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Flow analysis and azimuthal angular
distributions

K* in (Au@1AGeV)+Au by (KaoS)

Azimuthal angular distribution

of K* for peripheral, semi-central
and central events in collisions of
(Au@1AGeV)+Au by KaoS
collaboration. PRL.81(1998)1576-1579

In the frames of Fourier
decomposition of obtained
azimuthal distributions:

N

P (14+2a,cos(¢p)+2a,cos(2¢p))

which allows determination of
directed (a ) and elliptic (a,) flows

one may draw conclusions about the
in-plane and out-of plane emission
of K*, in medium potential...
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Reconstruction of reaction plane
(transverse momentum method)

,/ Nsp N
’ - . t
Q= Z WD
— =1
where:

Projectile
spectators f

Q - reaction plane vector;
Nsp - number of spectators detected;
w, - weight factor:

- o B2l | w >0 flying forward,
% . w.<0 flying backward;
/ pf - transverse momentum vector.
Target ' !

spectators

See e.qg. [PL.157B,146,1985].



Reconstruction of reaction plane
(modified transverse momentum method)

Hits in
cells

Forward Wall
(or HCAL) where:

Transverse
momentum £,’
space

Q - reaction plane vector estimate;
Nsp - number of fragments;

w. - weight factor:
Projectile !

spectators w>0 if flying forward,
w.<0 if flying backward,
absolute value is set to
—— Y mass (m) or charge (2)
e of the spectator;
Target/ \ r. - position vector of cell with a hit-i.

spectators

Pt,

(projectile
spectators)



HADES Forward Wall, installed: March 2007
Fully operational: summer 2010, 2011

\

140 small 4x4cm
64 middle 8x8cm
84 large 16xl1l6cm

cells




HADES Forward Wall, installed: March 2007
Test beam 2011 status




Simulation (Au@1.25AGeV)+Au
SHIELD + hGeant

[Q:drp | [Entries 40000 ]

16

FW is 8m from target, spectators

1 I:;so selected by time-of-flight.
All Z treated as Z=1
(no PID for spectators)
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. Higher values of |Q| lead to better
Im reaction plane determination:

0<]|Q|<4 : poor RP angle resolution
4<|Q|<14 : higher resolution

By selecting |Q|>4 we also
suppress peripheral events
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drp {@>0.8&0Q<2.}

Simulation (Au@1.25AGeV)+Au
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Distribution of reconstructed reaction plane angle (RPA) compared to
generated in simulation RPA
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Method to determine resolution of reaction
plane angle (RPA) suitable for real data
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Hits in each event are randomly divided into two equal subgroups:
A and B and RPA determination is done separately for cells A and B.

Difference between the reaction plane reconstruction in two subgroups
can be used to estimate the reconstruction accuracy of the reaction
plane determination in the whole event.



Method to determine resolution of reaction
plane angle (RPA)
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But first we apply it for simulation
Hits of an event are randomly
divided into two equal groups:

A and B determining the reaction
plane in each group separately.

Reaction plane angle
determination based

on whole hits in FW of the event
and in two subgroups A and B
show flat distribution.

Difference between the reaction
plane reconstruction in two
subgroups indicates the
reaction plane resolution of the
whole event.



