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1. Solenoid Problem
2. fringe function for QD
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Solenoid Problem

Solenoid B-Field from OPERA is not loaded properly

1. A variable is not correct
   : Their name is given by GEANT4
    Correct : (x,y,z) = (Point[0],[1],[2])
    Current code : (Point[0],[1],[3])

2. The field range is wrong
    Correct : -0.7m ~ 1.3m
    Current code :  -0.3m ~ 1.3m
    (Values are also shifted)

NOTICE : Problem!!

correct value

shifted value

Solenoid
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Solenoid Problem
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3. Direction of the B-field is the opposite
      Before : Bz=+0.6T (positive)
      Current code :  Bz= -✩T (negative)

Before
(from Genie)

Current
(from Jung Woo)

Comments from Young-Jin Kim (IBS)
LAMPS meeting 2013.05.03 
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Solenoid Problem

[Current GEANT4 Users]
  1. Myself : FPD simulation - Solenoid field is turned off ⇒ OK
  2. Eunah : Neutron simulation - not affected by B-field ⇒ OK
  3. Yeonju : Not only neutron, charged particle included simulation
                  - She is using the old code (constant B-field) ⇒ OK
                  - It would be better to use OPERA
  4. Jungwoo : TPC simulation ⇒ NOT OK!!!

� Are the up-to-date simulation results reliable? (2012.12.28~)

� Solution
: I have fixed the problem for my code (discussed w/ Genie)
: update on the svn soon (http://nuclear.korea.ac.kr/websvn)
  (planning to work with Jungwoo)

http://nuclear.korea.ac.kr/websvn
http://nuclear.korea.ac.kr/websvn
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Solenoid Problem
� Question

: Is the field map symmetric? 
: Which configuration?
   (Solenoid / Yoke&Solenoid / Yoke&BumpSolenoid)
: Is the solenoid inner diameter 1.8m or 2.0m?
: Is the fringe field outside not concerned (∵Yoke?)

Dogyun Kim(IBS)
 LAMPS workshop 2012.12.16



30th May 2013 lab meeting

  

6

Configuration

10cm

34cm

� How to cut the field region (z’)?
  : Q & DP field region should not overlap (distance ~1cm)
  : At the same time, both Enge function value rather be similar

� No cut for inside the magnet
� No fringe function for the entrance region of Q-magnet

[07_LAMPS_QD_130401_fringe]

(vacuum)

(vacuum)
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Enge Function
+ Q

+ DP

z’(mm)

F(z’)

z’=10cm, F(z’)~0.14

� for Q : 

� for DP : 

z’=25cm, F(z’)~0.99

z’(mm)

F(z’)

z’=34cm, F(z’)~0.18

inside outside

inside outside

F(z’)
comparable

[130513_engeFunction]
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FPD position
[07_LAMPS_QD_130401_fringe]

[draw_xPos_zPoz.cc]w/o fringe

w/ fringe
(for checking)

w/ fringe
(determined position)

� x-focusing seems improved
   with the fringe function

not easy to find 
the focal plane
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FPD position

[07_LAMPS_QD_130401_fringe]
[draw_yPos_zPoz_minTime.cc]

- central trajectory : proton with KE = 20MeV (p=194.7MeV/c)
- 7000 protons : 1000 protons for each δ (Δδ=5%)
- fastest hit on FPD only
- momentum direction random ( x’≤50mrad, y’≤50mrad )

w/o fringe

w/ fringe

� y-focusing also improved?

δ=-15% 15%0%

δ=-15% 15%0%
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� Need to check the current QD system more 
  : calculate resolving power
  : other study for FPD simulation

� From Dr.Yun (Last discussion at HIM meeting)
 : focal plane width 1m & momentum acceptance ±20% (not 30%)
 : To improve the focal points,
   need higher order multipole element?
 (In case of MAGNEX, surface coils on DP)
  : change the Enge-function parameter?
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Matrix

KE=20MeV
(194.7MeV/c)

KE=14.5MeV
(165.5MeV/c)

KE=26.3MeV
(224MeV/c)

� HeGas for ExpHall & DP (for track visualization)
[07_LAMPS_QD_130401_fringe]



30th May 2013 lab meeting

  

13

NOTICE!
� rndmKE <- not random at the moment!
   (for useRandom 2)

[07_LAMPS_QD_130401_fringe]
[rigidity_numbers]
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distance ~1cm

q_z’=0.1m (F=0.87, 0.18)
dp_z’ = 0.34m (F=0.85, 0.14)

(파란 영역 간 거리 중 가장 짧은곳이 
0.10223m임)

Here!
(zp, xp)

x=-0.2m
x=tan65(x-3+dp_z’/sin25)
두개의 접점이 (zp,xp)

dp_z’
q_z’

d=2.10223
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x vs z

� FPD (07_LAMPS):
 same position w /05_LAMPS

[07_LAMPS_QD_130401_fringe]
[draw_xPos_zPos.cc]

