LHeC electron ring: parameter
choices

John Jowett

For LHeC workshop, Divonne, 2 September 2008.

Much aready donein Dainton et a 20086, try to review some choices and fix some more parameters.

Setup

Fixed basic parameters

7= Gi rcLHC = 26 658. 8832 Met er
oul7- 26 658. 9 Met er

c
ing:= LHCbasi c = {frev -> Convert [m // N, Hertz]}
rc

outgl= {frev->11245.5Hertz}

LEP optics for comparisons

Someitems taken from LEP Design Report
In[9]:= Ncel | LEP = 8 x31
outfo]= 248

in[10}:= LEPoptics =tfsRead["G \\Users\\j\\jowett\\Docunments\\Private\\Q her
Accel erat ors\\ LEPpostfact o\\ LEP. tfs"] /. "KOL" -» " ANGLE";

inj11):= First [LEPoptics] // Tabl eForm
From LEP Design Report p 6
nj12:= nel = Length[Last [LEPoptics]]

out12]= 9264

Distances between quadrupoles
inp13)= Take [nf sCol umm [nf sMenber [LEPoptics, "KEYWORD', {"QUADRUPOLE"}], "NAME"], 50]

in[14]:= LEPcel | = nf sOpti csRange [LEPoptics, {"QF33.R1", "QF35.R1"}];
inf15]:= SOLEPcel | = First [nfsCol um [LEPcel |, "S"]]

out15]= 1034. 98
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in[16):= Opti ons [Beanli neEl enent Gr aphi c]

oui6]= {Beanli neG aphi cWdth - 1, BeanlLi neG aphi cDot - 0.3, BeanlLi neG aphi cLabel Length - 0.5}

n[171:= Set Opt i ons [Beanli neEl emrent G aphi c,
BeanLi neGraphi cWdth » 15, BeanlLi neG aphi cLabel Length -» 17;
nfsOpti csC assi cBeanli nePl ot [LEPcel | , AspectRatio - .5, DxFactor - 100,
Pl ot Range -» {0, 200}, Beanli neG aphi cVertical Shift - 130]
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The phase advances in this cell:
inr9l:= Wth[{mx = nfsCol um[LEPcel |, "MJX"], muy = nfsCol um [LEPcel |, "MJY"]},

{Last [mux] - First [mux], Last [nuy] -First [nuy]} ] 360
oui9]= {91. 0332, 59. 436}

So thisisthe classic 90°-60° optics.
in[201:= squads = nf sCol umm [nf sMenber [LEPopti cs, "KEYWORD', {"QUADRUPCLE"}], "S'1;

Spaces between quadsin LEP. Most common case should be length of half-cell.



inj21):= Li st Pl ot [squads - Rot at eRi ght [squads]]
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in22:= Sel ect [Tal | y [squads - Rot at eRi ght [squads]], #1[2] > 100 &];
LFODOLEP = 2 First [First [%]]

out[23]= 79.

Get bending radius from atypical bend magnet

in[24]:= rhoLEP = ——— /. nf sToRul es [LEPopti cs, "B2R. QF19. R1"]
" ANGLE"

outz4= 3065. 21
infzsl:= LquadLEP ="L" /. nfsToRul es [LEPoptics, "QD34.R1"]
outzs)= 1. 6

This is the magnetic length of the 6-core dipole.

in26]:= LbendLEP = 35. 01

out26]= 35. 01

The physical length is a bit different

in271:= LbendLEPl = 6 x5. 75

ou271= 34.5
LbendLEP

In[28]:= ——————
LFODOLEP

outzgl= 0. 443165

LquadLEP
LFODOLEP
out29]= 0. 0202532

In[29]:=

in[30]:= Lsext FLEP = 0. 4; Lsext DLEP = 0. 76;
How much space isleft for the other items
in31:= LFODOLEP - 2 LbendLEP - 2 LquadLEP - Lsext DLEP - Lsext FLEP

outzi]= 4. 62

LHeC.nb
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LbendLEP
LFODOLEP
outz2)= 0. 886329

In[32]:= 2

in33:= Ncel | LEP LFODOLEP

out33)= 19592.

The LEP vacuum chamber is elliptical, with half-axes:

{131., 70.} )
in[341:= LEPvacuunChanber = — MIli Meter

outz4= {65.5 Meter M11i, 35. Meter M1 1i}

Rough estimate of o inthearcs

in[3s):= Convert [\/40 Nano Met er 150 Meter // N, MIIi Met er]

out[3s]= 2. 44949 Meter M| 11

131 MI11i Meter
in[z6:= ToFundament al SI [N[

/40 Nano Met er 150 Met er
out[36]= 53. 4805

Allowing for sawtooth, pretzels, closed-orbit

7= Convert [10 /40 Nano Meter 150 Meter + 25M11i Meter // N, MI1i Meter]

ou[37]= 49. 4949 Meter M| 11
That more or less accounts for it.

