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1. BBeaenue
OOBEKTOM HCCIIeIOBaHUS ITOM pabOThI cTana HeauHelHas nuHamuka CKU®

N €C BJIIMAHHUC HA DMUTTAHC ITYYKAa B CHHXPOTPOHC.

CunxpotponHoe uznydyenne (CH) ucnyckaercs ABMKYIIUMHUCS C BBICOKOM
CKOPOCTBIO 3apsDKEHHBIMH YaCTUI[AMH B TOUKAX, I71€ UX TPACKTOPUS UCKPUBJIISETCS

C MOMOIIBI0 MarHUTHBIX mosteit (Puc. 1) [1].

MoOBOPOTHbLIA MarHmT

Myyok
\*

CMHXPOTPOHHOE N3y4eHune
Puc. 1. Boznuknoenue CU nipu nposeTe myyka 3JeKTPOHOB Yepe3 MOBOPOTHBIN MarHUT

Baxnocte CHU B Hayke CBsi3aHa C €r0 yHUKaJIbHbIMU CBOMCTBamMHu. Bo-
MEPBBIX, OHO MMEET OYEHb IIMPOKHUI CIEKTpP, BKJIOYAas B Ce0sl IJIMHBI BOJH OT
MH(PaKPACHOr0 U3IydeHHs 10 ramma-tydeil (~107* — 10722 m). D10 MO3BOMAET
BBIOMpaTh HYXHBIA [JI1 pa0dOThl auana3oH. Bo-BTOpBIX, U3Iy4YCHUE SIBISETCS
XOpomIio c(OKyCHUpOBAaHHBIM, TaK YTO Yy3KHH JIyd TOMajaeT TOYHO B oOpaserll,
YCTaHOBJICHHBIA Ha OOJBIIIOM PAcCCTOSHUM OT UCTOouHHKa. B-tpersux, CU umeer
BBICOKYI0O HHTEHCHBHOCTh. Harpumep, ApKOCTh H3IYy4YEHUS PEHTTEHOBCKOTO
nuanazoHa CU mo [pKoCTM B TPWUIMOHBI pa3 MPEBOCXOAUT TPAIULMOHHbBIC
UCTOYHUKH — PEHTICHOBCKUEe TpyOku [2]. Dth ocobenHoctu nenaror CU
BOCTpEeOOBAaHHBIM BO MHOTHMX HaNpaBJIEHUSX HAyKW TaKWX, KaKk (pu3nka, Xumus,

6HOTCXHOHOFHH,apXGOHOFHH,MaTepHaHOBeﬂeHHG,MGHHHHH&IITJL

Opnum u3 Hanbosiee BakHBIX mapameTpoB CU sBisieTcst ero criekTpaibHas
ApKOCTh. COBPEMEHHBIE CUHXPOTPOHBI CO3/IAIOTCS C LIEJIBIO €ro MOBBIMIEHUA. ECTh
HECKOJIbKO M3BECTHBIX CITOCOOOB CIENaTh M3Iy4YeHUs CUHXpOTpoHa sipue (Puc. 2)

[3]. B nanHo# paboTe ObLT BEIOpAH MyTh, BHIZCICHHBIN KPACHBIM IIBETOM Ha CXEME.
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YcKopuTenb 3M1eKTPOHOB Ha
BbICOKYH 3HEpPIru1o

y y
4

3NEKTPOHHDIN NYYOK C Manbim v INEKTPOHHBIW MYYOK € ManbiM
[NvHHBIA oHAyNaTOp "
3MUTTaHCOM pasbpocom sHeprui

Y
4

r

UcTouHuK CUHXPOTPOHHOIO
> U3Ny4YeHuAa c BbICOKOIA N
cnepraanoﬁ APKOCTbHO

Puc. 2. [1lytu coznanus ucrounuka CH ¢ BBICOKOM CHEKTPATIbHOMN SIPKOCTHIO.

