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HES

electron spectrgmetor

2.344[GeV] electron beam

0 3.1: EO5-115 000000 b0booooooboobobooboooooooooogoogonDg
00000000000000000000000000000000 HESOOODODOOO K*
ooboO0 HKSOOOOODOOoOooOooooboooo

0 3.2.1: E05-1150 000

00000000 2.344[GeV]

000000000 1.5[CeV]

000000000  0.967[GeV/d]

KtO0OOO0OO0OO0OOO  1.2[GeV/d]

tilt O 6.5 °
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3.3 Juboobouooooobn
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gopbooboobobuoobooobooboonboobo
0 3.3.20 EO1-0110E05-115 000000000 0ODOODOOOO0OOOODOHESODOOOOO

U332 00000000000000000

Enge HES
gooad split pole magnet Q-Q-D
ooooo 0.276 GeV 0.854 GeV/c
0000000000  0.20-0.50 GeV/c 0.70-1.0 GeV/c
ooo ~T7 msr w/Splitter ~ ~10 msr w/Splitter

000000 (Ap/p)  4.0x 1074 FWHM) 2.0x 10~4(FWHM)

HKSOOOOOOOOOOOOOO0O0O0Oo0o0o00oQ1oQooooooooboooooooo
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u3dsggoouuboboobobooooooogoooobobooooooobooooogon
0 EDC1(Honey Comb Cell)D EDC20 planedl D 00 0000000000000 OOOOOOO
O0000000EHODOIOEHODO20 0 00O00O0ODOOEDCIODEDC200000 3.3.30
OO0O0o0o0O0Og EHODO1IOEHODO20O0O00O00OOO0DOOOOO
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0 333 HESOOOOOODOOOOOOD

EDC1
Sensitive area 100 x 12 x 30[cm]
Layer xx’,uu’(30[deg]),xx’,vv’(-30[deg] ) ,xx’
Distance between Layers 7.5[cm)]
Cell size 1.0[cm]
EDC1 Resolution
Position(horizontal;x) o = 86[um]
Position(vertical;y) o = 210[pm]
Angle(horizontal;x’) o = 0.7[mrad]
Angle(vertical;y’) o = 2.8[mrad]
EDC2
Sensitive area 120 x 30 x 14[cm]
Layer xx’,un’(30[deg]),xx’,vv’(-30[deg]) ,xx’

5[mm)] drift distance,r =150][um]

EDC2 Resolution

Position(horizontal;x) o = 162[um]
Position(vertical;y) o = 163[um]
Angle(horizontal;x’) o = 0.33[mrad]

Angle(vertical;y’) o = 0.33[mrad]
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3.4 KOOOOodododoood
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O0OHKSOOOOODO EOI-011 0000000000000 0DO000O0O0O000O00O00D0OO
oboooooboboooooobobo0obobo0obO0obObEN-11bO0000D0000OO0
00000000000 HKSO KTrOOooooooooo

O 3.4.4: HKSOODO

oood Q-Q-D
goood 1.2 GeV/c
goooooooon 1.05-1.35 GeV/c
oon ~10 msr

000000 (Ap/p)  2.0x 10~4(FWHM)

3.4.1 HKSOOOOOO

HKSOOOOOOOOOOO3.60000KT00D000D000~T00000000000OO0
o0O0O00oO00O0O0o00DbOoOOHKSOOOOOOoOoOOOoOobOoOOooboOoooobooooooo
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goo00oooooooo0oU0OooooooocoOoUACOO0 TOFOODODOOOOoOoOoODOO
o00d0obOobOOoOo00bOOoo0oooOOooOoO0oU0obOOOoOogobooooooowecoboog
gooooooOo0oOooooooooOoOOoOOODOOOOOOoOoOLCODOODOODOTOFOO
ooowcoooooooooooooboo
03450 HKSOODODOOOOODOOOOOOO

goboobooobooo
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gobooobooooboboobboobooboooboobbooboboooobooboooboboo
000000000000 00000000O0000000000HKSOOOOO 1.2GeV/cO
T 0000KTO0O0D000000o0o00o00o

Br =0.993, Bk =0.924, B, =0.787
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ni no



28 030 000000 E05-115

D-Magnet

D-Magnet Yoke TOF1Y WC1, 2

TOF2X
T F1” © P

K+

HDC1 HDCZ“\ !
|
AC1, 2, 3

0 50 100 150 200 250 300 350 400 450 500
Z[cm]
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1.00<n1<1.08, 1.08<n,<1.27

