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Introduction

mx

I\, FLINT experiment in ITEP

29> [Physics of Atomic Nuclei, v.11 (2008) p. 184]

The study Dense Cold Matter
[http://arxiv.org/abs/0911.1658]

with position sensitive neutron detector (NDet)

List of participants in Ndet project from ITEP:
O. Denisovskaya, G. Dzyubenko, K. Mikhailov, P. Polozov,

M. Prokudin, G. Sharkov, A. Stavinsky,
V. Stolin, R. Tolochek, S. Tolstoukhov

Everyone is welcome !

Could we use Ndet also for MPD?
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Motivation for NICA

1. Increase a list of measurable baryons with NDET (+):

n P NS pTt XL nm Y L NTC ZO — AY = o AT EO AT | QL AK

+ |+ + + + + +

2. AntiNeutron, antiX+, antiX- with Ndet
(and possible help for other antibaryons)
3. New ratios: n/p, %/p, ...
4. 3-dimension phase diagram (add axis Nn-Np)
5. Femtoscopy nn, np, pp, Xp, 20, ...
Unknown low energy scattering parameters for XN
6. Study of Dense Cold Matter (our proposal for NICA MPD):
If we have not neutron detector, we will lose a half of information
7. Neutron asymmetries at NICA (new!) [http://arxiv.org/pdf/1006.1331]

®
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Neutron asymmetries at NICA
http://arxiv.org/pdf/1006.1331

Chiral vortaic effect and neutron asymmetries at NICA

1,3 1,3.%

Oleg Rogachevsky.,? * Alexander Sorin,»* 7 and Oleg Teryaev

YJINR, 141980 Dubna (Moscow region), Russia
“PNPI RAS, 188300 Gatchina (Leningrad district), Russia
I Dubna International University, 141980 Dubna (Moscow region), Russia
(Dated: June 7, 2010)
Abstract
We study the possibility of testing experimentally signatures of P-odd effects related with the
vorticity of the medium. The Chiral Vortaic Effect is generalized to the case of conserved charges
different from the electric one. In the case of barvonic charge and chemical potential such effect
should manifest itself in neutron asymmetries at the NICA accelerator complex measured by the
MPD detector. The required accuracy may be achieved in a few months of accelerator running. We
also discuss polarization of the hyperons and P-odd correlations of particle momenta (handedness)

as probes of vorticity.
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The prototype of
position sensitive neutron detector...



The prototype of Ndet

|
|

Plastic Scintillétor 96 * 96 * 128 mm?
Fiber in the gfoove : KYRARAY,Y-11,

MRS APD & Amplifier -CPTA(Golovin)
PMT for test EMI 9839A

Efficiency ~ 15%

Matrix for FLINT 6x6=36

d =1mm, wavelength shift

[
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Beam tests of prototype

DC1 Pt2 Ratio (R=A/A)) of amplitude as exp(-R/d)

Beam of — —
Protons Diod4/Diod2 21 ndf

Ndet 1B ——
p=3GeV/c - éConstant 0.3956 = 0.09298

- 5 Slope  -0.07735+ 0.01296

1.64217

v

Diode 3 Diode 2

02 Preliminary. ... -

Diode 4 Diode 1 I T
% 2 4 6 8 10 12 14
v (cm)

[
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Beam test: Ndet space resolution

| X(n-det)-X(cham) | razn_x
= Entries 61565
1800 — Mean -0.0001898
— i RMS 2.616
1600— Preliminary 2 [ ndf 24.08/ 37
1400 — Constant 1843+ 115
1200 Mean___0.03933 +0.01444
— Sigma 2.639 + 0.015
1000 — |
800 —
. . 600 —
Preliminary resolution s00F-
of neutron detector 200
1 I 1 1 | L | 1 I 1 1
U5 A0 5 0 5 10 15
nJ nJ
GX Gy 2'6 C | Y(n-det)-Y(cham) | razn_y
2400 — Entries 61565
2200/=— Mean -0.007747
20005 R2M!S y 3.009
1800 2In 60.5/ 37
= Constant 2263 +12.8
1600=" Moan.____.0.03445 3 004272
L = Sigma 2.594 + 0.013
1200 = |
1000 =
800 —
600 =
400—
200
U 10 5 0 5 0 15

[
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Beam test: Ndet time resolution

Beam tests of time resolution of Ndet

are in progress.