For LHeC, thiswould change roughly to

inz8;:= Convert [10\/8Nano Meter 150 Meter + 10MIIli Meter // N, MIIi I\/bter]

out[3gj= 20. 9545 Meter M| |

LHC arc optics for comparison

inzol:= Ncel | LHC = 8x23

out[3g]= 184
in41:= LHCcel | =tfsRead["LHCBlArcCell.tfs"] /. "KOL" - " ANGLE";

in43):= LFODOLHC = Wt h[{sval s = nfsCol um[LHCcel |, "S"]},
-M n[sval s] + Max [sval s]]

outf43)= 106. 903

LFODOLEP
LFODOLHC
out45]= 0. 738988

In[45]:=
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inj46:= Set Opt i ons [Beanli neEl ement G aphi c,
BeanLi neG aphi cW dt h - 15, BeanLi neG aphi cLabel Length -» 17;
nfsOpti csC assi cBeanli nePl ot [LHCcel | , AspectRatio - .5, DxFactor - 100,
Pl ot Range -» {0, 200}, Beanli neG aphi cVertical Shift - 130]
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Out[47]=
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FODO arc cells

No reason to choose anything el se.

See for example Chao-Tigner handbook, Sec 2.2.3 by E Keil

m Tentative choice of cell length for LHeCe

Show the two cells, LHC and LEP, beside each other. Would it not make the engineering and integration easier if there was
asimpler relation between the LHC and LHeCerings ?
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inf48):= Show[Gr aphi cs [{Transl at e [nf sOpt i csBeanLi neGraphi cs [LEPcel | ], {-sOLEPcel |, 50}],
nf sOpti csBeanli neG aphi cs [LHCcel | 13711
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For example, we could choose the LHeCe FODO cell to be half the length of the LHC cell. This would give a number of
cells

inf49):= 2 Neel | LHC

out49]= 368

ins01:= Ncel | LEP

outs0]= 248

Such a choice would also impose some constraints on insertions, bypasses and their matching. We leave those to later.

in51:= Not ati on [Lgopo < LFODQO];

I ntroduceSynbol [LFODO, "is the half-length of the FODO cell.", Meter];
in[53:= Not ati on [¢ropo < phi FODO];
I ntroduceSynbol [phi FODO, "is the bending angle of a whole FODO cell.", 17;
inss;:= Notation[Neey < Ncell 1;
I ntroduceSynbol [Ncell, "is the nunber of cells in the ring.", 17;
2 7 Lrono

in[571:= FODOphi = @rapo ==

Ncel | LHC LFODOLHC Met er
0. 000319427 Lrono
Met er

Out[57]= @YFODO ==
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Ncel | LHC LFODOLHC

In[58]:= FODONcel | = Ncell ==
Lrao

19670.1

out[s8]= Neell =
LFaoo

LFODOLHC Met er 2r
ins91:= hal f LHCcel | = {LFODO—> — Ncel | -» 2 Ncel | LHC, ¢ropo - > Neel | LHC}
e

JT
outs9)= {LFODOQ 53. 4515 Meter, Neel| — 368, 0rooo - _}

184
27
ineo):= full LHCcel | = {LF(DO—> LFODOLHC Met er, Ncel |l -» Ncel | LHC, ¢roxo - —}
Ncel | LHC
Tt
out[60]= {L;:Q)o% 106. 903 Meter, Neei| — 184, ¢rcpo— 5}
m Lengths in the cells
infe3:= Not ati on [propo < r hoFODO];
I ntroduceSynbol [rhoFODO, "is the bending radius of the thin lens FODO cell.", Meter];
ines:= Not ation[Ls < Lsext1;
I ntroduceSynbol [Lsext, "is the average arc sextupole length.", Meter];
in[67):= Not ati on[Lother & Lot her ];
I nt roduceSynbol [Lot her,
"is the length allowed for other itenms in a FODO cell.", Meter];

We can probably scale down the sextupole strengths by the ratio of maximum energy
inf223:= {Lsext FLEP, Lsext DLEP}

out223)= {0.4, 0.76}

So let's take 1
m in total for the two sextpoles

in[7o}:= Lsext =1/2 Meter; Lother =4 Meter;
Subtracting the two quadrupole lengths, and alow some space for sextupoles, BPMs, etc. will give the largest possible p

Lrooo- 2 Lg=-2Ls - Lother

in[71:= FODOr ho = propo ==
Yropo

Lrooo - 5 Met er —ZLQ

Out[71]= PFODO ==
(G2 v}

Sometimes we can use the cruder approximation (which is about the value for LEP) in order to simplify certain results and
remove weak dependences on Lg.