[Ipexxne uyem noOMBATHCS MaJOCTH SMHTTAHCA, OBUIO PEIICHO CHadalia
uccienoBath HeMMHEHY0 quHaMuKy B CKU® u kak oHa BIMSET HA U3MEHCHHE

AMUTTAHCA JIEKTPOHHOTO My4YKa B XOJE €ro JIBHXKEHHSI B CHHXPOTpPOHE.
2. Teopernueckasi 4acTh

2.1. OnTtuka ycKopuTes
3amkHyTass opOuTa 3amaércs AUMNOJbHBIMU MarHUTamMH, a YCTONYHBOCTD
JIBIDKEHUS omnpeaensercss (OKyCHPYIOIMMH JuH3aMd. HabGop JAUmoOIbHBIX
MarHuTOB W KBAJPYIOJIbHBIX JIMH3, 00ECIIEUNBAIONINX 3aMKHYTYIO U YCTOMUUBYIO

OopOUTY HA3BIBACTCS ONITUYECKOM CTPYyKTypoii (onTHkoii) yckoputens (Puc. 3) [5].

. . DoKRyCHpYIOLLME SNEMEHTbI

N3rubatowmii anemeHT OpbwuTa

/

Puc. 3. OnTuka myuxka.

2.1.1. IunoJn
JIumoNibHbIE MarHUTHI UCTOJIB3YIOTCS Il W3TH0a W TOJJEPKAHUS MyTH

YCKOpEHHUS Iy4Ka JacTuir [4].
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B AUIIOJIbHOM MAr"vure ¢ OJHOPOJHBIM MAIrHUTHBIM II0JICM BO Ha

JIBYOKYIIYFOCS 3apsKCHHYIO YacTHily neictByeT cuia Jlopenna (Puc. 4) [5]:

Puc. 4. I3ru6 TpaeKTOpUH JIEKTPOHA IO ICHCTBUEM CO3/IaHHOTO JIUITOJIEM MAarHUTHOTO TTOJIS.

Ha JAAHHOM PUCYHKE IIPCAIIOJIaracTcs, 4ToO JICKTPOH JICTUT «B CTPAHUILLY».

eByL

ITon nericTBUEM 3TOM CUIIBI YACTULA OTKIIOHAETCS HA YOl ¢ = e TAC L —
pc
JUIMHA MarHuTa. Pagnyc moBopora 4acTumel: p = .
0

2.1.2. KBaapynoJib
KBanpyrnonbHble MarHuThl CO3JaI0T (POKYCUPYIOIIYIO U A€(POKYCHUPYIOLIYIO

CUILy, IPONOPLUOHAIBHYIO PACCTOSIHUIO OT LIEHTpa. DTOT MarHUT UMeEET 4 MOJIroca

(Puc. 5) [5]:

Puc. 5. ®okycupoBka mydka ¢ HOMOIIbIO KBAIPYIOJIbHOTO MArHUTA.
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PaccMoTpuM 3€KTPOH, JETAUMN NEePHEeHAMKYJISIPHO IUIOCKOCTH XZ «B
ctpanuily». CorjaacHO npaBuily IPaBOM PYKH, CHJIbI, IEUCTBYIOLIME HA YACTUIIBI C
MPaBOM M JIEBOM CTOPOH MArHUTa, HANpPAaBICHbl B LEHTP MarHura, a CHJIbI,
JEHUCTBYIONIME HA BEPXHIOI M HUKHIOI YaCTHUIbI (OTHOCUTENHHO ILIEHTpa), — OT
nenTpa. JlaHHbII MarHuT, TakuM O0Opa3oM, TOPU3OHTAILHO (OKycHpyeT, a
BEPTUKAIIbHO — pacokycupyeT. [IpoTuBonoaoxxkHo HanmpaBieHHbIe cuiibl JlopeHna
MMEIOT MECTO, KOTJIa HalpaBJIEHUE TOKA, 3apsAJl YaCTHUIIbI MJIM BEKTOP €€ JIBUKECHUS

obpartHsl [4].
[Tosne siByIIETCS TUHEHHBIM IO OTKJIOHEHHUIO OT OCH:
B, = =Gz, B, = —Gx,
rae G — rpaJeHT MarHUTHOTO ITOJIS.

OtHomeHue I'padiuCHTa MAaIrHUTHOTO I10JI K UMITYJIbCY YdaCTHUIBI HA3bIBACTCA

CHJION KBaapymnoJst [5]:

2.1.3. CekcTynoJnb
CeKCTyNMOJAbHBII MAarHUT COCTOMT W3 IIECTH MATrHUTHBIX TIOJIFOCOB,
PAaCIOIOKEHHBIX B BUE YEPEIYIOIIUXCI CEBEPHOTO U I03KHOTrO mojitocoB (Puc. 6)

[5]. O HeoOXoaMM TS KOPPEKIIMK XpOMaTH3Ma KBaPYIIOJIs.

