"H#$9%&'()*+,,%-./01.0%23456738%
H$+1"069.:3:04<%!"#$%
-=()<%>01?3%@A45<%)(

"#35%#&'($)*+,($-".(.-/.2%#01+0(
)2-3&".)"(3#1+,

4-5"&A&E+-3-5/ (856(9)0*(:#/)56(-")"< (
=)*-3+5*# 6(>.)5(?#,.-()51(7)00+5(9#0-((

@>A8BCA8>(

. DEBDFBGEDF SLACLA
v - . UCLA
©SeinAC PICK@p UC

Scieatific Discovery through Advanced Computiag http://picksc.idre.ucla.edu/




O#1J)I#5

of I"HSUHH&' ($)*+(+KL-"+1(M<()K-)"%,<33+'0-L (M) 3,
| -5+)0"<(NH#L&,-5/(O#1PE( b, = -
| 10)5,J+0,+"<(&5-N#03()LL+"+0)I#5(O+"1(

| 14+)3,P()"-/53+5'(+00#0,6(),<33+0-L(,.)Q+

L 194#1-OL)I#5,(‘#('.+(R9(O+"1,( 5=0.52m

Region| Region Il Region lll

| 1S5,")M-"-145

D7T(A&(+' ()" TE(UVAWX6(DXYEEG(ZGEEX[\(
(OT{2#&NOY+'()"T6(UVA(DED6(DAYEEG(ZGEEF[T(
G)J-1(TE.-&3 (+'()"T6(UVA(XHBE(WWD(ZDWWD[\((
>T(:&)5/(+'()"T6(UVA(WW6E(GYYEEB(ZGEEH[\(




O+ #1

m=0, SE-(p-JZ/C) [npe]

)K-)"%,<33+'0-L(M+)3,
I

-5(>)0'+,-)5(
L##01-5)'+,(

ol

y [c/w
o — N w EAN (6)] (0))

-5 0 5
| X [C/wp]

m=0, SE-(p-JZ/C) [npe]

/(©@n)

-5(L<"-510-L)"(
L##01-5)'+,(

o == N W ~ 0O O

1
—_




O+ #1

m=0 and 4, SE-(p-JZ/C) [npe]

/(27)

1 )

)OM-"0)0<(M+)3,P( 08 ‘) L#,Z7g|
| 1 "#5/9'0)5,(L#00+")1#5,(Z3cD[( =06 (
| 1 1-d+0+5'(,Q#'(,-2+.(Z3cG[( g . |
| 1 .-/ +0%#01+0()2-3&".)"((L#3Q#5+5" ( ' “
Z3ef[ 0.2 (
+! 0 !

l (z,y) = Z [ mc(r)cosn” + ! s (r)sinm”] 0 : r[C‘/‘w] °

m =0

Lo =4 v ow oA oo

o N~ O



O+ #1

YJOM-'0)0<(M+)3, DT(].+(3cE($)*+(NO#3(".+(3cE(M+)3,(

m=0, SE-(p-Jz/c) [npe]

GT(.+((3eD(R(O+"1,(
NO#3(".+(M+)3,(

! o = N W b~ OO0 O

fT(.+(Q+0'&OM)I#BO, #N('.+(-#5(L#"&35(M#&51)0<(

oS [npe]

e j Y OO BT
N ) \ L) ('O&L'&O+(G, (M), +1(#5(( |
%o | Bl POGHLLEYH s

0.2 () -4

0 ] -6

0 2 4 6

r [c/wp]



].+(R9(O+"1,(#N()OM-'0)0<(0+")1J-,IL(M+)3,

| G_(U#-, #5(+j&)H5P(21 = " »

1 1 dlg .7 — —
(((($-.(-+(hO++5K, (N&BLIIC(r.9) = [ o5z [ (7= 70)
F!
ol >)0/+(1-,0-M&I#5PEo.yo) = !m(ro)exp(im”o)

DO(NO#3(".+(,#&0L+(0+/-#5P

o+

1: ' | cosn”
r(r)n+1 drORe[! m]

— rodro! o +
Mo m=1
"' sinm®
I
E! —
rm+1
m=1

B =1 E/,B = E;

E, =

rm+1

+ !

r(r)n+1 drORe[! m]




].+(R9(O+"1,(#N()5()0OM-'0)0<(0+")13-,IL(M+)3

1$-".()(10)5,J+0,+(#d +P(z0) = puer |~ 3~ L]

202 202
# Xp ™ Xp P
( E(r,") ! b(;$ 1+ —b cos B+ —sm 'O whenr" $

I 13- (1 d+0+5(Q#( -2+ Pz, y) —pboexp( z” y2)

