¢ Brookhaven

National Laboratory
BNL-101666-2014-TECH
RHIC/AP/10;BNL-101666-2013-IR

Luminosity for Unequal Beams

L. Roberts

December 1984

Collider Accelerator Department
Brookhaven National Laboratory

U.S. Department of Energy
USDOE Office of Science (SC)

Notice: This technical note has been authored by employees of Brookhaven Science Associates, LLC under
Contract No.DE-AC02-76CH00016 with the U.S. Department of Energy. The publisher by accepting the technical
note for publication acknowledges that the United States Government retains a non-exclusive, paid-up, irrevocable,
world-wide license to publish or reproduce the published form of this technical note, or allow others to do so, for
United States Government purposes.



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any
agency thereof, nor any of their employees, nor any of their contractors,
subcontractors, or their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or any
third party’s use or the results of such use of any information, apparatus, product,
or process disclosed, or represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial product, process, or service
by trade name, trademark, manufacturer, or otherwise, does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the United
States Government or any agency thereof or its contractors or subcontractors.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.



"

LUMINOSITY FOR UNEQUAL BEAMS

L. Roberts

12/8/84

RHIC-AP-10



Wiﬁﬁ OW Ceasiyg - Do (e
Gow 0 Foa W %Wﬁ%&vfm%@

{ & Rty
(Decomle, 8, 1384)
Ahstract
Fa W M aﬁ@uﬁy\u@;{:ﬁ

Lo/ U 10 Brved) o £ho
W%AW‘&%W M

}mwﬁﬂm\&w@ﬁrc%: g(,gg, ﬁ;%d
Wzm%/\m% MW%&@



0
4 o +M

— N -
QAN B o Umoeosl Reamig
i

&,

o { f"ﬁ" -
P r oo T AR AMAANNQEL

[l
. P i o '
; vyt ) : i
Do We Gon 07 kaan W/M%

o

J [ o 7 !/ ; .
J ~ e _pOA ,L/U\/W AN ,t;'-«*vb LG ?

>l
’

A ML/ MY :

Fn aik Conca. of - k/leww Ww‘& ‘"E/L
' [
Jufww T8 A_/Ci Uv\,@M e N LA Q/u
Ao, JW\/&LUZJ‘L .

O
,L DMM .
O ..f~
mxt/wa L@Nl{ g) wm uww VWM*» A\ 7—5‘3
o
. Srs 3 o 3 A
depd vt BRell ﬁjle'\v“\ e &a— WL cZ w J% ﬂfvbv% I R
8 & -
) i d {" / ? ; —éw"‘"?ff.t“Q .
(O Chat 5 e Long o —g-/f\@ M&wu«but;j/\ T ol Lo o2
, Ol - I’:

"*fi_

e L} an A Uy dag A
,L/UWZ%«,%,Q L«QGWM, . F\ /A WUF{NW‘»G«m {/ Lol U A A

o o, ] . _
. o i (C o B A A
e o . ; ; y " 1o, 25%) AL A4 @._J./ LA -f‘
SoRERe R, ,[_e?;, T MMVMT. UL /""‘D Q. LAl L
{
LBRAALG

O Lo
‘4/ ‘«M«C/ [{L‘M . TY )&n . Q/’}L(y\'&ijg‘f\‘ ,,},&wﬁi. zl)u
-— ] © . R e
oo h,wut' 3l Moty ¥ Ll- {fﬂ

i
Piges)

! ! N " [
T g et US s éw"u,vxé«/é pv REILC

&,,:é,og,« pluitvod s .

-



- ’ . o ~ A ,Q s ' ) . : o {f‘
Da ogprasson wak e velld fa oo et gomtsd Coag

J

o o
gt oL mwen - o Geeng GO
o~

o

7 T P © —f

WL T AL ANV AN
JI R,

J‘Er ,ww'bmvﬂai,%«\/ﬁ.) :
>

o : 2)3) .
oghen 577 Cus F

_eulpunte -

harg
Tomtamdon, = She jtmmw% Ot Qm!la\mmL US— Fhp AL
2 V
= go 8
) . Qarelifron
'go = ‘?‘W& G“ﬁ % \
O
B= #cﬁ- M\Vef«u, /,ng
o \ V\é;’ 1
M, = o Paidielee [funcl, onbeam 1O
o
W%

@)



(i/\Aéz 2 -
+ R 2. i 4 o fiu
—-2.5; Oiz';.{j;z—z' J.?. 2. vL
|
Fo e 4s e G S I
B *’-aﬂ-“‘ggz'fa_z 5 2 f 3 z iz
cu/ { 2 ‘5"11‘ h L Nl ™ -
1 2/ J O:-{L{»{TXZ‘; (0’—;}‘ 522'}