Puc. 6. prOH_[CHHEUI CXEeMa CCKCTYIIOJIbHOTIO MarHura.
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k,, cuna xBampymomns, o0OpaTHO WPOMOPIIMOHATEHA PC, TOITOMY
doxycupyromas cujia 3aBUCHUT OT JIHEPrHuM 4YacTulbl (Xpomatusm). [ns ero

KOMIICHCAIIMU HY>XHBI CCKCTYIIOJIN.

PaccMorpuMm  kBagpymonb, (OKYCHPYIOUIMII IMy4OK DJIEKTPOHOB B
HanpaBieHun X K QokanbHOW Touke. Ecnu ObI HEKOTOpBIC U3 AIIEKTPOHOB UMENH
Ooree BBICOKME OJHEPTUH, HUX TPACKTOPUU OBLTU OBl MEHBIIE W30THYTHI
KBaJIPYIOJBHBIM MOJIEM, a UX (hOKaTbHBIC TOUKH ObLIH ObI fauibie (Puc. 7). To ecTh,

q)OKYCHOC PaCCTOAHUC JIMH3BI OTIIMYACTCA IS 3JICKTPOHOB C PA3HBIMHA DHCPIUAMHU

[6].

1
TpaeKkTopua YacTuubl ‘TpaeKTopua YacTuybl
CO cpeaHel aHepruen C BbICOKOW 3Hepruen

] Keagpynone [l Cexcrynornb
Puc. 7. XpomaTtusm (A) u ucnpasieHre XxpoMaTiU3Ma ¢ oMoIbto ceketynods (b).

UYToOBhl KOMITEHCUPOBATh U30BITOUHYIO WM HEAOCTATOYHYIO (DOKYCHPOBKY,
UCITOJIB3YIOT ~ CEeKCTOIMONBHBIM MarHuT. CeKCTyImonM CTaBAT B MecTa ¢
JUCTIEPCUOHHON (DYyHKITMEH, 4TOOBl KOMIIEHCHPOBATh XpPOMAaThU3M (HOKYCHUPOBKHU
kBajpynonerd. Ho cekcTtynonu co3garoT AOMOJHUTEIbHBIE HEJIWHEWHBIE YIICHBI,

KOTOPBIC BO3MYILAIOT JUHECHHOE ABMKEeHHE [6]:

1
B, = Sxz, B, = ES(x2 — z2).

Yepes koahduiineHT S BoIpakaeTcst cuia cekeTymous [5]:

k,[Mm™3] = —.
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2.2. CraTucTH4eckoe onpejejeHne SIMUTTAHCA
OMutTaHc (€,) OOBIYHO OMPEACIIAIOT KaK IUIONIaab JJuThIca B (Da3oBOM
MPOCTPAHCTBE, cojiepxkaniero okono 95% Bcex yactuil BHyTpu. OH Ke SABISIETCSA
MIPOU3BEJCHUEM JIBYX MOJyOCe dyuuica. Eciiu 35Iumnc HaxouTes: B BEPTUKATIEHOM
IIOJIO’KEHHUH, €70 OCH COBHIAJAIOT C TOPU3OHTAIBHOM M BEPTUKAIBHOU ocaMu. [[Be
HOJyOoCH - TMoJioBMHA pa3Mepa mnydka (Ax) u pacxomumoctu mydka (Ax')

cootBeTcTBeHHO (Puc. 8) [7].

21~

Puc. 8. Pactipeienienue 31€KTPOHOB IMy4Ka B (pa30BOM POCTPaHCTBE.

PaccmarpuBas my4dok Kak CTaTHCTHMYECKHI HAOOp TOYEK B JBYMEPHOM
($a30BOM MPOCTPAHCTBE, SIMUTTAHC Iy4yKa SBISETCS MEpod UX pa3dpoca B 3TOM
mI0cKocTh. OH aHaJOTMYEH CTaHAAPTHOMY OTKIOHEHUIO, KOTOPOE HU3MEPSET

AUCIICPCHUIO Ha60pa TOYCK HA JIUHHH.

N

1 )2

o= NZ(xi —X)2.
i=1

AHaIOTUYHO, DMHTTAHC Ty4YKa JIODKEH OBITh «CPEIHEKBAIPATHUIHON)

BEJIMYMHOM, T.¢. (PYHKI[EH MOMEHTOB BTOPOTO MOPSKA pacipeaeacHus Touek [7].