9 LFODO
Inf72:= FODOr hoO = ppgpo == — ———
10 phi FODO

9 Lromo
out[72]= PFODO = —————
10 ¢roo
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m Thin lens optics of FODO cells

in[73:= Not at i on [Keopo < KFODO];
I nt r oduceSynbol [KFODO,
"is the focusing strength of the FODO cell quadrupole.", Mater'z];

inf7s)= Notation[Lg e Lquad];
I ntroduceSynbol [Lquad, "is the length of the FODO cell quadrupole.", Mter];

1
in[771:= FODOF K = KFODO == —— ——
f FODOLquad
1
out[77]= Keapo == ———
f FODOLg

in[7el:= Brho[70 GeV/c]

70 El ectronVolt G ga

out[78]=
ce

inj79:= Not ati on [f oo & f FODO];
I nt r oduceSynbol [f FODO,

"is the focal length of the focusing quadrupoles in the FODO cell.", v ];
ter
ing1:= Not ati on [ueopo < MUFODO];
I nt roduceSynbol [mMuFODO, "is the phase advance of the FODO cell.", 17;
ins3:= Notation[B* < betap];
I ntroduceSynbol [betap, "is the maxi mum g-function in the FODO cell.", Meter];
ings:= Notation[B~ < betam];
I ntroduceSynbol [betam "is the m nimum g-function in the FODO cell.", Meter];
ing7;:= Notation[D§ < Dxpl;
I ntroduceSynbol [Dxp, "is the nmaxi mum di spersion in the FODO cell.", Meter];
in[go:= Not ati on[Dy < Dxm];
I ntroduceSynbol [Dxm "is the minimum dispersion in the FODO cell.", Meter];
LFODO
In[91]:= FODOfFnu = f FODO=z ———M
4sin[ 222
HFoDO
outfo1]= T Fopo == n Lrooo CSC[ }

(1 +Sin[muFODO/ 21)
Si n [mMuFODO]

injoz):= FODOhet ap = bet ap == LFODO

. HFODO
ouiez- B = Lrcoo CSC [ rano] (1 vsin ])

(1 -Sin[nuFODO/ 2])
Si n [muFODO]

Inje3):= FODChet am= bet am== LFODO

. HFODO
out93= B~ = Lropo CSC [ rono] (1 -Si n{ })
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LFCDOphi FODO (1 + 3 Si n[ 222])

In[94]:= FODODxp = Dxp == -
4sin[ MR

HFODO 12 1 [ Hroo
outo4= D¢ = — LFCDO‘PFGDOCSC[ } [1 + — Si n[ H
4 2

LFCDOphi FODO (1 - 3 Si n[ 2222])

In[95]:= FODODXxm = Dxm == 5
4Sin| ”“':2030]

2

IJFCDO}

1 1 [ HFoo
outos]= Dy = Z L rono ©rcoo Csc[ 1- E Si n[ }

injos:= FODQOOpt i cal Functi ons : = {FODOF K, FODOf mu, FODODxp, FODCDxm FODCbet am FCODCbet ap}

Make some plots

bet ap

/. Sol ve [FODbet ap, betap]
LFODO

In[97]:=

out[97]= {CSC [ uFopo] (1 +Sin [ “F;DO} ) }

injos]:= Sol ve [FODOOpt i cal Functi ons, {Dxp, Dxm}]

ot ({04 3 tsamramnss | T2 (205 P22 |, 0o - tremrmmcse| ] (-2 sin 15 )

Fi t[{betap beram}/ Sol ve [FODOOpt i cal Funct i {bet betam}] /. MIFODO - 2 rmdeg]
inol:= Firs _ —— 1} /. ve i cal Functi ons, et ap, betam . mu 27
e LFODO' LFODO 360
nudeg it nudeg it . nudeg it
mudeg ) nmudeg LFODOCSC{ 180 }"LFODOCSC{ 180 }S'n[ 360 }
out[99]= {Cs [7] |n{ , }
180 360 Lropo
infr001:= Pl ot [
B* B- 2 s mudeg
Eval uat e |Fi r st , /. Sol ve[F tical Functions, {B*, B}1/. u > —||,
[First[{— —]} D00p o> ———|]
{mudeg, 0, 180}, FraneLabel - {"u/°", "B:/Lrao/mM' }, Plot Styl e » {Bl ue, Darker [Green]}]
8l -
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inr01:= Pl ot [Eval uatee

{Dxp, Dxm} nmudeg

First | —————— /. Sol ve [FODOOpt i cal Functi ons, {Dxp, Dxm}] /. muFODO- 2 x
[phi FODO LFODO P

]