2 2
202 20y
n #b0$ $ $2 ! $2 . $2 " $2 . \
E(r,") ! % 1+ Xr—ZCOSZ' B+ sz sin2’ 9 whenr# $
N 2 — - —
A:pboa =4 A_pboaxoy 4, ox/ay 2
2 ) : 2 ; : ‘
_Er,mzo _Er,m=0
_ 15 L - — Er,m=1 at 9:0: Xb=0_5c/wp | . 15 L - Er,m=2 at 9:0 0:0.5C/wp |
QQ “"Er,m=1 at 6=0: xb:o_zc/wp QQ ---.Er,m=2 at 6=0: 0=0.2C/wp
3 3
o 1 o 1
£ £
L L
0.5¢ \ 0.5¢
\\
\‘\.NI _____ \\
0 e it Ty A 0 ————— |
0 2 4 6 8 10 0 2 4 6 8 10



HS(H(#"I+()(BCE(M"H#SHE ($)*+

(a) (r, £) Phase space

: 10.0 _+,LO'M+('_+('O)m+L'#O<(#N()(
5 M#&51)0<(Q"),3)(*

:’i 1.0 P'ddit!:!(Er!!zB!)

° 0.1 . ,
. 0 g(cl(l)p) 10 . =1 %r +(1 l lz)@l %(1| !z)ddifzor
I s o ;
R =ty = ey O
ol . - A
= of —— [>A(rb)ﬁr2b + B(rb)rb<d—z’> + C(ry)r, = %

’ 2 r@do) 8
| 2 " E,! B =! Wé?f) :%r
TP =S #(p#Jz){ ou(r, &
E. = ’
$-+O+ | I mnm n AZ 3§

D7T(A&(+'()"T6(UVA(WXB(DXYEEG(ZGEEX[T



].+(Q+0'&OM)IH#5(‘#(. +(-#5(L#"&35(
M#&51)0%80,
m=0 and 4, S=-(p-J /c) [n el _+,LO-M+(".+(Q+0'&OM)I#5("#(

1 ~ =" H((O)M+LHO<HN()(MH&51Y0<(+

P (Er! 1,B))

3 dt
2
’ &50Q+0'&0M+1(p(Q+0'&0M+1(Z,3)™
0
p | J)0-)I#5(#N(E(R9(O+"1,(
3 - (RI(O+"1, 1&+('#bQ, L#,39
N - U
S5(.+(n, .#0'(Q&",+("-3-'0Br” =~ 0 (F, +6FE)f
( _+_ wo)z ( 0)
+00 m+1 \|
1 Jo g T droRe[np m) |
m,C 1 wO rga—}-l :




. +(Q,+&1#%Q#+51)'(, (NO#3T,

ol .+(Ut-, #5(H&)HSHN( (PY2 = S = —(p— J,)

10 0 m2 v v
[> U — U = S, 6($.+0+R) = Ymcosme, S = Smcosmé
rOr Or r2 m =0 m=0
0S [n_e]
1 | P 6
<; l4 :
0.8 )
{w 12 — 4
—~0.6 ! Dn
Q ) 10 <
< 0.4 ( P 9D 2l
0.2 () L#,239 [ I-4 0
° 5 l 4 5 -6 0 2 4 6 8



].+(Q,+&1#%Q# +5I)'(; (NO#IE, P('.+(L#5,'0)-5'(
NO#3(".+(L#5I5&-'<(+jT
o 1. 4+(U#-, #5(+j&)|#5(#N{ (PViy=S=—(p—J,)

10 9 H H
=y, — meS 6($.+0+) = Ymecosmé, S = Smcosmé
ror Or m =0 m=0
17, +(L#5I5& <(+j&)|#5(#N( +(L.)0/+(
_E[ (p—Jd2)]= Vi ad,
| 180+002:38)'(+K Q)5 #5§§— 25” " o
(((((S5'+/0) +(#J+d$ P( rdrs,, = m oL Slned ;
e 2
([ ([ /
5]5+5(3CE6(d£/0 rdrSy =0'! /0 rdrm?o.(3 \ 520 ;
S04 /
1 1$5.+5(3eD6($+(5++1(#(3)*+()( . i ;
L#55+LI#5(M+'$++58()516, T( | \ ’
CI"($#0*-5/(#5(".-, T( % 2 4 6 °



|.+(Q,+&1#%Q#'+51)'(5

10 0 m?
__T_¢m — T_2’¢m — Sm

ror Or

whenr ! re(!),Sm =0, then " n(r,!) = Cn(#Hrm, rpo)r™

851(".+(3 " (RY(O+"1,(-5,-1+(".+($)*+P

E! m T a! B! m = "# [" m.,c (r, #2cosm$]

m" 1

=" mcny (#r coa$B" sinm$P

1] % (1]
Ezm = 5 J' m(r, #coms]

"d%d%rm

7 coan$

_11(rA)) | 11A

! =(Ar™ + Br™ YHsinm"
rlr r!"