U000 mUOn 000000000000 00O000DO0O0DO0O0O00OES-115000n, 0000
U0D00On=1.0000n0000n=1.330000000

0 345 HKSOOOOOOOOO

sensitive volume[cm?®] construction
Drift Chamber
HDC1 120x 30x 14 xx’,uu’(30[deg]) ,xx’,vv’(-30[deg] ) ,xx’
5[mm)] drift distance,oc=150]um]
HDC2 120 x 30x 14 xx’,uu’(30[deg]),xx’,vv’(-30[deg] ) ,xx’

5[mm)] drift distance,oc=150[pm]

TOF counter

HTOF1Y 120x 30x%x 2 3.5 x 9 segments:PMT Hamamatsu H1949 27 ¢
HTOF1X 120x 30%x 2 7.5W x 17 segments:PMT Hamamatsu H1949 27 ¢
HTOF2X 170x 35% 2 9.5 x 18 segments:PMT Hamamatsu H1949 27 ¢
Aerogel Cherenkov counter
AC1 169 x 46 x 31 20" x 7 segments:PMT photonics 5” ¢
AC2 169 x 46 x 31 20" x 7 segments:PMT photonics 57 ¢
AC3 169 x 46 x 31 20" x 7 segments:PMT photonics 57 ¢
Water Cherenkov counter
WC1 187.5x 35x%x 8 15.6 x 12 segments:PMT Hamamatsu H7195 27 ¢
WC1 187.5x 35x 8 15.6" x 12 segments:PMT Hamamatsu H7195 2” ¢

Lucite Cherenkov counter
LC 189 x 35x%x 8 13.5" x 13 segments:PMT photonics 3”tube
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3.5 EO05-1150000000000
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gboobodooboboobobooboboooboboboobobooboobooboon
O000O0O000OOO00DOOO00DbDO00DOO000ODOO0obOOOoOUODbDO CERNODOOO
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HESOO GEANT4000000000000000000000000000000000
0000000000000000000000000000000000000000000
003560000000000000GEANT40000000000000000000000
000000000000000000000 [4]9)0

o E, E]
C2m2Q21 — € E,
000 p,00000000000C000O00O0O00C000O0O0O0O0CO0OOO0GOOOGC0O000

40000000000 k= (E,, k)0 Pyia, = (Entap, Pnies) 00 00000000000000
00000000000000

(3.1)

(PNlab+ k)Q = (PN —|—Q)2 (32)
oo0oooOoooOon
Q?
E. = 3.3

oooooordgm.010000000000000000 9]0

(07

= m(al — ag — a3) (34)
ooo
E?2+ E? [ m2w? 9 Oc -
_ in2 e 3.5
“ omz  \aEzEz M 2 (3:5)
Eo m%w? [ miw? .o 0e -
_ le 3.6
“ = FapzEr \apzEr O 3 (3.6)
—1
(B.+ E))? [ w? o 0,
_ le 3.7
3 AE? 1E.E, TS (3.7)
0ooo

goboobooobooooboboobobuoooobooooboooobobooboobooboboooban
00000000000 0O0O0HESOD GEANT40O0OOOOO0ODOOOOOOO0
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0 356: 0000000000000 0O0O0O0O00O0O0

oboboogooon E; 2.344 GeV
ugoooooo 0.422-1.26 GeV/c

OoooDoogooeo 00 300 mrad

oOoooOooog ¢d 00 27 rad

0000o0ooooooooo X0 -1500 150 mrad
0ooU0o0o0oooooooo Yo 200 120 mrad

ADOOOO0OODODOOCOOOOO

0340000TI'0000 ACDOOOCOOODOOOCDUOOUOODOHESOHKSOODOOO
GEANT4000000O0O0D0OO00OO0OCO0OD0OOHESODOODOO sAO00OO0OO

(Accept)

SA = AQAp:
P (Generate)

(3.8)
O000AQOApOO0O0O0O0O00O0O0DODOOODOOOOOOOO(Generate)d GEANT40OODO
DDDDDDDDDDDDDDDDDD(Accept)D GEANT4000000000 EHODO®EDC1O
20Q1-Q2-DOO0O0D0OODODOO0O00OOD0DLOO0ODOOOODOOd
0000000000000 000000O0O0O00oOooooO 4o

d
Nypl/sr/sec) = C[electron/cm2/sec]-//FdQe/dEe/[/electron]-dQJV[nb/sr] (3.9)
K
goog260dQes0dE, 000000000 0O0OKOODOOO0ODOO0ODODObOOODOD
000000000000 0DOO000O0DO0000O00O0O0 HKSOOOOooOoooooooo
OO0CcO000o00o0o00o0o0oo0oUoOo0ooOoUoooUoOoUooOoO 4o