� FPD  (05_LAMPS)
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x vs z
[07_LAMPS_QD_130401_fringe]

[draw_xPos_zPos.cc]

� FPD : x-8cm : detemined!
� FPD : x-15cm
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QD system (GICOSY)
 1.5m ->Q-> 1.0m ->DP-> 0.5m*6 -> C
 *Q : L=50cm, full_a=40m, B=-1.42T/m (y-focusing)
 *DP : θ=60°, half_gap=20cm, w1=2m?, w2=2m?,
       R=1.8m, B =-0.36T, β1=-25°, β2=-25°

* 2nd order calculation
* angular acceptance = 50mr, 50mr
* momentum Range = ±15%
  (corresponding KE Range ~ ±30%)

[04_QD_130401/GICOSYIN_2_drift.DAT]

[top view]

[side view]

Q

DP

KE=20MeV
(194.7MeV/c)

KE=14.5MeV
(165.5MeV/c)

KE=26.3MeV
(224MeV/c)
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FPD Simulation

δ=-15% -10% 15%10%5%0%-5%

- central trajectory : proton with KE = 20MeV (p=194.7MeV/c)
- 7000 protons (1000 protons for each δ)
- fastest hit on FPD only

1.7m
 (too wide)

0.6m

x (mm)

y 
(m

m
)

[05_LAMPS_QD_130401(B_QisWrong!)]

* for constant B field
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FPD Simulation

- Gaussian fitting
   σ ≃ 2.4 cm ⟸ too large!

- Dispersion D = 4.26[cm/%]
- Resolving power R ~ 180 ⟸ too bad!

δ=-15% -10% 15%10%5%0%-5%

x (mm)

[05_LAMPS_QD_130401(B_QisWrong!)]

* for constant B field
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Fringe function
� Enge Function :

 where D = gap parameter (=half-aperture)
           z’ = distance from the effective field boundary
           an = parameter for the nth order polynomial

Bmax

EFB

z’

half Bmax

inside z’<0 outside z’>0

B(z’)

z’=0

F(z’)~0.5

F(z’)~1

F(z’)~0

� B-field is defined by   B(z’)=Bmax×F(z’)

1. D = 200mm for Q and DP both
2. an = extracted from the GICOSY 
            (This is default value)

3. z’ = give a cut (see next slides)
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Quadrupole 

0

0.5

1.0

1250 1500 1750 2000 2250

Quadrupole Magnet

F(
z
’)

z (mm)

F(z’)min~0.01

F(z’)max~0.99
F(z’)~0.90

F(z’)~0.10

� B-field w/o fringe 

� B-field w fringe 

z’=0 z’=0

N

SN

S

B field

x

y

Field gradient

B
x

=
@B

@y
· y

By =
@B

@x

· x
K =

@B

@y

=
@B

@x

B
f

= B · F =
q

(FB
x

)2 + (FB
y

)2
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Dipole
� B-field w/o fringe 

� B-field w fringe 

 : different Enge function
for Q and DP

By = -0.36 T (constant)

+ Q
+ DP

F(z’)ent

F(z’)exit

Overlapped region? 
B(z’)=Bmax×Fent(z’)×Fexit(z’)
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Matrix

F(z’)ent

F(z’)exit

Bmax

Here!

z=2.5506
x=-0.96370

(x-1.8)^2=(z-3)^2=2.8^2
x=(z-3)tan65deg

원식과 직선식 바로 연립한 결과들 ㅇㅇ
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Matrix

F(z’)ent

F(z’)exit

Bmax

Here!

반원식 이용
x=1.8-(2.8^2-(z-3)^2]^(1/2)

z=2.55062
x=-0.963699

그 z값을 직선식에 넣음
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Matrix

F(z’)ent

F(z’)exit

Bmax

Here!

두 직선의 접점
Solve[Tan[65 deg]*(z-3)==(3-
z)*Tan[5 deg]+1.8*(1-Cos[60 
deg]+Tan[5 deg]*Sin[60 deg]),z]

그 z값을 ent 직선식에 넣음

z=3.46433
x=0.995759

그 z값을 exit 직선식에 넣음
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Matrix

F(z’)ent

F(z’)exit

Bmax

Here!
반원과 직선 접점
Solve[1.8-(2.8^2-
(z-3)^2)^(1/2)==(3-z)*Tan[5 
deg]+1.8*(1-Cos[60 deg]+Tan[5 
deg]*Sin[60 deg]),z]

그 z값을 직선식에 넣음
Solve[x==(3-5.61813)*Tan[5 
deg]+1.8*(1-Cos[60 deg]+Tan[5 
deg]*Sin[60 deg]),x]

z=5.61813
x=0.807325
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FPD Simulation

- ideal θf vs xf should show vertical lines
- need some correction (hardware & software)

[05_LAMPS_QD_130401(B_QisWrong!)]

- for constant B field
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Matrix elements

R22

T126

R16