T o - oA

.L V1 -4 ~, ] { { */P NI N
Rrsoon @) i Oao= S fumoly mgias

[ S S s o - O

» Y G;( o = Wbav(i&.« ,é,%/\,y\ W} = G
, ) O

W (L = Vodhmel homwn g = OV

= U T

G = J% + Gy 0o et
+ 80 ZS?_ 2 ciz/q
- T = 2

_ 2 S e A *"HZ] 3
— ;’,_3

@@311 o= ¢ 2 2 N1z 2 1) - O

f) . (U'Hi +6'H2> Cd‘vl +G\‘,:> <

o ! ’ i
e N\«\«OJZQ_ {;L,Q M &w.i/v\/‘vpj@v\ w é\g—&l

© 4 i Y
C"HLM\& Oy, (9.0.]&9/\/&@ on S m e MMW\;Q ooy

— . G_-X-Z 2 *2
UHV = H)\}Ci + S/GH)V> G_}j‘)

Las]

Se &M »6'(»0& ,W\.OJZQ &M ‘v&mm

Qs 6 g’ me

(27



A
i [« Y ’ 4 ’f ')/‘ f{': \a
| o ey @FMV\Q 8¢ 7_;;,0 el AN ,
R we. =L
[\
@R~ ]
oo 2 G«QOE% -é
1 25 [1 P RTIN
O dS € H{o +Gx;, ) o
e 12, x %2z = (S
@) (o +0%, Y (oFroryE |
1 ) 5 i ..i,._. pz Sl
< *?' *2' pa _}?'Z. ” «.,‘\
r = O,-Q% C)-H‘L O-H O:Q O.\) 5\:}* Y
onare. P = 2 n 1 L N
= AL wZ *Z ey T—r e el B
H,+ 0%, Bgi #y O"Jia-é'vz 6*’!. L L

—_ o By © - g 22
| he W Q@W Loy éﬂp\,xr\ NG N

/ 2l © o ! M | 5 O e
(,W 20 ugen  poitery Lo Csm\ N2 Lt ﬁu,y/a LA eL

2

2
1 =S P/
VPt < )

w—&bﬂ”m

i
. ~
FC: L 2 2 _tlz 2, 2 iz - “"*g,)
— % o,.% * % r\2{ A gN%E S .z
_!T(G-HL‘}’ H’Z ) Oﬂ\,l”!'g“\jz ) \yl + P iL%—}' 2 /’%CG%‘FG%?Z)



W M thia, PN eV (rosh '““QQ*}L

B
! .
F%m * *1 2y dlz ‘ ’ x 2 e —
\ ‘*~ H |
s H ) (o, +ov \YL + %7 ( ,.,:-;,,, 0'% G"i ‘5\)2 S
'-’((0';;* +5H- ) 6;{- 6 0‘ +
R 1 ‘*z ‘11 vz *T 2
< Lfcy“l +OH2 )
Now (o 2ol learmna @)
* * * * * *x * = =0y = *

°og” 2T Oy OfF J1+1 (_4;)2 1( —~ Qo) wjé"&"\ LW ad Omfwz@

zcr")

J AN RH‘IC"’L"}o

B we Grmpane efeoTona @) aml (10) wewawt f au

hows wat £hey approtnmey ehe opmct o readrova s . Fagpnoa 1t 4
s bt e, Pt Goods oppralustiona tote ofsck Glprestoena

Ch J-@o)



Noar wae (,uu.xjd ”)ﬁﬁ" Qﬂ:t" Lhoann 2. M@w«,&g Joan L KQ/L&JQ\ @Zw W 1

- ‘—‘4"' A ¢

%- D‘} Mx@é\ Ly A_Q,{ é‘::;@./s\l.m,ﬁ‘/\}v“ Y\ ¢ L(/L“i\@’ N\

amb) 0 y
eiflone 2 RS S @) and)

i : o O o £ OIS fo . - . ;‘{ & ( s
yoath ;N«"v'wv%ﬁ}i AV QAAQD , 1 Slewly u'\,.i)'\i‘» G, s éier HALD, Ked
>
(3"‘% =G 0** = Jy o G u)_(ié_p z Cole, !
Hy = H y UV T Yy . Ve Lov L .

@) Ba ot Fromed o o Crealug pefudt menchawoy ag 1o fo oy

i3 3 % ¥ L *® -
— —— -y [ - : G’ SG
@“1" Bﬂa = By ) ﬁ'”’i" l-éx,z = By, 01 =% =52
! 1
F = .
%‘\ m CG* Z+ O‘H*Zz )1"2(6-\;* Z O'VZ LI Z (L 1—\)

Jl-}-d/zl( 1‘0}&/5 +d01/;-CGH +GHZ)

whish EwmmabZadily - ahovia, bl fon on, OV, < 6 0T ok o Rwell Gurww\zg
avole [ OMINGRTITY TNCREASES.

b) Rla e met Tmed ot the Greeans. Poont amds funch Mff\& ang el

~ L , 1

Fp N2 L2,

T WG 4 ou’ a? 1 T ———
9’) ( H ) C(‘f' \'z >12 i'f' 0—4 , a-”ﬁ O;-'*Z Oiz G*'Z. 0'*2 01\26‘ 2 o ——