>#3Q)0- #5(#N(gON+'$++5(
-3&")1#5,()51(N#03&"),

in the witness beam region

6 0.3
K, r --=-Sim
- = Ana
e 0.25 A
N\
.2 \\
0.2 [ \‘ \
- [11]
o = . s&-L*USB+,&",
| v“ \
S. 0.15 >
o " \
eE w A“‘-.\‘ \\
Z
T 0.1 e
mcm, \d\‘_‘ S
\__L\ N
- 0 0.05 e S
e
-—2 0 L ‘ , '“"’Frn-__‘, .
4 -15 -14.5 -14 -13.5
- [C/wp]
+00  m+1
57‘” n 1 A " - 1 fO To d’roR,e [nb,m]
m,c "9 YIm,c ™ m+1
1 49 149 1 4o Tvo

9T(2#&N0B(+'()"T6(UVA(DED6(DYEEG(ZGEEF[



C-3-")0-1+,()51(1-d+0+5L+,(M+'$++5(3+")"
Q-Q+,B.#"#$(L.)55+")51(M"#S#&' ($)*+

~0: A?%8/80% B0
) 07
82A6CAY% 7322300317/ }DO:;O/O’ ?3D3F
7A110%

+KL-"+1(M<(3cE(

'0&L'&0+ QO0+N#03+1 Vet

Q+0'&0OM)I#5,(Z,)1,N<(

"_5+)0(,&Q+0Q# - [#5] )" (3(3#1+, 3eD(3#1+,

3+ #1 M#&51)0<(L#51- 15, "&1<("+(8.O#O"+(#N("+(
D> )#(8"+K)51+06(U.<,-L, (AN (L#"+L1J+(M+)3(-5, YM-"-I+,(-5(.-/.(+5+0/<(
JLL+"+0)'#0,6(DWWIT(
GT(IT(CL.0#+1+06(+ ()" T6(UVA(FG TDDHH(ZDWWWI[T(



! 8QQ"-L)I#5,(

I C'&1<(.+(/0#%".(#N(n,"-L+0(+3-")5L+()51(
+5+0/<(,Q0+)1(-5()(,)IL($)*+(

| C'&1<(-5,)M-"-1+,(

I C'&1<(n/+5+0)"o(M+)3("#)1-5/($-'.(.-/.%#01+0
3#1+,((

I E



S5, )M-"-1+,(-51&L+1(M<(".+(.-/.(#01+0(3#1+,

ZD[BCDP(.#,-5P( —
PN A1 Sro = A1 y Region | Region Il Region Ill
LR T by T rE Ly

E, o+a! By 1="c("re,rp)k
#2X 4, 1#$b#xb 1 ‘. = Ce("r1, rvo)

( P w2 TS Es Bs 2% $s
ZQBcGH&)10&Q#"¢5," )M-"-"<(
// >‘ 1 )‘ 1 2 2
ory + ""bo ¢0 ""bo T (a ay)
Eyo+a! By =" 20("r1,rpo)XB+2C("r1, o) y¥
| !2"X+ 1" 4c,, = %,
s 2, ©  #"3
12y , 1+dc, _ &y D)J-1(:TF.-&3 (+'()"T6(UVA(XHE(WWD

2 2 A >T(:&)5/(+()"T6(UVA(WW6(GYYEED(ZGH



S, (".+0+()(hO++5k, (N &5 L5 ({ (€L CC€C(((

ol UB(NH#O(M+)3,($-".(3CcE(L#3Q#5+5'(

| 1I3CE(L#3Q#5+5'(3#1-N<(.+(3)*+(,.) Q+RL

| 1]+ (&) H5HEN( . +(Q+0'&OM) 450,

( 5 1 A 1 f0+o° " HldroRe[ng )
(U TR S T

ol =+ (N#O()(M+)3($-'.(Q&0+(.-/.%#01+0(Z3eD[()2-3&".
L #3Q#5+5'
57 - 1 f0+°° "HdroRe[ng ]
m,c 1+ g pm1

o7 rettdroRe np,m)]

m“[ + Yo (&s))]

(5 o gs)

orm(§ > &) =



C&33)0<

| 7+()0+($#0*-5/(#5(1+I+"#Q-5/() (3#1+"(N#O(' .
5#5"-5+)0(M"#3#&'($)*+,($-".(.-/.%#01+0(
)2-3&')"(3#1+,T(

ol ].-, B#L+"L)5(+"Q&,(#('&1<(.+(/O#S$".(#N(

'+ (+3-)5L+6(+5+0/<(,Q0+)1(-5(,&L.()($)*+6(
'&1<("A(-5,I)M-"-1+,(1&+("#( .+ (L#&Q"-5/(#N(
-1.9%#01+0(3#1+,(#N(.+(M+)3,()51(".+($)*+6(
)51(,'&1<(n/+5+0)"o(M+)3("#)1-5/T(



! 1.)5* v