Simulation (Au@1.25AGeV)+Au

drp {Q>0.88Q<2.} ‘ Entries 9145 drp {Q>2.8&8Q<4.} Entries 12449 drp {Q>4.88Q<6.} ‘ Entries 8692 drp {Q>6.880Q<8.} Entries 5162
- RMS 97.22 = RMS 84.03 RMS 69.1 RMS 54.86
o 500 — 500 — e —— F Lty =
2s0l g .
B 00| ao0 [
200 — E F
B 300~ 300 [~
150 [— C F
100 — am|E 200 E
=fE 100 100 -
200 150 -100 -50 O 50 100 150 200 200 150 -100 50 O 50 100 150 200 200 150 -100 50 O 50 100 150 200 T T T 50 100 150 200
drp {Q>8.88Q<10.} rEnlries 2695 [drp {Q>10.8&Q<12.) | rEnlries 1196 [drp {Q>12.8&Q<14.} | Entries 432 [drp {Q>14.88Q<16.} | |—En|ries 112
RMS 44.85 ~ RMS 39.98 = RMS 32.81 = RMS 26.93
F 1z0[— F =
250] I~ F ser 16
F 100 } o ;
200 F 40—
: dN/d(d b )
150 — r < 1
; 2 re€t ¥sim
100 [— C 20 }
o a0 o
sof— 20 E 1o
200 150 -100 -50 O 50 100 150 200 200 150 -100 50 O 50 100 150 200 200 150 -100 50 O 50 100 150 200 200 150 -100 50 © 50 100 150 200
phiAB {Q>0.880Q<2.} Entries 9145 phiAB {Q>2.88Q<4.} Entries 12449 phiAB {Q>4.880Q<6.} phiAB {Q>6.880Q<8.} Entries 5162
E RMS 117 E RMS 108.5 e e RMS 76.24
350 = 350 E 250 :— 150
300 300 F 160
E E 200 [
F - C 140
250 [ 250 [ o
E E ol 120
200 E 200 E C 100
150 150 [ = 80
E E F &
100 100 -
E E sl “
HE “HE E El=
E I | I I I L I E I | I I I L I C I | L I I L I E I | L I I L I
So0as w0 50 o S0 100 150 200 B T T T ) o S0 100 150 200 So5 ase e 50 o 50 100 150 200 Soa Ese e 50 o 50 100 150 200
phIAB {0>8.88Q<10.} ‘ Entries 2695 PhiAB {Q>10.8&0<12.} Entries 1196 PhiAB (@712 &&Q<14.} Entries phiAB (@714 &&Q<16.} Entries
C RMS 62.2 o RMS 51.17 s RMS = RMS
120 F =
C 0 — C
100 [ F 1w
: dN/ :
“F wf £
ol EN) f—
o L
=& w0l ’ﬂ_‘
E I | | | I | E m. I | | | IS T I | | i Inl C | I I | | I |
So0 ise e S0 ) 50 100 150 200 Se0 " ise 0 S0 ) 50 100 150 200 -50 ) 50 100 150 200 B T T ) ) 50 100 150 200




Simulation (Au@1.25AGeV)+Au
SHIELD + hGeant

ht
[drp {Q>438Q<14} | Enfries 18177

700 wan ooss|  SlMulation w/o trigger conditions:
- Event selection: for 4<|Q|<14
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* Known only _ _
in simulation Error of reaction plane angle estimate

drp=¢ - &  for all hits in FW from each event:

rec sim

RMS=60°

Gaussian fit sigma=48° (in central part)

Gaussian fit sigma=37° {5<b<10 & Q>6}
/ K.Lapidus HADES coll.meeting. 2010 /
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Estimate of reaction plane
determination error based on two
subgroups (A and B) of hits in each
event: RMS=81.34°/2 = 58°

l.e. in a good agreement with the one
obtained with knowledge of reaction

plane angle from simulation.
NB: this estimate is also applicable to exp. data.
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(Au@1.25AGeV)+Au HADES 2011 test beam
(spectators selection by FW information)
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(Au@1.25AGeV)+Au HADES 2011 test beam
FW azimuthal anisotropy (day 229 be1122901465%)
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(Au@1.25AGeV)+Au HADES 2011 test beam
RPA dlstrlbutlon (Rmin=220mm)
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FW ¢(cell) distributions for different Rmin cut
(beginning of beam time, day 227: bell22718423%)
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FW ¢(cell) distributions for different Rmin cut
(beginning of beam time, day 227: bell22718423%)

| Y vs X for reaction plane hits |
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RPA, ¢(A~B) distributions for different Rmin cut
(beginning of beam time, day 227: bell22718423%)
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[ Y vs X for reaction plane hits |
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dE/dx [arb.ul

(Au@1.25AGeV)+Au HADES 2011 test beam
(spectators selection by FW information)
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Last day (231) files between 00:00-00:59
approaching center of gravity
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Conclusion

First test beam Aug'll data of (Au@1.25AGeV)+Au reaction were
analyzed aiming determination of the reaction plane angle from FW.