(Beam Intensity[uA]) (Target Thickness[mg/cm?])-(Avogadro Number[/mol])
Elementary Charge[C/electron] Target Mass[g/mol]

C=10"x

00 CO0O000000000000 100img/em?0000000 30[pAl0~y0000000
000000000 100nb/st] 0000000000000 0000000AOODODODODOO
0 GEANT400O00000000000000

gboobobooboobooban

gobbooboboobbooobooobobooobboobboooboboobooobon
gooooooobogooooboobobobobo zboboboboboobooooboooooo
0000000000000 00000000O0O00000 [(400000oooo

d?oy B 203 F?

dQudw  Twm?

[b1Ga(00) + bo(X — 222 f((aZ)?))] (3.10)
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(1+1)2 (1+10)4
X = Xel _I_X’i'nel
_ 2l a?m?(1+1)2
- ST

min

_wl_ﬁwE2
y_E’_me

184.15
(2.718)1/2Z1/3m,
, 1194
(2.718)1/222/3m,,
L [u}mQ(l—i—l)Qr
mme T | 2B(E —w)
GQ(OO) = Z2+Z

a?m?2(1+1)2 .
a?t . +1

min

— 1} +Z {log

22

1+ 2

f(z) = 1.202z —1.03692% 4 1.008

000000000000 4)0o0@ooo0oo0oo0oo0oo0oooooooOo
gbobooboooboobobobooooboobobobobooobooboboboooboooobobo
oboobobooooon

GEANT4000OO00O000O0ODO ADOOCOOOOOOODOCOOOOOOODOO

EYpt:EXpt at Target w/ HES Trigger

o
o
<

EYpt[mrad]
o
o
©

03k 00000000000 ooooooooooo0ooo oo ooooUoooag
mrad0 000000000 mrad D000

g3sboboooooooboobooobobooobbbooooobbooboobooooob
gobooboooboboobbooobbooobooobobooobboobboooboooboboo
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000000000000000000000000000000HKSOO KTrOooooooo
OOHESOOOOOOOOOODOOOOOOODOOOODOOODOOOOOOODOOODOOO
O0000AOODODOOO0ODOO0ODOOO0O0ODDDOO0OOOOO0ODODOO0OHKSOOOO
O0000D0000O00D00000HKSODO GeantUOOOOOOODOOOOHKSOODOOO
gboooboboooodgd
ADO0O0ODODQOOO0OODOODOO0O0 35700000000 0000O0DOODOOO0O0ODOD 3.5.9
OOOOHESO Splitter OO00ODODOOOOOOCAOOOOOOOOODOOOODODSOO0ODOODO
gboboboobooooboooboobobooobobobobooobobobooboboboonoobooono
oooopoouoooboobooono MelleeDOOODO0OooobobbooboobobbDOobDUODLO
0000000000000 0000OCO0000DOOCOO0O0dOOENs-11500 ADODOOOD
00000000050 00000000S/NOODODODODODODOODODODODOGEANT400000O
gbooboboobooboboob ss10b000nO

O0O0OHKSOO KTOOODODOOOOOO0OO0OO0OO00O (0358 00000EK05-1150000
gboogoooog

Rpos = Rgo1x(Ratio of HKS Acceptance) (3.11)
8[msr]

~ R 3.12

15[msr] 0L (3.12)

Rpos 0 E05-11500 KT OOOOOOOORE O E01-01100 KT OOOOOOOOOOOES-
1150 HKSOO OO GEANT4O00OOO0ODOOOO

0 357 E05-115 A00000000000000000000000O00 100 mg/cm?0A D0
00000 100nb/st DOODOOO

Target(Beam Current : 30 A ) E05-115 A0000000 [/hour]

"Li (Beam Current : 15 pA ) 32
1B 44
120 37
1Ca 11
Sy 9
2Cr 9
89y 5

000000000 HESOODODODODOODOODOOOHKSOO KTOO0ODODOO0ODOoooooo
O00000000 2nsec000000

BG.rate = (HKS Rate) x (HES Rate) x Coincidence Windows(2[nsec])

goog
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0 3.5.8 E01-01100 HKSOOO KOOOOOO 40000O0O0oo0D 30pADDDODOOO
100 mg/ecm? 0000

