
by the mixed-event method

140}

120}

100

80

160/ =

60}

T T

mixed-event

_L‘»_L_ same-event |

C A5 {55 ¢ £ ¥4 ¥ ik ik e
1.09 1.095 1.1 1.105 1.11 1.115 1.12 1.125 1.13 1.135 1.14

M, [GeV/c?]

Description of the distribution: Landau + 2 Gaussian

fglobal (Minv) =5

2mi J._;

c+ioo

[1ee)

e5108()+Minys o Gf’al’Al (M) + G;'JZ'AZ (Miny)

» Fix: u,o04,0,,A,/A, for the A peak and L, L, for BG
Differential fit

Global fit
%gan

g Bin:9

ey e
M_ Mewie’]

M_ [Mevie’]

242 Bin B

MR
M [Mevie®]

297 Bin: 10

vt
M [Mevie®]

g7 Bin: 14

o
M_ [Mevie’]

HE et

e

ey e
M_ Mewie’]

M_ [Mevie’]

242 Bin B

M [Mevic’]

M_ [Mevie’]

a9 Bin: 18

T
M_ [Mevie’]
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(1) Event plane method UNIVERSITAT
Fit the distribution of the polarization angle A¢;, = Wgp — ¢,
» Get distribution of My,,, in a certain ool T T T T
A >k'b|n B :uAPEus@l.zsAGev:
Pp 9400} + + e -] Sin-Terms
> Get net amount of As in that bin i \ ] Blue:
9200[=" ¢ [ == Cos-Terms
» Plot distribution of Np(A¢y) - w
» Fit this distribution to get (sin(Ag;; 88001 P, [%] = 3.762 + 0.699 ]
J <Sm( d)p)) - x%ndf = 25.86/13 + 1
> Calculate P 50 T00 750 200 250 500 550
A¢Q [°]
d—NA = No[1+ 2b; sin(A¢;) + 2¢; cos(Ag;) + 2b, sin(2A;) + 2¢, cos(2A¢;) + -+
dAdp \ _ Parameter Value/1073 Error/1073
First order event
I luti
P 8 b1 plane reso ution
AT Tay Rq
= P, [%] =3.762 + 0.699 (stat.) » c1. comparable magnitude to b,
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(2) Invariant mass fit metho UNIVERSITAT
Fit the distribution of (sin(A¢;)) 10.40% cenatty
> Plot the distribution of (sin(4¢;)), . asa 40000C 1= 1114.73£0.01 N, - 189626 + 435
_ tot 35000; 0,=279+0.03 ¥2/ndf = 91.20/32
function of M;,,,, : S/B =249
» 30000%
» Get S and B in each bin: f(M;,,) = S/(S+ B) € 25000
Q 20000~
» Make assumption for (sin(Aqb;;))BG © 15000
10000
> Fit the distribution to get(sm(Aqb;;))SG so0 =T e
1095 1100 1105 1110 1115 1120 1125 1130 1135
» Calculate P, M., [MeV/c?]
o.04f T T TR ET TR
sin ; = iny){SIn ; - inv)){Sin i; 0.03[ Au+Au 1.23 AGeV E
(sin(Adp)), , = f Mimy)(sin(Agy)). . + (1 = f (Miny))(sin(Agp)) . . 7 ZAiEi 3 Ace 1
F entrality 10-40% + E
g ( ) (Sin(A5)) yg = &+ Moy A
Py = ——(sin(A¢p,) 2 9
Tap P/lsG % oot Pc(M,) = 3.3 % E
\Y —0‘02;— a=(7i.322¢1.102)-1g" —
= P,[%] = 3.548 + 0.754(stat.) 003 i o sda s 075t
-0.04 pndf =280127 L.,
» Background shows non-zero correlations with 1100 1105 1110 1115 1120 1125 1130
magnitude similar to the A signal! M., [MeV/c?]
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A Polarization: Results e
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ﬁ@«\ Comparison to STAR @ /s, = 200GeV: 7@?7‘"
JAGES Phys. Rev. C 98 (2018) 14910
004 I-llADEs i E '2&0001_- A - A —2z6ro BG
0.03F Au+Au 1.23 AGeV = ! BG of a+p Miw
c Centrality 10-40% 3 >
5 002 } = i } J(
A o T I
—~, 0.01F < J[ J[ ﬂ
5 oL L iy
,% —0.01 Pao(M ) =33 % E J{
V —0.02F o= (1322£1.102) « 10" E ‘
_0.03f B=0 260 + 0.991) « 10™ B -
L P, [%] = 3.548 + 0.754 —0.001 o) b )
-0.04F x¥ndf =2511727 T STAR 10% 80% (a)
1100 1105 1110 1115 1120 1125 1130 T T R T 1'_1' — '1_'11' — '12' :
M. [MeV/c?]

[GeWc ] [GeWc ]

II"I\-I II'I‘.'

