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JKCIEPUMEHTAJbHAA YCTAHOBKA

Spin Physics Detector (SPD) - skcmepumenTt B NICA
(OUAN, [Jy6ua), mnpeaHa3HAYCHHBIA [JI M3Yy4YeHUs
CIIMHOBOI CTPYKTYpbI NMPOTOHA U JAEHTPOHA U JPYTrUX
CIIMHOBBIX SIBJICHUHN, UCTIONB3YsS YHUKATHHYIO BO3MOXXHOCTD
paboThl C MOJSIPU30BAHHBIMH IMYYKAMH TIPOTOHOB U
JNEUTPOHOB TIPU DSHEPrUU CTOJKHOBeHHH a0 27 IHB wu
ceetumoctu 10 1032 cm2 ¢cL.

Electromagnetic calorimeter ~Magnet  Range system Vertex detector end-cap

Time-of-flight system

Straw tracker
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Beam pipe
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Range system end-cap

Electromagnetic calorimeter end-cap

Time-of-flight system end-cap

Beam-beam counter

Aerogel

Straw tracker end-cap

B monspu3oBaHHBIX ~ MPOTOH-MPOTOHHBIX  CTOJKHOBEHHSX
JTAHHBIA SKCIICPUMEHT NMOKPOeT KHHEMATH4YeCKHii pa3pbiB
MEXTY HU3KOIHEPTEeTHUYECKUMHU U3MEpEHUSMHU B
AKCIIEPUMEHTAX ANKE-COSY u SATURNE, u
BBICOKODHEPTETUYECKUMHU  M3MEPEHUSIMH, TIOJIyYCHHBIMH Ha
BAK

* JIBa TOpPUEBBIX 1eTEKTOPHBIX KoJIeca
CHMHTWIIALIMOHHBIX cueTunkoB Beam-Beam Counters
(BBCs) manupyercs ycranoButh niepen TOF cuctemoit
ycTaHOBKH SPD cMMMeTPHYHO OTHOCUTEIbHO TOUKH
B3aUMO/EHCTBUSA.

» JlerekTop OyleT COCTOATH U3 BHYTPEHHEN U BHEIIHEH
gacteit: BHyTpeHHne MCP 1 BHEIIHSISI 9acTh U3 OBICTPBIX
CUMHTH/UISIIIHOHHBIX TAWJIOB.

\Scinlillalor tiles

OcuoBHBIMHA 3amauaMu Beam-Beam Counters ssisirorcs:

* JlokaabHas nojsipumerpusi B SPD, ocHoBaHHas Ha
U3MEPEHUSX a3UMYTAIBHBIX ACUMMETPUI
NOJIIPU30BAHHBIX IPOTOHHBIX MYYKOB,;

*  MOHUTOPUHT CTOJIKHOBEHUH ITYUYKOB;



JKCIEPUMEHTAJbHAA YCTAHOBKA
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SPD BBC o6yner cocrosats u3 16 cektopoB ¢ 25
TallJlaMM B Ka’KIOM CEKTOpe B OJHOM KOJiece.
Kaxnplii Taitn npenactaBisieT coOOW OTACIIbHBIM
WUCTOYHUK CUTHAJIA, CYMTHIBAFOIIMICS C TTOMOIIBIO
KPEMHHUEBOTO (OoTOyMHOXKHTETS (SiPM),
MOAKJII0OYEHHOTO K onToBOJIOKHY WLS.
KonmnyecTBO KaHAJOB CUMTHIBAHUS HABOJIUT HAC
Ha wucnoyib3oBaHue FEE cucteMbl cUuThIBaHUS
CAEN FERS-5200, pa3pabotranHoii crieruaibHO
JUIs1 OOJIBIIIUX MACCUBOB JIETEKTOPOB.

Kaxxnas rurata Bmeriaer 64 xkaHajga U BKITIOYAET B
ceoss FEE »snexrponuky, AILIIl, Ttpurrepuywo
JIOTUKY, CUHXPOHM3AIUIO, JIOKAJIIbHYIO MaMsATh U
uHTepdenc CUUTHIBAHMUS.

e Jlmsa HCCIeI0BaHUI Ha KOCMHYECKOM
U3JIyYeHNH UCIIOIb3YETCS BHEIIIHSA
TPUTTEpHAs CHCTEMa, OCHOBAaHHYIO Ha JBYX
CIUHTHILIATOPaX 10x10 cM? co
cunteiBaroniMu PMT Hamamatsu H10720-110
¥ BpEMEHHBIM pazperiennem ~650 ric.