Ecnu B HauanbHBIM MOMEHT KOOPAWHATBI U UMITYJIBCBI HaCTUI paCIIPCACICHBI

no I"ayccy (1) ¢ 3agaHHBIM HaYaILHBIM AYMHUTTAHCOM U TlapameTpamu TBucca (Puc.
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9), TO MOKHO JIETKO COCYUTATh X2, pZ U XP,, KOTOpbIE OYAyT BHIPAXKATHCS Yepe3

SMUTTAHC U HapameTpsl TBucca:

(ax+Bpx)®+x?

fp)=g—e (1)

Px/Po
10

X, MKM

'0.15

Puc. 9. HayanbHoe pacrpeeneHue 4acTuil B pa3oBOM MPOCTPAHCTBE.

= [ | wrcopodudp, = e, @
o +00 400 " 5
pi = f f p%f(x,px)dxdpx=¥, 3)
Xpy = j j xpr(x, px)dxdpx = —Qac. (4)

Pemas cucremy ypaBHenuit u3 (2), (3) u (4), MOKHO BbIpa3uTh IMUTTAHC:

¢ = Jx—p—- @2, ©)

2.3. ®ynkuuu uckaxenus (Distortion functions)
[Tomepeunast nuHEHHass AWHAMHKA YacTHIl B (DOKYCHPYIOIIMX MAarHHTHBIX

noJisix (0eTaTpoHHbIE KOJEOAHMS) OMMCHIBAETCSl YpaBHEHUEM XUILIA:
x"+K(s)x =0,
rae K(s) = K(s + I1) — nepuoandeckuii k03hHUITHCHT.

ITo Teopeme Dnoke, pelIeHUEM 3TOr0 YPaBHEHUS SIBIISIETCS:
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x(s) = v 2J B (5) cos(WP, () + Pxo),

T1€ J, Yxo — KOHCTAHTHI, ONPEIACIAIONINECS HAYaIbHBIMU YCIOBUAMH, a f,(S) u

d . .
Y, (s) = fOS ﬁx(ss) — (DyHKIMH, KOTOpBIE OMPEAEISIOTCS MArHUTHOM CTPYKTYpOMl
YCKOPUTEIS.

Jisa  ypaBHeHust Xwia cymectByer uHBapuaHT Kypanra-Chaiinepa,
[x? + (ax + Bx")?]/B = 2j = &, KOTOpHI sBASETCA IUIOIAABIO  DJUIMIICA,
HOJICJICHHOM Ha 7T, B (pa30BOM mpocTtpancTse [8].

[Ipruewm, j, Taxxke ABISIETCA KAHOHUYECKOW EPEMEHHOM JEUCTBUS, KOTOpas

. 1
32]1aTCsl MHTETPAOM jy = —— ¢ xdp,.

I'amMmunpTOHMAH qaCTHUIbI B JIMHEHHOM ClIy4dac 3allMChIBACTCA KaK:

2 2
p2 x
H(x,p,) = 7x+7(kc2> + k1).

WNnau MOXHO 3ammcaTrh €ro 4cpe3 IICPCMCHHEIC IIGﬁCTBHH-(i)aSa, KOTOPLBIC

TAaKIKC ABJIAIOTCA KAHOHUYCCKUMUA KOOPAWHATAMM

vij
R )

H(ix: Py) =
r7ie v, — 0eTaTpoHHAas YacToTa.

B cnywae HenIMHEWHOW JWHAMUKU ypaBHEHHE XWJUJIa CTaHOBUTCS
L r
HenuHeHbM: X' + K(s)x = F(X,S), COOTBETCTBEHHO pCIICHHE MECHSIETCSA, U
newcTBue, 3amaHHoe uHBapuaHtoM Kypanrta-CHaliepa, mniepectaetr OBITh

uHBapuaHnToMm. JlelictBre u (pa3a B TakoM cirydae Teprst ouenus (Puc. 10).
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1,00 ],/ Jo A

0,9995 I

0,9985 (i ‘ ’ | ' \

0,9975 |

0,9965

019955 | | | ] O60pOT
0 50 100 150 200

0 50 100 150 200

——JIuneinag qunamMmuka  —— HenmHelHas quHaMuka

Puc. 10. buenne nevictBust (A) u ¢assl (b) ot o6opora B CKUO.