{mudeg, 0, 180}, FraneLabel - {"u/°", "D*/ (¢ Lroo) /n'}, PlotStyle - {Blue, Darker [Green]}]

= I A A R

Out[101]=
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If the cell startsat s= 0 with the QF

inf1021:= Not at i on [Brapo < bet aFODO];
I nt roduceSynbol [betaFODO, "is the beta function in the
FODO cell starting at the QF (s=0) to the QD (s=Lropo/2).", Meter];

in[104]:= bet aFODO[s_] = Modul e[{bl},
bl =

2s (1+Sin[nuFODO/ 2]) 42 T muFODO
+
Cos [muFODO/ 2] LFODO

< %} {bl /. s » (LFODO-s), %< LF:DO < 1}}]]

452Tan[@}

(betap /. First @eSol ve [FODCbet ap, betap]) -

Pi ecew se [{{bl, oo

Lrcoo CsC [1rapo] (1+Sin[“22]) -2 Sec[“F2] (1+Sin[“2]) + — = —<3
U | Lreon e (ol [1+Sin[452]) - Pom

2 (Lrapo-S) Sec[“22] (1 +Sin[L2]) | 4 (Lewo-s)? Tan [ 2]

2 2 Lreoo

0= Not at i on [BRpo <= bet aDFODO];
I nt roduceSynbol [bet aDFODO,
"is the beta function in the vertical plane in the FODO cell
starting at the QF (s=0) to the Q@ (s=Lroo/2).", Meter];
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in[107):= bet aDFODO[s_] = Modul e[{bl},
bl = (betap /. First @eSol ve [FODCbet ap, betap]) -

2s (1+Sin[nuFODO/ 2]) 4 s? muFODO LFODO
+ T [ ] S > -S;
Cos [muFODO/ 2] LFCDO
i . 1 1 s
Pi ecew se[{{bl, EO < E} {bl /. s - (LFODO-s), E < TForo < 1}}]]
LFCDOCSC[UFCDO] (l +Si n[”‘m]) - L;DO < —;
L 2 u
2 (b5 s) sec[ =] (1o sin[egm]) L I
Out[107]= Foe
LFOJOCSC[UFODO] (1+Sln[“‘°3°]) - -; < L:]x)<:
LFCDO HECDO
2 (-lms) sec[ 2] (1 +S|n[““m])+4( jﬁ(;‘”[ )

inf108]:= Not at i on [ Decpo < DFODO];
I nt r oduceSynbol [DFODO,

"is the dispersion in the FODO cell starting at the Q- (s=0) to the @ (S=Lrago/2).."
Meter ];

110}~ DFODO[s_] = Modul e[{dl},

dl = (Dxp /. First @Sol ve [FODODxp, Dxp]) |1-2s ;
LFODO 2 LFODO

Sin[ 222 ] s2 phi FODO
. .

precew se[{{d1, <~} {1/ 55 @Fo0-s), ~ < > <a}}]]

2sSi FODO
oS’ | 1| L preon Csc [ 4522 (24 Sin|[ 422 ) [17 LL]]

Out[110]=

— l HFODO
Wﬁ%&"‘ LFODowFaJoCSC[“FODO} (2+sin[E22]) [J,%

Lrooo

bet aFODO[s ] DFODO[s ]

1= Eval uate[{ , :
LFODO LFODO phi FODO

} 7. s sl LFoDO// Sinplify]

bet aFODO[s ] DFODO[s ]
LFODO  LFODOphi FODO

in[112):= Eval uate[{ } /. {s » sl LFODO, nuFODO- nx/3} // Si npli fy]

bet aFODO[s ] DFODO[s ]
LFODO  LFODOphi FODO

in[113):= Eval uate[{ }/. {s » sl LFODO, nuFODO - x/2} // Si rrplify]

inf116]:= Pl ot [Eval uat e [SI mplify [{BFO:O:] , bet alil:(:zO[s] , LE:FG?;O;:;O} /. {s -S| Lropo, MFopo - g}] ]

{sl, 0, 1}, PlotStyle » {Blue, Red, Darker [G een]},
FrameLabel - {"s/Lrooo’, "Bx/L, By/L,Di/(Lp) for u=7r/2"}]
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In[115]:=

out[115]=

Mani pul at e [PI ot [

Eval uat e[Si nmpl i fy[{ﬁpiooi] , bet ai:zzo[s] , LIZ::)OJ:;O} /. {s -S| Lropor MFoDO = g rrugdoeg }”