2(5; +G’H*z> 8*::, %z T *i + porm v 4+ VY, . -0
EHZ (O‘v Ny ) 6*2 &*z + X2 2

. o O 6 Vz Z(GH + 6;"2 )

M jybwwkk LS EHZ ) \JZ —> O OM tk[) Bl 4 Qna {3"‘7{"? ,&’ . f'l’?\’)
} Ly

)



£ o

1 K
Fopn — - -
I e T X3
v \) i + G:Q//Zﬁ;‘é -+ (T:Q.L/IZ ﬁtz’ -+~ C(IG:er’/v T 2 ! qx_g g )
S LOy

OFon sz«\,flﬁ.ﬂ,?w\zg\ W CL §> b)) (g C)) (O e 220 - ﬁ‘j %ji
u ’ -
@nﬁ%& Coan £l LUMIM@SITY TNCRE A8 S alae.

(1)



Ra,;u enCe s !

D) L8 RobertS  Rure-y Aogost 29, 1984,

2) Lania\)) L.A:glu-sz uC,Ia&SzC&I Thw(‘j o4 Fletc],.S)”
AddiSon— Wesley | 1977 R ge8 24-26.

2D L. Swith , PeP- Kote- 20, Laws Cence Eefke[ey Po.JtonoV;
L&bsl‘af}‘éf’j ) ic[72.



EXACT /APPROX IMATE

el RO 0T sl bogwd,
207 v §
H
AL = e |
*f}f%’:;:'::.:':, = SIS P Atavpa_
2 J%:’w-aﬁ;a ¥
1.2 /
y AL=0.0 _
BETA H*/Ve*=1.
1
009_' '
0.8 -
0.7 - 4\ /
0.6- BETA He®/V*=10. BETA He®/V+*=0.1
Maz ol
0.5
0.4 — O-Hli'o-“? C'uiBM,_ B:" 8‘& *2
' 0‘\1’24. - Bv,_ Bv !5"4»8"20-*1
0.3+
o Dmoq ol M
0.2 - RPN
0.1+
0 [ T | J ¥ | |
O 0.2 0.4 0.6 0.B 1 12 1.4 16 1.82 222.426283

SIGMAL /BETAH*

oR
244 * g 11'2.
% O, 0':12' )
D Bt — ¢
Peteaily (o ") o onepesl Boama
bi /



EXACT /APPROXIMATE

AL

o . e

1\»
20y

Al

Fyvs
L Ao

i

0.6 -

0.5 -

0.4 -

053 -

0.2 -~

0.1

~

BETA H*/V*=10.

AL=10

BETA H*/V*=1,

BETA “H*/V*=0.1
o e o\ :

aat

if2
%2 KvY * %
(Fu o+ O\ Buy By, Jo'u',‘_'85: +8y ol
2 4 *
TR 0%’/ 00, By, Iy s +aila>

0
o)

T T T T T 1 T T T T T T T
0.2040608 1 1.2 1.4 1.8 1.8 2 2.2 2.4 2.6

N4

A .8 3
SIGMAL /BETAH*

oR
12

*
Oy 0'::'
Von vty U pr
( +0H2 ) 8 B*;

for vnegosl Beamyq



EXACT /APPROXIMATE

AL

*0-2 hd e e e e v

ZO‘H

il

A G

24
Zqu,:l,,,d—':;z fon UN\.Q/“;»—G-Q JRY Y.
T

RN

1.2
1.1+

AL=2;O

1~
0.9 -
0.8 -
0.7 ~
0.6 -
0.8
0.4 -
0.3 —
0.2 -

0.1+

N\

l

BETA H*/V*=10.
BETA H"/V‘.=O‘1

(o‘u; +0'H; ﬂux Bu Puy o' o‘, 8 a;;'-
OrIL o
Of*+07, nv,_ By, (et gt

1 1 L ) T 1 ' '

| B
020406081 12 1.4 1.6 .B 2 2.2 2.4 2.6 2.8 3

SI1GMAL /BETAH*
. or
%7 a exr\'?
Wy Oy
2(0'u:‘+0':22) 3:4: + 3’;1 ffe1 Um—“f?o—o-Q Beam g
2

|



o e AT

EXACT /APPROX IMATE

% Gmwm

Ha

AL =
A 0,206 ,
e [0 UmeRet
1.2
‘-1_‘ AL_SOO
- BETA H*/V*=1.
0.9-"\
0.8 \
0.7 - - / -
0.6  BETA H*/V*=10. grra pe/ve=0.1
0.5 - s
e
0.4 - o |
(a'ﬂ_‘ "'0-"7 eH‘.B“L O'UL'B\.'..'.‘.&*:G'V:“
- 0.3 O +0 B;,_Bv,, "30215::4-“20'"' :
0.2-  Beo 2 beowms
0.1
0 L ) 1] ) L] 1 1 | ] | | 1 ¥ 1 1
‘0 020406081 12 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3
SIGMAL/BETAH*
oR
o /o-:"!. (T::_ iz
B e [ —=
e el y \B:: iy vnegoal Bearm g