We had a short first run right on Dec'2009.

Very preliminary:

Time resolution ~ 0.3nsec

Time Of Flight study

‘ Dat_17 {Dat_19>4948&Dat_19<4998&Dat_17>780&&Dat_17<8108.&abs{ver1)<10088abs(hor1)<100} | htem p
- Entries 545
-Run63 PMTnonCFD Mean 7925
80— :
- o RMS 3.405
70 pr eliminary!!! ¥2 | ndf 23.31/23
60— Constant 73.18+4.19
- Mean 792.9 + 0.1
50—  Sigma  2.846+ 0.106 |
— |
40
0E 1ch=100psec
20—
10—
0 - [ P [ B I T T gy S|
780 785 790 795 800 805 810
Dat_17

TDC (channels)
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Ndet in MPD root

o TOF

Ndet

o ———

. \l\l\l‘l\l\l\\\Il\\\l‘\\l\l\l\\‘I\\\ll\\\l\\
S1IT -200-150-100-50 0 50 100 150 209

First version of Ndet is in MPDROOT trunk/ndet

(ring of plastic with r=155cm and width 12.8cm, box 9.6x9.6cm Zlength~3m
Matrix ~ 3000 detectors)

Test with MC central events AuAu at sqrt(s)3.8 GeV/c

[ o
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First step to the efficiencX

* 10* UrQMD AuAu central events sqrt(S)=3.8GeV/nucleon
* MPD root with Geant3
* Preliminary Ndet efficiency with primary neutrons

* Comparison with DeMoN detector efficiency

[ . J
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Ndet efficiency in Geant3

MPD Ndet efficiency (Geant3)

— Eloss>0.5MeV

Eloss>1.0MeV

— Eloss>2.0MeV

— Eloss>5.0MeV

501
45;
The efficiency of neutron 40—
registration is about 13% F Preliminary
(length of Ndet is 128mm) - 35;
at En>100 MeV S 30
R
If proton momentum > 500 MeV/c .2 25;
we have to know Ndet efficiency &£ 20+
starting from En>50MeV " 155_1*
]
10
5
SRR BT BRI B
% 200 400 600
Eneutron (MEV)

800 10

00
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DeMoN detector

Time resolution ~ 250 psec SYREP

Efficiency ~ 30-40% DETECTOR
305
XP3020 —
XP45128B F B
; NE213 S ﬁ
Yoo E TR ] I E__
_ as
_ 200 V} %
IS S
DEMON
DETECTOR
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Discriminating plastic

« plastic 77 », Brooks et al, IRE Trans. Nucl. Sci., NS-7, 35 (1960)

No exotic compounds (similarities with NE213)
Light output ~ BC400
Clean synthesis process (CEA Saclay)

Test at LPC with digital ADC : 2 GHz, 12 bits, 2500 samples (1.25 us), low rate

—

Amplitude (AU)

-
<

102

.4J|EI§||

Plastic 77 - Average signals

neutrons

200

400

600 800 1000
Time (1 channel = 0.5 ns)

| | | | |
1200 1400

()]
o
=]
=]

plastic 77 - 252Cf source

Qslow (AU)
o
=
=]
o

4000

3000

2000

1000

From presentation : « Neutron detector developments at LPC Caen »

| 1 1 | | 1 | | 1 | 1 |
% 10000 20000

| 1 | | | 1 |
30000 40000
Qtotal (AU)



Ndet and DeMoN

Ndet efficiency "scaled" to Demon (Eloss>2MeV)

100 1
goi 0.9 DEMON intrinsic efficiency
80— 0.8 MENATE simulation
70" Ndet*1.56 (GEANT3) 0.7E 500 keVee threshold
o0 0.6
- S -
O _ b -
890, 0.55
0o C
400 T 0.4
30 - 0.3 fj All processes
20 T . — o020 C(n,:__r]_’?a)‘x\x
- = A C(n,np)
ok o -\nnp)
: \ \ | \ \ °-1§7 C(na), COPy
1 L1 L1 L1 1 L 11 \ L _ T N R T
% 20 40 60 80 100 0 20 20 50 80 25
E outron (MEV) Neutron energy (MeV)
Present calculation roughly corresponds P. Désesquelles et al, NIM A 307, 366 (1991)

to DeMoN efficiency

[  J
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Diaphony and Cross-Talk

In a modular detection system the same neutron can interact in several
modules.