{sl, 0, 1}, PlotStyle - {Blue, Red, Darker [Geen]}, PlotRange -» {0, 2}, FranelLabel -
{"S/Lch", "Bx/L, By/L,Dc/(Le)", "u=" <>ToString[mideg] <>"°"}], {mudeg, O, 180}]

mudeg D
u=718
20 —
S 15; 1
d L i
a ]
«Q
{ [ ]
OO 7\ L L L L L L L L L L L L L L L L L L L L
0.0 0.2 0.4 0.6 0.8 10
S/Lropo

m Dispersion and momentum compaction

Average of dispersion over the FODO cell is

In[117]:=

In[119]:=

out[119]=

Not at i on [ (Dropo) <= DavFODO];

I nt roduceSynbol [DavFODO, "is the average di spersion over the FODO cell.", Meter];
1 1/2

FODODav = DavFODO == E DFODO[s| LFODO] dsl
/ 0

1 UFopo 12
(Brono) == 18 -Lrono ¢Fono + 12 LF(DO‘DFCDOCSC[ }

Check this agrees with the Handbook formula (7)

1
in[120):= Sinplify [ ({Dronoy /. First @Sol ve [FODODav, DavFCDQ]) == 7 Lrono ®roo

out[120]=

: i]]

sin[ez=)? 12

True

This gives the momentum compaction factor

In[121]:=

In[123]:=

out[123]=

Not at i on [acropo <= al phacFODO];

I nt roduceSynbol [al phacFODO, "is the nonentum conpaction factor of a FODO cell.", 11;

. DavFODO

FODQal phac = al phacFODO == phi FODO —
LFCDO

{Dropo) ©Fopo
OcFopo == ——————
Lrooo
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in[124]:= FODOOpti cal Rel ati ons : = Joi n[FODOOpt i cal Functi ons, {FODODav, FODGCal phac}]

in[125:= al phacFODO /. First @Sol ve [FODOOpt i cal Rel ati ons, {al phacFODO, DavFODO}]

2

1, HUFODO
Out[125]= % ©Eopo (23 + Cos [rao] ) Csc { }

Check that agrees with Handbook (8):

1
- 13 | ¥Fooo

1 ) HFODO . .
In[126]:= % ®Fopo (23 + Cos [kropo] ) CSC[ > ] = //7Sinplify

out[126]= True

al phacFODO
phi FODO?

T
MIFODO - rmdegzg], {mudeg, 0, 180}, FraneLabel - {"u/°", "ac/¢*"}, PlotRange - {0, 5}]

in[127):= Pl ot [Eval uat e[ /. First @Sol ve [FODOOpti cal Rel ati ons, {al phacFODO, DavFCODO}] //.

50

Oout[127]= 20

0 50 100 150
u/e

With the explicit choices of cell length
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in[128):= Pl ot [Eval uat e [al phacFODO /. First @Sol ve [FODOOpt i cal Rel ati ons, {al phacFODO, DavFODO}] /.
T
{(ful'l LHCcel |, hal f LHCcel | } //. muFODO - nudeg 2 %],

{mudeg, O, 180}, FraneLabel - {"u/°", "a"}, Pl ot Range -» {0, O. 001}]

0.0010
0.0008 - |
0.0006 - .
S F ]
out[128]= S i
0.0004 - .
0.0002 - |
0.0000 ‘ : .
0 50 100 150
uf°
s Chromaticity
in[129]:= Not at i on [&rapo < xi FODO];
I nt roduceSynbol [xi FODO, "is the natural chromaticity per FODO cell.", 17;
Tan| 2]
in[131):= FODOchromaticity = §ropp == - —————
T
Tan [ 22 |
out[131]= &Fopo = - ————
Tt

7T
in[132):= Pl ot [Eval uate[xi FODO /. Sol ve [FODCchromaticity, xi FODO] /. muFODO - nmudeg 2 %]

{mudeg, O, 180}, FraneLabel - {"u/°", " §FODO"}]

00—~ T T " T 7 5

&ropo

out[132])=

0 50 100 150
H/°
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The specific (per unit tune) or logarithmic chromaticity, neglecting the insertions

xi F
in[133):= Pl ot [Eval uat e[

T
27 /. Sol ve[FODCchromaticity, xi FODO] /. muFODO - nudeg 2 —]
nuF 360

{mudeg, 0, 180}, FraneLabel - {"u/°", " §FODO"}]

éropo

Out[133]=

0 50 100 150
77

Plot chromaticity of the whole arc for the two choices of cell length:

in[134]:= Pl ot [Eval uat e[
(Ncel I /. {fullLHCcell, hal fLHCcell } ) xi FODO /. Sol ve [FODCchronaticity, xi FODO] /.