* Konnenrparop DT5215 wucnons3yercss s
BO3MO)XHOCTH pacuIupeHus KOJINYECTBA
KaHaJioB 10 8192

USB3.0,1/10 GbE

S
Concentrator ‘

Board upto 128 FERS S
| with a single Concentrator

Detector Array
up to 8192 channels

FERS units FERS units



How BBC readout will work

: ]
o
S| Clear fiber
3 Transmission box Front-End
8 with SiPM array [T | Readout System
= CAEN FERS-5200
| |
o ] ] ] Online
« Wave Length Shifting (WLS) fiber shifts ultraviolet Monitoring
spectra to green light Device
* Clear fiber has a higher attenuation length
* It is necessary to read about 800 channels constantly
« Monitoring device serves as a tool for preliminary

analysis
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Bp100op MaTepnaJioB 1 TECTUPOBAHUE PA3JTUYHBIX KOMITO3UIINM JJIs
MPOTOTHUIIA CUMHTUWIISIIIUOHHOTO JIETEKTOpa BKJIIOYACT CPAaBHEHUS.
11 1
. " [TokpeITHE CHUHTUILIIATOPA: MatupoBanHbIi VS nokpbeIThIi Tyvek
OnTHUYecKuil KIeu: CKTH MEJI E, B VS OK-72
I'eomerpust cemu TaP”IHOBOFOUHPOTOTHHa, OnTOBOJIOKHO: Saint-Gobain Crystals VS Kuraray
UCIIOJIb3YEMOTI0 B IaHHOM paboTe _
SiPMs: 3x3 VS 1x1 mm?



Material selection

Basic criteria for selection:

* Light collection

« Mass production convenience
« Material cost

 Sanction independence
 Radiation resistance

* Aging, e.t.c...

Leading Order

———
—

Next leading order
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CKTNB Saint Gobain Crystals
R BCF92
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Material selection: Optical cement

3500 1
- OK-72 As we had earlier,

— [ CKINE Fit CKTN | CKTN | .
- CKTN B Params MED E MED B

Hits

3000

2500 Mean, 354.5 387.6 307.2
SGC BCF92 Channels

2000 Width, 262.2 299.9 2495
Channels

1500

» CKTN series collect more light, but due
to low viscosity CKTN B and OK-72
optical cements are more convenient in
terms of mass production
As for updated results,

0
200 400 600 800 (;:fOLG X 11200 Flt CKTN CKTN OK 72
. . H CHANNETS Params MED E MED B

Row 3 tiles with SGC BCF92 and CKTN E Vean
(red), CKTN B (green) and OK-72 (blue) Channels 408 8784 2637

ikl 240.7 265.4 212.6
Channels

1000

500




Material selection: Optical cement

3500

Hits

OK-72

3000

CKTNE

CKTN B

2500

2000

1500

1000

500

200 400 600 800

Kuraray Y-11

1000 1200
016, LG, channels

Row 3 tiles: CKTN B (green), CKTN E

(red) and OK-72 (blue)

Fit CKTN CKTN

Params MEDE | MEDB ol

MIZEITL 429.7 569.1 312.8
Channels

Width, 268.7 324.9 228.2
Channels

While the peak position difference for
CKTN B vs CKTN E with SG BCF92 is
approximately 10%, Kuraray Y-11 shows
difference about 25%.

In both cases CKTN B collects more
light



3500

Material selection: WLS comparison

Hits

: BCF92 g F
o T f —[BCF®2

: — [ Y11 sonof

- : —[y11
2500 — .

- 2500(—
2000 CKTN type B oo OK-72
1500F— 1500 :—
1000— 1000 —

500|— so0bs
0 C | | | | | | | ] 1 | ] ] | | | | | 0 - | | | | | | | | | | | | | ; | . TR
200 400 600 800 1000 1200 200 400 600 800 1000 1200
013, LG, channels 014, LG, channels

Row 3 comparison of SG BCF98 (blue) and Kuraray Y-11 (red) WLS fibers, using CKTN B (left) and OK-72 (right)

Fit Once again, Y-11 collects Eit
E T More light in both cases, but in Params | BCF92 | Y11

case of OK-72 we see that peaks

Cmiine’ls 378.4 569.1 are not really separated and both Clr\m/zlien?}ne’ls 263.7 312.8
: of them are in low-energy area, :

Width, 2654 324.9 which indicates that OK cement Width, 212 6 9989

Channels can’t pass high energy photons Channels



Material selection: Amount of fiber rows

T 100 —1 1Ixrow z 3000 — 1Ixrow

1200 — —|__3X rows 50| —L_3x rows
1000 — B

2000 —

BCF92 & OK-72 - BCF92 & OK-72
800 . —
Previous data so0l— New data

600 E

1000 L
400

500
200

0 100 200 300 400 500 6(‘)0 — 730 — ‘800 0 100 200 300 400 500 600 700 800
013, LG, channels 010, LG, channels

Fit Fit
a 1/2.35 VS 1/1.39

Mean, Mean,
Channels 86.0 202.1 4 ; Channels 188.2 262.2

Width Width
1 ? 1
" . 190.0 Channels 1675 2132
2Indf 3.7 2.8 2Indf 4.4 3.8
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Hits

Double WLS sum VS single WLS tile signal

b Double WLS tile:
- CHO
4000F
B Int = 1.13*10°
3000F
2000f
1ooof
O 500 300 00 B0 008 Tovo
E, Channels
We sum each event from £
both fibers (check .
coincidence) and than fit the

result. In the same run we
had tile with one end
(second one is painted with
acrylic paint and glued inside
the tilesjand compare the
results.