If neutron is scattered in one module without being registered and
later on is detected in another one then the diaphony take place.

If the same neutron is registered in two or more detectors —
the cross-talk effect occurs.

Diaphony: distortion of the emission angle and the energy

Cross-talk: simulates of two or more neutrons in coincidence leading

to a strong spurious correlation. In case of one-particle distribution

the cross-talk effects are usually small, but in femtoscopy measurements
this effect is quite important and dangerous.

®
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Cut Cross-Talks

J.Pluta et al. NIM A411(1998) 417

1:d

7 E

2

..................................... E>E, : cut ABAd<0

-----
s
-----
wnnn
------
wmn®
wmnn
s
-----
wmns
-----
-----
Ll

cross-talk

E1<E2 . cut AEAd>0
cross-talk

®
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Ndet Cross-Talks

Ndet 2

fﬁi*f 2

y 4

neutron / cross-talk !
N ¢ e

Ndet 1

Position sensitive neutron detector could be help to reject cross-talk
if we do the cut on coordinate

® . 4
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Fake neutrons in MPD

hNeut1RadZ

Secondary neutrons Eniries 5976

Mean x 3.766

Mean y 89.83
RMS x 163.9

RMS y 50_15.

160

140

10

Vertex r=\/ x2+y?, cm
© o
o o
T T[T TT T TT [ TIT [T [TTT]]
m
—

\I\I|II\I‘IIII|IIII‘IIII‘I\II|IIII|I\I\|IIII|\III 10-1
-g00 -400 -300 -200 -100 0 100 200 300 400 500

Vertex z, cm

[
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2+, X- in MDP



Simulation of X

L DECAY MODES Fraction (I/I)  Confidence level (MeVjc) £~ DECAY MODES Fraction (T /T) p (MeVjg
pr (L57£0.30) % 18 (09.848:0.005) % 103
(48.31£030) % 185 N7 7 b)( 46 £06 )x 107" 193
P (1.234005) x 1073 25 e T, ( L0170.034) x 1072 %0
Ty B (45 £05) %107t 185 N1~ 7, (45 204 )x107" 210
e v, (20 £05)x107 1 Ae 7, (573 2007 ) x 107 79

e Simulation in MPD ROOT with Ndet package
 UrQMD AuAu sqrt(S) = 3.8 GeV (10 events)
e Smearing due to Ndet tof resolution 0.3 ns

e Smearing due to Ndet space resolution 0.3 cm
e Suppose (for now) 100% neutron efficiency

* Do not use tracking information for pions and

do not smear pion momentum

® . J
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Ndet momentum resolution

Momentum resolution of neutron detector

| TOF momentum resolution

is a combination of time resolution and 20000

space resolution

Time resolution

25000

20000

15000

B = L/TOF, where L distance from collision point 10000

to Ndet

Suppose TOF smeared by Gaus(TOF,o
one can expect o, < 0.3ns (to be measured)
Smeared momentum due to time

Psmeared = B smeared/( 1 - Bsrnearedz)

Space resolution depends on

Angle ©
and

smeared

smeared

=Gaus( @, 0/R)

= Gaus( Z, o),

TOF

5000

and
) )

i\;IIII|\III‘IIII|IIII|I\II|\III‘III\

¥2 I ndf 271.5/ 22
Constant 3.18e+04 + 57
Mean -0.002269 + 0.000081
Sigma 0.04119 + 0.00013

| TOF+Space momentum resolution |

30000

25000

20000

15000

10000

where o, = 3cm Ndet space resolution 5000
R is radius of Ndet ring (155 cm)

= cos(®
= sin(®

smeared smeared)

smeared smeared)