Event Plane Method for background under the A peak:

2222: » Both methods are consistent:
<o sss0] PEPM[o4] = 3.762 + 0.699 (stat.)
< =
3 8500 P}\MM [%] = 3.548 + 0.754(stat.)
< 3450 — .
S ol » But background correlations of the same order:
SO0 Pyl =680 4 1133 PEPM[%] = 3.689 + 1.133(stat.)
3300 X7/ndr=1o. -
0 TB0 00150 500 250 300 360 » Effect not seen in the uncorrelated background
AT [] (mixed-event, ¢ rotation) = correlated effect!
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Summary and Outlook UNIVERSITAT
DARMSTADT
. ) [ ‘ T 0
Su m m ary . % 10} STAF:::CTEﬂZA:ﬁK(?DD?) E
> Neural network to improve A identification : o o 1 TR
— factor ~4 more As in comparison to previous analysis - AoA -
6— il
» Polarization measurement: Results: F 1
— 2 different methods applied: both in consistence (Tg"sl_a”_a'ySi? i + K
. . ) reliminary) ,r 7
» Dominant source of systematics: - %f l ]
— Non-zero background correlations in the P, signal o e B
extraction, which has similar magnitude o =
—4i . | H‘ 1 | \l 1 "E
Outlook: 1 10 102
» Estimate systematic errors: check where the background polarization comes from and Sy [GeV]
apply corrections
» 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: \‘\Q

1. Unpolarized: Guide them trough the HADES detector (GEANT) and apply analysis OQQO

procedure (result P, = 0, but without flow)

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

11.06.2019 | Strange Quark Matter 2019 | Frédéric Kornas
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Back Up
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Neural network analysis DARMSTADT
Input
Signal: Background:
Thermal As embedded Mixed-Event —
into real data 7~ from one event and

2. Hidden
Layer

Output Layer

A
MVA Response

p from another event

Input Parameters

Topological parameters: d,, dq, d,, d5, d;
In addition: m, ,m, ,p, +— significant increase of
the efficiency
Synapse
Connections between the neurons, adjusted with a

weight wj;

Hidden Layers
1. Synapse Function:
n
e (el ) w4 ) wltad
2. Neuron Activation Function:
1 . .
X — (Sigmoid)

Output Layers

Combines the information into one discriminant D
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Neural network analysis DARMSTADT
Input
Signal: Background:
Thermal As embedded Mixed-Event —
into real data n~ from one event and

p from another event

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

1. Hidden R red outbut
Layer equired outpu
Signal: D;;.,,=1 «— Background: D;;.,,=0
Actual Output: 0 < D, <1
2. Hidden Adjusting the weights: Back-Propagation
Layer

. 1
Error function: E(x,, .., xy) = ZfliJ{BGE(D,-deal — Dyogqr)?

Aim: Minimize the error function!

Weights are updated: w**! = w”* — 3V, E

T

Output Layer

v i . '
Weights of the Weights of the” L€amingrate, . gradient
MVA Response nexttraining cycle  cyrrent training cycle in w-space
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Back Up

Event Plane Method - Fit Parameter DARMSTADT
- SRR Range: .
Signal distribution 5 Background distribution
= L B B L L L L Hizo_ L B A L L A
9600[— ] 36501 =
94oof . 36001 E
e F - Y |
E 9200:—:‘ )_/jz § 3500;_‘4 |k|./_T_ _ /#E
< - ] < 3450 T TP
Z 9000~ < & ]
© i i O 3400F {\T\Jﬂt =
88001 P, [%] = 3.762 + 0.699 ] 3350L| P, [%] = 3.689 + 1.133 -
- x2ndf = 25.86/13 § as00F. x2ndf =13.78/13 E
B 5605 750 200 50 500 550 05000 is0 200 20 300 350
Ao [° Ar [°
o 17 o 17
Parameter Value/10~3 Error/10~3 Parameter Value/10~3 Error/1073
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Phi Rotation DARMSTADT
) After Boost — v
> Phi Rotation with probability distribution | S
according to ¢, (right panel) wnob H MWN[M’ ﬂ 1_1}
3800:— h h il ' ],-‘ Jh| l
» Parameters consistent with 0! - i ] M J W | w
3600 ..'J‘HII J,L ‘|H \ ” H"W H'IIIL
» Background polarization must be a 3400 ‘ Pﬁ} (r Lﬂ : i H'H
correlated effect 3200 o b

9700_I T T T T T T T T T | T T T T | T T T T | T T T \L

- . [%] = 0.390 £ 0.689 ]

9600 .
= 9500 | .
<] CL7 -
B, 9400l ==] === = ASs ==
e - .
T 9300[ -
9200 —
9100 . v v v e

0 50 100 150 200 250 300 350

AQ [

3000

2800

I%T#Q—TH“‘

o
|

TN Y S I '
50 100

Parameter

I .200\ L

Value/10~3

T B
250

Error/1073
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