Target Ry [Hz]
°Li 307 4 98(sys) + 4.1(stat)
TLi 447 £ 144(sys) £ 5.5(stat)
Be 619 4 195(sys) & 8.0(stat)
1B 373 4+ 118(sys) & 4.2(stat)
12C 193 £ 49(sys) 4 2.0(stat
28Si 140 + 35(sys) & 1.5(stat
Ply  86.5 + 27(sys) £ 2.7(stat
89Y 100 4 29(sys) + 3.4(stat

~— [~—

~—

~—

0 3.5.9: E05-1156000000000000000O0

Target( Beam Current : 30[uAl) ‘ HKS K* rate[Hz] HES ¢ rate]MHz] B.G. rate[Hz]

"Li(Beam Current : 15[uA]) 119 0.28 6.66x 1072
108 199 0.48 1.91x1071
2¢ 102 0.56 1.14x1071
40Ca 70 1.62 2.27x1071
%2Cr 46.1(V51) 1.78 1.64x107!
89y 53.3 2.65 2.84x1071

0 3.5.10: EO5-11500000000000000000

0000oOooooon 2.344 GeV
ooooooo 30 pA(Li7:15 pA)
ooooon 100 mg/cm?
HESO HKSOOOOOO 2.0x 1079 sec
Ktoooooo 0.3
Ktooooo 10 m

tilt O 6.5 °
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By = \/(Bi + M; — Ex — Ee)? — AP?2 — Ma1y — My

AP? = AP+ AP, +AP,? (3.13)
AP, = —P.,— P, (3.14)
AP, = —P., — Pg, (3.15)
AP, = P~ Pe;— Pk (3.16)

O00U0D00bo0bob0oobuoob PP+ 00D00ODOO 351035100 0000O0000
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O0D00000000 [7]00000 *2Crd Bydzovsky 00000000 31100000000
0S/NOOO311000000000000E05-1150000000000000000000
0000 ®Ccr0000000000 3.120000



3.5. E05-1150000000000

Ly -
0 12 o E05-115Pe'vs PK
LL! ;e Beam energy 2.344 GeV
I_ j 9 1 : e : :
: R e
=1 L o095 | NG e
JHH ] 0.9 ;_
Lr ] C
ﬁﬁ ] 0.85
= 0.75 ;‘
s s 5 5 8 8 8 8 o T 105 14 1.45 1.2 1.25 13 1.35 1.4

PK[GeV/c]
L E
] N E

L I

)

\/

I*
‘I_‘
I}

LA 1 W g L -

03.10: 000000000 KYOOODOOODOooOoOoo

140
3 2Cr(y,KH)%V
= 120 6~
Gl ) E=1.3 GeV
0o —0 +
; 0,=3 5 = 7 6
:g 80 04
2 +
w0 gof 4
0 4~
w
S 4of
© 3
& 20f
A |
0 T | MR -
-25 -20 -15 -10 -5 0 5 10

Excitation Energy E, (MeV)

0 3.11: ®2Cr cross section 0 0 00 [7]



38 030 000000 E05-115

Expected Spectra of Crb52 in EOb-115

| HES:+HKS 6
000_..Taﬁggt..;..Q.r.542.....4......4....; .....................................................................................................

i Beam Corrent : 30[1A]
| Time : 6 days[144 hour]

8OO S RRs ST

Expected Counts[/100keV/144

=20 -15 -10 -5 0 5 10
-Ba[MeV]

0 3.12:2Cr000000000000 400 keV(FWHM)O Data Taking OO OO 1440000
googooobogn
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O 4.2: E01-011 0000 EHODOO OO
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oobooboobooboobooobooooooboooooboooobooobooobobooboobo
gboooboobooboobooon

OO0O0DEOS-11500000000000000 EHODOOOODOOOOO

0 4.1.1: E05-115 EHODO O O

NAME  Sensitive volume [mm?] Construction

EHODO1 1170 x 300 % 10 50" mm x 29 segments PMT:Hamamatsu H6612 ¢1.5 cm
EHODO2 1170 x 300 % 10 50" mm x 29 segments PMT:Hamamatsu H6612 ¢1.5 cm

0430 E05-115000000 EHODO1OEHODO200000O0O0O0OOO 4.1.10 EHODO
gooooooo29gboboobooobobobon

o000 EHODODOOOODOOOOOOUOOOOOOOOOOOOODOOOODOOOODODOO
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TOF2X vs TOF1X grouping study
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WC2 vs WC1 grouping study
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Family APEX20KE
Device EP20K300EQC240-1X
Package PQFP
Pin count 240
Speed grade 1