7T
muFODO -» nudegz%], {mudeg, 0, 180}, FraneLabel - {"u/°", "fgarcs"}]

Oi
~100}
~200"
~300;
~400+
~500¢
~600!
~700"

farcs

out[134]=

0 50 100 150
H/°

m Synchrotron radiation integrals

In[135]:= Not at i on [l 2Fron0 = | ZFODO],

I nt r oduceSynbol [I 2FODO, "is the synchrotron radiation integral.", Meter '1];
in[237]:= Notation[l 3ropo < | 3FODO];
I nt r oduceSynbol [I 3FODO, "is the synchrotron radiation integral.", Meter '2];
LFCDO
in[139]:= FODA 2 = | 2FODO =z ————
r hoFODO?

Lrooo

out[139]= | 2 Fopo =
2
PFopo
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in[140:= 1 2FCDO /. Sol ve [{FODA 2, FODOrho}, {rhoFQODO, | 2FCDO}]

LFono ¥fono
out[140]= { }
(Lropo - 5 Meter - 2 LQ)2
LFODO
in[141]:= FODA 3 = | 3FODO == —— —
r hoFODO?
Lrono
out[141]= | 3 Fopo ==
3
PFopo

inf142):= 1 3FCDO /. Sol ve [{FODA 3, FODOrho}, {rhoFODO, | 3FCDO}]

Lrono ¥Rono
out[142)= . }
)

(Lrooo -5 Meter -2 LQ

inf1431:= Not ation[l sropo < | 5FODO];
I nt r oduceSynbol [I 5FODO, "is the synchrotron radiation integral.", Meter '2];

oo (13 Sin[5=]" 4 sin[#2])

in[145:= FODAI'5 = | 5 popo ==
4 Lropo Si N [“F%]z Si N [uropo]

PRono Csc [ 2] Csc [urapo] (1- 5 Sin[222]” Losin[uae]?)

out[145]= | 5 Fopo == il
FODO

in1471:= Not ation[l g ropo < | 8FODO];
I nt r oduceSynbol [I 8FODO, "is the synchrotron radiation integral.", Meter ‘2];

lg = [Dx* Ky(9)*d's

inf149)= FODA 8 = | gfapo = (Lo Kopo) ((D;)2 + (DR)?) /.
Fi rst @Sol ve [FODOOpt i cal Functions, {D, D;, Kropo, froo}] 77/ Sinmplify

PRomo 1+ 4 Csc [ 1227

out[149]= | 8 Fopo == m
Q

in[150;:= FODORadi ati onl ntegral s : = {FODO 2, FODO 3, FODO 5, FCDA 8}

= Damping times
m Damping partition variation

in[164]:= FODOr ho

Lropo - 5 Met er —ZLQ

Out[164]= PFODO ==
YFODO
inies;= Notation[J, e dJedp];
I nt roduceSynbol [dJedp,

"is the derivative of the |ongitudinal danping partition nunber with respect to &."
11
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in67):= FODOdJedp =

2 | 8FCDO
dJedp == | ———— /. First @Sol ve[{FODA 2, FODO 8, FODOr ho0O}, {rhoFQODO, | 2FODO, | 8FCDO} ]

| 2FODO

81 Lecoo (-9 + 008 [urcoo] ) Csc[ 452 ]

ou167)= J. = -
200 Lo

This only depends on the ratio of quad to cell lengths:
inj168):= FODOdJedp /. Lquad » foLFODO// Sinplify

81 (-9 + Cos [uparo] ) Csc [ L2 ]’

outi6g= Ji = - 20071
Q

in[169:= Eval uat e[
nmude

dJedp /. First @Sol ve [FODQdJedp, dJedp] /. Lo>»f Lrapo /. MUFODO - 2 7 9 // Sinpli fy]

nmudeg
180

200 f

nmudeg ] 2

81 (-9 + Cos | g

J) e

out[169]= -

in[170):= Mani pul at e [PI ot [Eval uat e[

mudeg
//

Eval uate[dJedp /. First @Sol ve [FODQdJedp, dJedp] /. Lo=f Lrao /. MUFODO - 2 7

o nudeg o
Si npllfy] /. Lo»f Lrapo /. MUFODO - 2 7 // S r'rpllfy], {mudeg, 0, 110},

Pl ot Range » {0, 1000}, FrameLabel - {"u/°", "J' (6)", "Lo/Lroo=" <> ToString [f]}], {f,

0. 01, .2}]

' =0

LQ/LFODO:O-0224

1000(
800~ ]

600+ ]

Out[170]=

JE'(6)

400+ -

200+ -

0 20 40 60 80 100
7

in[171:= Tabl e[

deg
//N//

m
Eval uate[dJedp /. First @Sol ve [FODQdJedp, dJedp] /. Lg-f Lroo /. MUFODO - 2 i

Si np|ify], (f, 0.01, .2, 0.04}]
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Pl ot [Eval uate [Tabl e[

nmude
dJedp /. First @Sol ve [FODOdJedp, dJedp] /. Lo-f Lroo /. MUFODO - 2 7 9 // N7/ Sinplify,