'N.IIII‘IIII|IIII|IIII|IIII|\III|I

%2/ ndf 123.2/ 22
Constant 2.978e+04 £+ 54

Mean -0.002218 + 0.000100
Sigma 0.04578 + 0.00018

%

aaaaaaa
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Sigma selection criteria

* Cut on neutron TOF: 20 ns (cut 3 <0.3 and reduce secondary
neutrons from MPD detector components)
* Cut on pion vertex (distance from reaction vertex) > 0.1 cm
to select decays

X" - nn+(48%) ct =2.404 cm

Y. - nm- ct =4.434 cm

Background processes:

KOS S T+HTT- €T =2.68 cm

A’ —pn- ct =7.89cm
* Cut on vertex of reconstructed X, distance from collision point to

Y. momentum line less than 0.1cm

* Cut on pion momentum > 0.15 GeV/c (reduce combinatorial BG)

®
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Pion Vertex cut

10° g — All* (1 01 8097)
. | . (13321)
Most pions come from - ; |
collision vertex o Ty Fyp>0.1cm (12578

Cut on pion vertex > 0.1 cm

Cut ~60% (6% =, is lost)

We cut about 60% of all pions

and lost a few percents of Lo Rem
pions from Sigma decay! Al (1273345)

w) T (32515)

:: : ;- I, >0.1cm (31443)

Cut ~60% (3% =, is lost)

12 14 16 18
Fiax (€m)

® . 4
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Vertex cut for Sigma

Real 2 comes from collision point (cp) Fake 2. does NOT come from collision point (cp)
Cut on distance of closest approach ()

Collision point

Collision point

[  J
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10* AuAu central events at sqrt(S,,)=3.8 GeV

Feasibility of ¥ detection

AuAW\S=3.8GeV r* — nr* | hSigPlusMass0sd | pAyAiiS=3.8GeV " — nn~ | | hSigMinusMassOsd
Entries 5397 Entries 13756
&‘; E Mean 1.19 514000__ Mean 1.198
% 3500 RMS 0.005821 % - RMS 0.006255
— B %2 I ndf 73.7717 = - x2 I ndf 269.6/6
hat L Constant 799.8 +16.9 :1 2000j Constant 1978 +£28.2
:ch_" 3000 Mean 1.189 + 0.000 :dj = Mean 1.197 + 0.000
s i Sigma  0.002221+0.000038 S 4 0000} Sigma  0.002174 + 0.000029
S 2500: S B \%
- 8000 —
2000— -
15000 6000—
1000 4000 -
500 2000 /\
O:I | I__i——-l-"'r-— L1 | | \‘-‘r—_h—l_—.——l__l_ | ‘ L1 |1 | [ S L I I | 0_\ | |1 i | _L—l—:—|—+__ | | \__I__'——O—J_l_ L1 | J | |1 1 | |- L1
1.18 1.19 1.21 122 1.23 1.24 118 119 1.2 1.21 122 1.23 1.24

M_. (GeV/c?)

M, (GeV/c?)

In|<1, £ - nn <En>~ 250 MeV (730MeV/c 3~0.6) <Pn> ~ 230 MeV/c <P_> ~ 800 MeV/c
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Conclusions

. First beam tests of Ndet was done in ITEP

. Space resolution is about 2.5 cm

1

2

3. Time resolution is better than 300ps

3. Ndet is in MPD ROOT (option of MPD)
4

. Preliminary estimation of Ndet efficiency with

GEANT3 is about 15%
5. Feasibility of £+ and X- detection in MPD with

neutron detector is shown
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Primary and secondary momentum