Core voltage 1.8[V]
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Assien Pins

Select a device pin and the type of assignment you wish to make. You can alzo make pin assignments in the Assignment Editor and the
Flaarplan Editor. You can reserve unused ping on a device-wide basis with the Unused Pinz tab in the Device & Pin Options dialog bax.
You must perform a smart compilation on the design before routing SignalProbe signals

fvailable Pins & Existing Assignments:

Number:

10 Standard: | Twpe:

SignalProbe Source Mame | Enabled | Status

Chanee Delete

] TTL fip ]
3 ECLO1 3 LVTTL Fow IO, LVDSRX] fin Off
4 ECLOZ 3 LVTTL Row 10, LWDSRXI5p Off
7 ECLOZ 3 LVTTL Row IO, LVDSRX13n Off
g ECLO4 3 LVTTL Row IO, LVDSRXI1p Off 2
0 ErInR a VT Bewn 1AM TVTSEN M i b/
< | &
[~ Show 'no connect’ pins r
Azzignment
Pin hame: |ECLOD ..
140 standard: |L\.-"I_I'L j T |
[ Beserve pin {even if it does not exist in the design file):
‘F\s input tri-stated j |

o]

Cancel

0 B.2: Quartus2 Pin Assignment
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Text Fil

(0] 4 | Cancel
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0O B3: Quartus2 000000000 OOOOO
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B.7 OO0dooodd

B.7.1 Hold time and Set Up time

CLK

P & hold time

set up time
Q l w7 TRD A DI,
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module trigger select

{

1:

/¢f {{ALTERA ARGS BEGIN}} DO NOT REMOVE THIS LINE!
EH1G1, EH1GZ, EH1G3, EH1G4, EH1GS5, EH1G6, EH1G7, EHI1,
EH2G1, EH2GZ, EH2G3, EH2G4, EH2GS, EH2G6, EH2G7, EHZ,
zlk, reset, =seld, sell, outl, out:

/¢ {{ALTERA ARGSZ END}} DO MOT REMOVE THIS LINE!

ff Port Declaration

parameter INACTIVE = 1'b0O;
parameter ACTIVE = 1'hl;
parameter MAXCOUNTER = 9;
parameter COUNTEREITS = 4q;
parameter MINCOUNTER = 4'khOo;

/¢ {{ALTERA I BEGIN}} DO NCOT REMOWE THIS LINE!

input EH1G1, EH1GZ, EH1G3, EH1G4, EH1GE, EH1Ge6, EH1G7,
EH2G1, EH2GZ, EH2G3, EH2G4, EH2GL, EH2Ge, EHZG7,

input clk:

input reset;

input =e1l0;

input sell:;

output outl;

output outd;

df {{ALTERL IO END}} DO NOT EEMCVE THIS LINE!

reg outl , status;

reg [COUNTEREITZ-1:0] counter:

reg logic:

wire [1:0] Sel:
assign Sel = { seld , sell }:

0O B.9: HES trigger logic 0 0 0O

EH1,
EHZ:
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alwayzs @ posedge clk or negedge reset | hedin

if| ~reset | bedgin
logic <= INACTIVE:
outl <= INACTIVE:

counter <= MINCOUNTEER.:
end
elze bhegin

case | 3el )

2'kh00 : logic <= [(EH1G1 & [(EHZGL|EHZGZ2)) |
[EH1GZ & (EHZG1|EHZ2GZ|EHZG3I)) |
[EH1GS3 & (EHZ2GE|EH2GI|EHZG4)) |
[EH1G4 & (EHZG3I|EHZ2G4|EHZGE)) |
[EH1GS & (EHZG4|EHZ2GS|EHZGE)) |
[EH1GE & [(EHZGS|EHZ2GE|EHZGY)) |
[EH1GY & [(EHZGG|EHZG7)):

2'ho1 : logice <= EH1 & EH:z:

2'b10 : logic <= INALCTIVE:

2'hi1 : logice <= ACTIVE:

endcaze

if | counter >= MAECOUNTER | begin

outl <= INACTIVE:
counter <= MINCOUNTEER:
end
elze if( counter !'= MINCOUMNTER | begin
counter <= counter + 1;
end
else if| logic & ~status ) begin
counter <= counter + 1:
outl <= ACTIVE:
end
el=e begin
outl <= IMNACTIVE:
end
status <= logic;
end
end
assign outz = outl:
endmodule

0 B.10: HES trigger logic 00O OO0OOOODO
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O B.11: HES trigger logic 0 0O
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