(f, 0.01, .1, O. 01}]], (mudeg, 0, 110}, Pl ot Range - {0, 1000},

FranmeLabel - {"u/°", "J¢' (6)", "Lo/Lropo=" <> TOStri ng[f]}]

Lo/Lropo=f

1000

800+

600

JE'(6)

400

200+

0 1 1 1 1 1 1 L
0 20 40 60 80 100

u/°

n1721:= {LquadLEP, LFODCLEP, LquadLEP /LFODOLEP}
oufi72)= {1.6, 79., 0.0202532}

3

€

It might be possible to adjust J_ with Robinson wigglers - to be studied - if the option of tuning emittance this way isto be
retained.

m Polarization time

m Horizontal emittance

?Em ttanceX

EmittanceX[Eb, 12,15,Jx] returns the horizontal emittance of an electron beam of energy Eb in a storage
ring with synchrotron integrals 12, 15 and damping partition number Jx; Je has the default value 1.
no41= EmittanceX[Ee, 12, 15, JX]
55 E215 )
643 c*12Ixngrn

Out[194]=

In[195]:= En‘ittanceX[Ee, I 2rcpor | 5 FoDO JX] /.
Fi rst [Sol ve[{FODA 5, FODA 2, FODOphi }, {®rooor | 5Fopoy | 2 Fom0} 1]

1
ouf105)- ——————2.52982 x 10" E2 e L¥apo 0fapo CSC [ Fano]
c*JIx ng Meter®

(-3. 89265 x10%" +5.1902 x 10% Csc [0. 5 1rapo] * + 8. 65034 x 10%° Si n[0. 5 piropo] ?)
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Going to a shorter cell length would help.

inpiog)= Eni ttanceX[Ee, |2FODO, | 5FODO, 1] /.
Fi rst @Sol ve [{FODOI 5, FODOI 2, FODOrho0}, {I5FODO, | 2FCDO, phi FODO} ]
72171 V3 E2 e Lio (303 + 176 Cos [rono] + COS [2 prcpo] ) Csc [ 222 % sec [ 2= |

2 2
Out[198]=

1638400000 c* nE 7 pEcpo

Using the approximation that doesn't include the dependence on quad length:

In[201]:= N[Em ttanceX[Ee, | 2Fropo, | 5FoDO, 1] /.
Fi rst [Sol ve[{FODA 5, FODA 2, FODOr ho0}, {lsropo | 2Fopo, PFoo} 11 7. hal f LHCcel | ]

1 2 4
out[201]= 60021. 6 E; Second

Ki | ogr anf Met er 3
(303. +176. Cos [Lrano] + COS [2. prapo] ) CsC [0. 5 urano]  Sec [0. 5 propo]

EmittanceX[Ee, | 2ropo |s5Fopo 11

Nano Met er
Fi rst [Sol ve [{FODO 5, FODA 2, FODOrho0}, {lsrooo, | 2Fro0or PFo0}11 /. hal f LHCcel | /.

in[208]:= Pl ot [Eval uat e [N[

T
mMUFODO - 2 % nmudeg /. Ee - 70 GeV] // ToFundanent al Sl ]

{mudeg, 40, 120}, FranelLabel - {"u/°", "ex/nnl', "Em ttance at 70 GeV"}]

Emittance at 70 GeV
T
80
60
£

£ L
Out[208]= 401
20

Ot | | | | [

40 60 80 100 120

u/°

Including the quad length dependence:

in219:= N[Emi ttanceX[Ee, |2romo, | 5Fop0 11 /.

First [Sol ve[{FODA 5, FODA 2, FCDOrho, FODOphi }, {l 5ropo, | 2Fropo, PFopo} 11 /. hal fLHCcel | ]

1 -13 =2 4
out[219]= 1.28196 x10 " Eg Second” Csc [ prono]

Ki | ogr anf Met er 5

(-45. +60. Csc (0.5 prcpo]® + Si N [0. 5 Lkcoo] 2) (2. 75665 x 10° Meter - 1. 1379 x10° L)

19
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n2201= % /. Lg»0

1 -13 =2 4
out[220]= 1.28196 x10 " E5 Second” Csc [ rono]

Ki | ogr anf Met er 8

(-45. +60. Csc[0.5 trapo]” + SiN[0. 5 prapol ?) (2. 75665 x 10° Meter - 1. 1379 x 10° |_Q)2

inz21:= Si nplify[ToFundanental SI [% /. Ec » 70 GeV]]

1. 61247 x1072° Csc [ uromo]

out[221]=
ter
(-45. +60. Csc (0.5 trcpo]? + Si N [0. 5 Lkcoo] 2) (2. 75665 x 10° Meter - 1. 1379 x10° L)
In[222]:= % /. MUFODO - 2 7 90 / 360

1.21741 %1027 (2. 75665 x 10° Met er - 1. 1379 x 10° L)

Out[222]= VB
er

By either calculation, thisis close to the required emittance (7-8 nm) to match the LHC protonsin the EPAC 2008 paper. A
final adjustment could be made by changing the g functions (rematch of the IR) or perhaps by damping partition variation.
We assume we don't want to use wigglers at high energy.