TouyHOE pelIeHue HEIMHEMHOTO0 YpaBHEHUS HEU3BECTHO, ITOATOMY €T0
3aIlMCBIBAIOT C NMOMOULIBIKD TEOPUM BO3MYyLIEHHMH. B mepBoM mopsiake peuieHue
MOXHO BBIPa3uTh 4epe3 (YHKIMU HCKaKEHHS, KOTOpPbIE BBOJISATCS CIETYIOLUIUM

obOpazom.

["'aMunbTOHMAH YAaCTHUIIBI IPU HAJTMYUU CEKCTYIIOJIEH B CTPYKTYPE UMEET BUJL:

H(x,px;s) = 7+?(k0 +k1) +zk2.

UtoObl MOHATH, KaKO€ BIUSHUE HENMHEWHAss JMHAMHMKa OKa3bIBaeT Ha
HIMUTTAHC, HalJeM CHayana OueHue nedcTBus U (a3bl. 3amuileM TaMUJIbTOHUAH
YaCTHUIbI B IEPEMEHHBIX JIEUCTBUS U (Pa3bl:

ij X
R

k
Hy, i 8) = = + 2 (2B)? cos * &,

S
ds v,S

Dy (s) = Pr + TR
0
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o o S
[Tepeiinem k nmepeMeHHoM O = =

HOb i ) = el + g /U"i’“)g [cos(3(8)) + Beos(@:(6)) ]

0H , _ 0H
_E,lpx =a—ijO—0M(an k,=0)nl1-

oM (tipu k, # 0) mopsiaKax 1Mo Cuiie CeKCTYIOS, TIOTy4aeM BBIPaXCHHUS TSI OUCHHIA

Periast ypaBHEHHSI JBUKCHHUS j, =

I[CﬁCTBHH 151 (1)&351, BBIPA’KCHHBIC YCPC3 HCKOTOPHIC MHTCTPAJIbI:

8jy = ju2(A5(6) sin 3, (6) — B3 (6) cos 3, (8) + A4 (6) sin b, (6) ©
— B;1(0) cos @,(6)},
1/

S, = ’07"{33 (6) 5in 30, (6) + 45(0) co5 30,(6) + 3B,() sin @,(6) 7y

+ 34,(0) cos @,(6)},
rne A.(8), B1(0), A5;(8), B3;(8) — nepuomuveckue (QYHKIUH, Ha3bIBACMBIC

(GYHKIHUSIMU UCKaKEHUS, 3aBUCSIIUE TOJILKO OT reoMeTpun yckopurens [9]:

4,(0) = GIH ;’;% 3/2 Sin(qox(fz)S;1 2;55)) —mv) ®
B, (6) = HIE ;’/“% 3/2 COS(<px(T2)Si—n Ep;;f)) — TTVy) dr, 9
A,(6) = o % 3/2 Sin(3(<0ngs)in—( 5255)) — TTVy)) dr. (10)
Bs(0) = ?Zﬂ% 3/2 COS(S(%;Zn_(;:CV(xe)) —v,)) d (1D

[Tocne paznoxenus GyHKIUNH KOOPAUHATHI, X = 1/ 2], [, COS Y., U UMITyJIbCAa,

2

5 (a, +tani,), mo mepeMeHHbIM AeHCTBUSA U (Da3bl U yCPEAHECHHS TI0
X

Px = —
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HHUM, HAaUJIEM KaK U3MEHUJIMCh CPETHUE 3HAUCHUS X, D, U3-3 BIUSHUSA HEIIMHEUHOU

JUHAMHKHN:

f = - ZﬁxgoBl, (12)

. 2
Dx = |5 &(aB; —Ay). (13)

X

N3 ¢popmyn (12, 13) BuaHO, 4TO CpeiHME 3HAUCHHSI KOOPIUHATHI H UMITYJIbCa
B HEJIMHEWHON NWHAMUKE HE 3aHYJSAIOTCA, TO €CTh MOJ BIMSHHEM CEKCTYIoJel

MPOUCXOUT CABUT 3aMKHYTOW OPOUTHI.