100events AuAu\/s=3.8GeV/nucleon

30

Primary

25

— Secondary

20

15

10

number of neutrons /event/100MeVBin

nnnnnnnn



Energy-TOF neutrons

-EKi hEn01T Tof-Ekin primary n hEn1Twp
| Tof-Ekin secondary n | _hEn01T - | | Entries 987313
ean x ) — 100 Meanx  385.7
! 00 mean y :::: B Meany 10.27
RMS x 48.42 B RMS x 2781
RMS y 25.1 B RMSy  4.831
= 80—
80 ; 10 I 10
60 =10 -
: 10
40 =10 -
'Cut TOF>20ns | - Cut TOF>20ns | |
C o 10
Pt L — ""EH
L1 ‘ L1 ‘ L1 | L1 | L1 ‘ L1 | L1 | L1 ‘ L1 ‘ L 11 1 S | L | L ‘ L ‘ L ‘ P ‘ L ‘ L ‘ L1 ‘ L 1
200 400 600 800 100012001400160018002000 200 400 600 800 100012001400160018002000
| Tof-Ekinwp S+ n, MeV | hEn2Twp | Tof-Ekinwp S- n, MeV | hEn3Twp
Entries 9748 Entries 24070
100 Mean x 262.7 100 Meanx 261.3
r Meany 12.14 E Meany 12.18
n RMS x 2122 RMS x 213
r RMSy 6.866 - RMS y 6.9:.55 0
801 ] 80} :
d 10 : ]
60 i 60
: 3 i — 10
[ al i E
401 i 401r _
] Cut TOF>20ns | 1 i Cut TOF>20ns | -
1
20 —-— e - - - - - 20 e, —-_— . - - - - - 1
P i
s ey AL T TR
| | | | L1 | L1 | L1 ‘ L1 ‘ L 11 ‘ L 11
0

_\\\‘\\\‘\\\‘I\I‘I\I‘I\\‘\\\‘\\\‘\\\‘\I\
00 200 400 600 800 100012001400160018002000

ber

S?
-

°4
h4
°4
m4
o —
°4
m4

|
00 100012001400160018002000
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IN|<1, X - nm
<En> ~ 250 MeV (730MeV/c ~0.6)
<Pm> ~ 230 MeV/c
<P_>~ 800 MeV/c



2. detection (800 psec)

10* AuAu central events at sqrt(S,,)=3.8 GeV
Time of flight resolution 800 psec

counts/(1 MeV/c?)

AuAL §_3 8GeV v* + hSigPlusMass0Osd AuAu 5_3 8GeV ¥ - hSigMinusMass0sd
= E — N1 Entries 4101 = Nt Entries 10720
3500 Mean 1.191 &;12000_— Mean 1.199
B RMS 0.01202 % R RMS 0.01755
; %2/ ndf 327117 S - x2 1 ndf 12816
3000 B Constant 42051114 :1 0000__ Constant 1070 £ 19.1
B Mean 1.189 + 0.000 -_la?_: - Mean 1.197 + 0.000
2500— Sigma  0.002792+0.000078 B Sigma  0.002711 0.000057
B 9 8000+ T ]
2000 .
i 6000 —
1500 -
B 4000 —
1000— i
500_ o 2000?
anvﬂ-_”‘rﬂ/\\“ | ‘f"‘f"“—.— ‘ﬁ e | ! 1 [ e O:o—-n—o——o—‘-—c—r—v_r'r_\ L1 | \_—I I"FJ— ' [t |
118 119 1.2 121 122 123 124 118 119 1.2 1.21 122 123 124

M_. (GeV/c?) M, (GeV/c?)
IN|<1, £ - nm <En> ~ 250 MeV (730MeV/c ~0.6) <Pm> ~ 230 MeV/c <P_> ~ 800 MeV/c
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HayuHas ceccus-koHepeHuus cekunmn AP OPH PAH «Pusuka hyHaaMeHTa/IbHbIX B3aMMOAeACTBUI».

CpeiHss1 MHOXECTBEHHOCTb A/19 LeHTPasbHbIX Au+Au

cobbITUA (NpULEeNbHbIN NapameTp b < 3 M) BblunCNeHHas
D

o URON
T ISt

art. 4 GeV 7 GeV 11 GeV
In| < 1, In| < 1, In] <1,
4 p > 100 | 47 p > 100 | 47 p > 100
MeV /c MeV /c MeV /¢
charged | 430 250 870 430 1300 | 550
p 170 91 160 63 160 49
n 200 110 180 68 170 h3
v 110 65 310 160 470 230
T 120 78 340 170 520 240
w0 120 | 72 340 | 180 510 | 240
K 12 7.6 38 19 57 24
K- 1.3 0.82 12 6.2 26 12
K" 12 7.7 38 19 57 26
A 10 6.2 26 12 31 12
T 3.4 2.1 8.0 3.7 9.2 3.6
) 4.0 2.4 8.8 4.0 10 3.8
30 3.2 1.9 7.9 3.6 9.4 3.8
= 0.16 | 0.11 0.87 | 0.42 1.7 0.66
=Y 0.13 | 0.077 0.86 | 0.42 1.3 0.62
()~ 0.003 | 0.002 0.022 | 0.011 0.038 | 0.015