We could use a (90°,60°) optics with this cell length. It should have good dynamic aperture and be insensitive to imperfec-
tions (LEP experience with this choice).

Power and luminosity

Wigglers

LEP had 20 wigglersin 3 different classes, used operationally as transparent knobs (in combination with adjustments to
nearby quadrupoles to match edge-focusing.

It is probably desirable to have damping wigglersin the LHeCe ring at injection.

Aperture of the arcs

Energy sawtooth estimate. Fractional momentum deviation can reach 1% since there isjust one RF station
dpmax = 0. 01
0.01
FODODx p

o - i LFqgowFoooCSCVFwo]z (1+ iSi n[UF(Do]]
4 2 2 2

Sol ve [FODODxp]

({01 § teaovmeotse | “T2] [z sin[ 2]}

Dxp dpmax /. First @Sol ve [FODCDxp] /. hal f LHCcel | /. nuFODO - 7/ 2

0. 00617643 Met er

This must be included in the aperture budget for the arcs
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Dxp dpmax + 15 \/betapEx+Dxp2 Si ge2 /. First @Sol ve [ {FODODxp, FODOoetap}, {Dxp, betap}] /.
hal f LHCcel | /. {muFODO- /2, Ex - 10 Nano Meter, sige -» 107} // ToFundament al S|

0. 0232393 Met er

LEPvacuuntChanber

{65.5Meter MI1li, 35. Meter MI11Ii}

We can probably make do with a smaller half-aperture than LEP, perhaps +40 mm in the horizontal plane, a reduction of
30%.

Thiswill reduce the size of magnets, etc. to be evaluated in more detail.

With just one beam in the ring, it might be possible to reduce the aperture further with a scheme of orbit corrector magnets to
cancel the orbit sawtooth.

Revolution-frequency matching and energy range
See other notebook!

In particular for Pb

RF voltage

Possible LEP-IIl option ?

Luminosity estimate for e-Pb collisions

This went into EPAC2008 paper.

LHeCPbBeam= {Z 82, A->208, Mo, » 1.0072756064562605° AMJ, Nbh » 7. 10, Ebh »Z7. TeV,
Cc

kb ->f0 > , Exh - 0.501 Nano Meter, Eyh - 0.501 Nano Met er,
26 658. 883 Met er
Ebh
bxstarh - 1.8 Meter, bystarh-»0.5 Meter, fb-40. Mz, gammah -> —}
mi on c?

{Z» 82, A- 208, Moy » 1.00728 AMJ, Nbh —» 7. ><107, Ebh - 7. El ectronVol t TeraZ,

0. 0000375109 ¢
kp > fg - Ma— Exh — 0. 501 Met er Nano, Eyh - 0. 501 Met er Nano,
ter

Ebh

bxstarh - 1.8 Meter, bystarh - 0.5 Meter, fb - 40. Mz, ganmah - .
C%Mon

C

26 658. 883 Met er
kbe » 592, Nbe 1.4 1010, Exe » 7. 6 Nano Meter, Eye - 3.8 Nano Meter,

bxstare - 12. 7 Centi Meter, bystare-»7.1Centi Meter, fb - 40. I\/bgaHertz}

LHeCeBeam = {Ee 570. GeV, fO -

0. 0000375109 c

Met er
kbe - 592, Nbe - 1.4 x10'°, Exe » 7. 6 Met er Nano, Eye — 3.8 Met er Nano,

bxstare - 12. 7 Centi Meter, bystare ->7.1Centi Meter, fb—-40. Hertz Mega}

{Ee - 70. ElectronVolt G ga, fo -~
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kbe Nbe f O Nbh
lum Rul e =l um he »

4 7 Exh \/bxst arh bystarh

) f o kbe Nbe Nbh
| um he -»

4 \/bxst arh bystarh Exh
The electron-nucleus luminosity would b e
Convert [lum he /. lum Rul e //. LHeCPbBeam//. LHeCeBeam// N, | um Units]

1. 09234 x 10%°

Centi 2 Met er 2 Second
The corresponding electron-nucleon luminosity
208 %

2.27207 x 10%*

Centi 2 Met er 2 Second
This iswith the same electron current/bunch as ep. For the same RF power, one can increase this by
592 /2800 //

4.72973

(10 /50. )74
0.66874

% 70

46. 8118