Hits

4500
4000
3500
3000
2500
2000
1500

1000
500 |

Hits

Double WLS tile:
CH1
Int =1.121*10°

2ol nnanllonnollonanllonnallons
100 200 300 400 500

P T s o
600 700 800

b, Camnels
3000 Double WLS tile:
2500 CHO + CH1

Int = 1.133*10°

2000
1500
1000}
5008
O:II‘II\I|IIII|IIIIII\II‘II\Illllllll\lll\ll‘ll\l
100 200 300 400 500 600 700 800 900 1000
E, Channels

3500

3000

2500

2000

1500

1000

500 2=

CHO + CH1

Single End

100 200

300

500

700

800 900

1000

E, Channels

Fit Tile with Sum of
Params one end | both ends

Mean,
Channels

Width,
Channels

v2/ndf

360.9

243.2

8.5

399.8

277.4

13.1
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Double WLS sum VS single WLS tile signal

Hits

o0 Double WLS tile;:| £ 1o Double WLS tile:] £ 1000~ CHO + CH1
CHO 1200 CH1 - .
ol Int=2.94*10¢ = " Int = 3.07*10¢ “E 2lrele Lie
o0 " 600]—
n 6001 B
200 200 B
e TR e T e e e .
E, Channels . Channels _..|....|‘...\...‘l....|.‘..|‘..|.\
0 100 200 300 400 500 600 700 800 900 1000
Z 1000 . E, Channels
For the purity of the =R Double WLS tile:
exdperirr]nent, we gleched to 800 CHO + CH1 Eit Tile with | Sum of
redo the run. In both cases - Int = 3.08*10%
- - Params one end | both ends
we see that sum of both ends 600}
collects slightly more light 5 Mean,
(Lrom 6%|to 1%% difference) 400 Channels 3223 3428
than single end. [
, o 2001 Width,
We can confidently claim light i Channels 2212 2417.5
reflection efficiency as higher 060200 300 400 500 600" 700 500900 1000
or equal 90% E, Channels lendf 2.1 2.5
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Double WLS sum VS single WLS tile signal

In case, if we remove coincidence
(for example, one of the channels

= a0 Double WLS tile: = =
2500; CHO + CH1
e “Real sum 1”
ook Int =1.133*10°
10005—
soof
“J00 200 300 400 500 600 700 800 900 1000
E, Channels
= CHO + CH1
3000;
2500 Single End
2000 —
1500;
1000;
ol
0E : : : ' : | :

1000 200 300 400 500 600 700

800 900 1000
E, Channels

Hits

1000
800
600~
400

200

Double WLS tile:

CHO + CH1
“Real sum 2”
Int = 3.08*10%

1000

800

600

400

200

100 200 300 400 500 600 700 800 900 1000

E, Channels

|

CHO + CH1

Single End
“Real sum 2”

100 200 300 400 500 600 700 800 900 1000

E, Channels

has bin content in exact bin, but
the second one doesn’t, so we fill
sum hist with only one existing
value, instead of removing bin at
all) the ratio remains

Fit Tile with Sum of
Params (Run 1) | oneend both ends

Mean, Channels

Width,
Channels

v2Indf

360.8 399.8
243.2 2177.4
8.5 13.1

Fit Tile with Sum of
Params (Run 2) | oneend both ends

Mean, Channels

Width,
Channels

vZIndf

322.3 342.7
251.2 247.4
2.1 2.4
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Conclusion

Leading order material selection is almost completed:

« CKTN B collects more light and is quite convenient in terms of mass production; OK-
72 1s not transparent to high energy photons

* Fiber study proved that Kuraray Y-11 collects more light and is more efficient for our
goals

* New studies for 1X vs 3X fiber rows differs from the previous measurements -> new
studies are needed

« Studies about efficiency of painted with acryl end showed that resulting signal is
reduced at max of 10% in comparison with double WLS tile, what makes our
technology 90% efficient

In closest perspective:

* 7-tile prototype assemble & tests;

* We hope to compare 1X vs 3X studies with GEANT model,
« FERS-5200 calibration;