B.T'onoBaTiok, U'TO®, Mockga, 27 HosIOps 2
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3d phase diagram

100

Temperature T [MeV]

Py
O

NT3®, r. MockBa, Hay4Has ceccus-koHdepeH cekuum Ad
O®H PAH «®usnka pyHAaMEHTa IbHbIX B3aUMOLENCTBUI»
A.H.CucaksiH (OMAN) NICA - poCCUnCKMI MPOEKT TSHXKETOMOHHOTO
Konnaligepa

Net baryon'density n/ ng
n,=0.16 fm=3

Compact Stars
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2kcnepnumeHT E286
“OAr (77 MaB/HyknoH) + *®Ni - n, p, d, T, He, “He + X

“Data on light-fragment correlations in WOAr+°8Ni at 77MeV/nucleon”
Eur. Phys. J. A18 (2003) p.645-651. Konnabopauus E286.

K.Mikhailov?, A. Stavinskiy*, J.C.Angelique?, B.Benoit?, E. de Goes Brennand?, G.Bizard?,

J.Colin?, G.Costa®, P.Desesquelles®, O.Dorvaux*, D.Durand? B.Erazmus® Yu.Grishuk!, F.Hanappe?3,
A.Kieliszek’, S.Kuleshov!, C.Lebrun®, R.Lednicky? G.Leksin!, P.Leszczynski’, M.Marques?, Th.Materna3,
K.Miller’, G.Papatheofanous?®, T.Pawlak’, J.Pluta’, M.Przewlocki’,

A.Staranowicz’, L.Stuttge*, B.Tamain?, A.Vlasov!, L.Vorobyev?, K.Wosinska’

YInstitute of Theoretical and Experimental Physics
’Laboratoire de Physique Corpusculaire,IN2P3,CNRS/ISMRA
SUniversite Libre de Bruxelles,Belgium
“IRES,IN2P3-CNRS/Universite Louis Pasteur,France
°ISN,IN2P3/CNRS, et Univ.J.Fourier,France
*SUBATECH,UMR Univ.,EMN,IN2P3/CNRS, France

"Faculty of Physics,Warsaw University of Technology, Poland
8Institute of Physics ASCR, Czech Republic



DEMON efficiency with Menate

o> 1
Q -
:g 0-9; DEMON intrinsic efficiency
iosb MENATE simulation Reactions :
0.7 500 keVee threshold H(n,n)
- 12C(n,n)
0.6/ 12C(n,n’y)
=5 12C(n,2n)
0.555.;- ~ 12C(n,a)
0.4 %, 12C(n,n'30)
- 12C(n,p)
0.3H All processes 12C(n,np)
-l C(n,n'30)
0'1; C(n,a) C(n'p) .................
i N W BT
0 20 40 6 80 100
Neutron energy (MeV)
Simple

Reasonably accurate
Only cylindrical detectors with NE213 scintillator

P. Désesquelles et al, NIM A 307, 366 (1991)

From presentation : « Neutron detector developments at LPC Caen »



Results of LEFastNeutron model

GEANT4 DEMON Efficiency Sim. ., GEANT4 DEMON Efficiency Sim. -
» Demon Efficiency »  Demon Efficiency
it — Simulation Gl — Simulation
E % [EFistic  LEFastNeutvon Wodel I P———— MM&L
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Neutron detector: eta-Pt
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| TofEloss-all, ns |

TOF-Eloss(prim&seco part.)

hAllTofEloss
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| TofEloss-proton, MeV
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TofEloss-gamma, MeV |

hPhotTofEloss
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Energy

Loss(prim&seco part.)
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Tof-all, ns

TOF(primé&seco part.)
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