Investigated error of RPA estimate as dependence on |Q] value in SIM.

Test data were used to quantify an estimate of reaction plane
determination accuracy.

Experimental observables were compared with simulation (based on
SHIELD model).

Some non-trivial azimuthal anisotropy of beam profile on FW is seen.
This leads to non-flat distribution of reconstructed reaction plane

angle. Source of the anisotropy is under investigation:
- Beam profile
- Cell inefficiency
» Spectator selection

Forward wall team:
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Comparison with simulation
w/o X-shift
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Comparison with simulation
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(Au@1.25AGeV)+Au HADES 2011 test beam
FW aZ|muthaI anlsotropy (day 227 be1122718423%)

| ¥ ws X for reaction plane hits |

i

EERIPEERE

| ¥ ws X for reaction planc hits |

EEETEENE

8 B | P e
S0 £00 <400 200 & 100 400 800 B0

| ¥ ws X for reaction plano hits |

B30
B30
gL
20
o
-0
A3
o]
0

2l el .
e} £00 <400 200 @ 300 4060 B

|F'||H'1:n'l1l

400« =800

ool 4un-—- =800
T 1B-l,'|¢p¢z-nl|:| —\J_L
o<, <t j
20
mifinzl
m.
ok
i PR R
wE 1 L L L
L T T R T T
FW::;n:_I:dH-l'd»:l _M:"'
B30 4?"]‘ vﬂﬂ-ﬂﬂ e
o< <l j
20
= | LA
wal-
o0k
120
o ::u u;n l!l.lu- 100 ziu- 00 a!l.u

el

[phi (Gr4E80=14} |
oty

S0

FEoa

F-ﬁ. ,hﬁ"ﬁkﬂ,.ﬂ""

i ,‘_ﬂr’ -_
F Ty

v M

000}

Senaf-

200

1000
q:J.....L......'........... A
500 -150 100 -50

[whi {G-4&aa<14}

Lol P .1—1__}
S 1na
S0
J

LI
30—
D030
1L

q:l_-l.ll._l.____l.

=200 -150 -100 -5

o

[ dphifd [Cr4ERO=<14} |

-]

allaasale el
100 155 203

[ dphiAs {GraBaG=<14} |

At -l'ﬁ'ﬂ'-l:l
Ll B4

P e
180 150 200
phi

i

i

Y

i 311

IS T e ——
D3oh 156 -100 -0 @

haneal- J
r'IJ L
Hiatea!- f
B0 f
I
2] I
[ I
L J)J,
2000/ A
“_,.l"
i L

daloilesnallonaslosaslcs
=205 -1%0 <100 -4 @

hansal
- 7
heosal f
Boaal- Jr
I
oo /!
I
Frens In’
)
2o00- __f
e
U5 TiSE T8 50 B

P

s

alasaaliiaalling

£

[

Maoan BEATS
] T

ol easaliidel
100 150 oo
dphihE

:—En
-

L
'|M 1!021!!)

AprihE



(Au@1.25AGeV)+Au HADES 2011 test beam
FW a2|uthal anlsotropy (day 229 be1122901465*)
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(Au@1.25AGeV)+Au HADES 2011 test beam
FW azmut nal anisotropy (day 230 be11230233%)
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(Au@1.24AGeV)+Au HADES 2011 test beam
FW azimuthal anisotropy (day 229)
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Adjusting for beam shift x=x-(-7.2mm) y=y-(-1mm); and Rmin = 138mm (to gain isotropy)

| Y vs X for reaction plane hits | hYvsXForRP
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Simulation: FW fired cells distribution Au+Au@1l.25AGeV
(selection of spectators in FW)
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Reaction plane reconstr.: Au+Au@1.25GeV/u

no selection m O<b<5
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3 K.Lapidus (HADES coll.meet 2010, GSI)



Reaction plane recons. : Au+Au@1.25GeV/u

Cut on Q value helps in
suppression of tails and
improves the resolution
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Simulations with FW
located at 5-7m from target

3 K.Lapidus (HADES coll.meet. 2010, GSI)
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