BTOopble MOMEHTHI X2, D2 U XD, TOJI BIWSHUEM HEJIMHEMHON TUHAMUKH:
X X

_ 1
x2 = gofy — Zegﬁx{ls,cl'f + 104,45 + B;[B; + 10B5]}, (14)
— &1+ ap)
Py =——F
* Bx
1 &2
K Zi{‘ml +15aZ] (15)

+ B;[B;(15 + a2) — 10(B; + 243a, — B;a2)]},

XPx = —Eolx
1
+ 183{151‘1%0@6 + Bl[—10A3 + (Bl + 1OB3)ax] (16)

+ 2A,[7B; + 5(B5; + a,A3)]}
B Beipaxenusax (14-16) 3aBucuMocTh (YHKIHMN HCKaKeHHs OT yria 0
oImyImieHa. 3aMETUM, YTO TIEPBBIC ClIaraeMble B ATUX BBIPAKCHUSIX COBMIAIAIOT CO
CPCIHUMH 3HAYCHHUSMH, IIOJCYMTAHHBIMA dYepe3 MHTETpaibl OT (PYHKIIUH

pacnpenenenus (2-4).

[ToacTapiisis cpeiHUe 3HAYCHHST KOOPIUHATHI U uMyJjibca (14-16) B popmyny
CPEIHECTAaTHCTUYECKOTo AMHUTTaHca (5) U packiiaapIBasi KBapaTHbIA KOPEHb B Pl

Teitnopa, noayyaeM BbIpaXeHHE JIJIsl SMUTTaHCa Yepe3 (PYHKIUU UCKAKEHUS:
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£ =& — 2&5[45(0) + B{ (0)]. (17)
Hcxons w3 Belpakenus (17), BHIHO, YTO TMOJ BIMSHHEM HEIWHEHHOU

JUHAMUKA SMHTTAHC JOKEH yMeHbInaThes, T.K. A1(6), B;(6) € R.

3. IlpakTnyeckas 4yacTb

[lepen Tem, Kak MeperTH K OCHOBHOW 3ajadye pabOThI, HCCIIECTOBAHHUIO
HenuHeHou quHamMuku CKU®, 6110 pemeHo HayaTh ¢ 00j1ee MpoCTON CTPYKTYPHI
yckoputenst — FODO-sueiiku. OHa ucnoip30Bajach B JABYX Liesix. Bo-mepBbix,
HAY4YUThCS MOJb30BaThes mporpamMmoil MAD-X, mpomnuceiBaTh B HEMl CTPYKTYpY
AYEUKU U PACCUUTHIBATH TPACKTOPHUIO YACTHUIIBI, ABMKYILECHCA B HEH. BO-BTOPBHIX,

4YTOOBI CPAaBHUTH JIMHEHHYIO U HEMUHEHYI0 nuHaMuKky B FODO-sueiike.
Ncxons u3 atoro pabora Oblia pas3zesieHa Ha 5 9TalloB:

1) Mopnenuposanne FODO-sueiiku;

2) JloGaBiieHHE CEKCTYIIONEH B CTPYKTYPY;

3) Hamucanue mnporpamMMbl Ui MOACYETa CPEAHECTATUCTUYCCKOTO
IMHTTAHCA,;

4) Hamucanue TporpaMMbl JJisi BBIYHCICHUS (YHKIUH HCKaXCHUS U
OMUTTAHCA Yepe3 3HAUCHUS ITUX DYHKIUH;

5) 3amena FODO-sueiiku Ha ctpykTypy CKUD.

3.1. Jluneitnasa nuHamuka B FODO-syeiike
beuta nanmcana mnporpamma Ha MAD-X (cm. [punoxenwe 1) [10],
dopmupyromas cTpykrypy sueiiku (Puc. 11), co3maromas daiin ¢ mapamerpamu
TBuUCca ¥ APYTUMH NTapaMeTpaMH ONTHKU yCKOpUTeNsd. B siuelike ObUT Mpou3BeIeH
TPEKUHT Iy4YKa 3JIEKTPOHOB, cocrosmero u3 1000 yactur ¢ sneprueit E = 3 I'aB B
teueHue 1024 06opotoB. HauanbHbie KOOPAUHATH M UMITYJIBCHI JIEKTPOHOB MMyYKa
obutn pacnpeaencubl mo l'ayccy (1) ¢ € = 70 nM. B Touke HabmomeHus: ff =

0,79 u a = 0 (Puc. 12).



(=R BV e S B o

1 1 1 1 ) S, M
0 0,62 1,24 1.86 2,48 3.1

Puc. 11. Cxema ctpykrypsl FODO-sueiiku, rae 1 — negokycupyromye KBaipynoiau, 2 — U0
u 3 — ¢poxycupyromuii KBaapymois. Hike npencrasieH rpaduk ropu3oHTAIBHON OeTa-

(GYHKIIMH OT a3UMyTa.

—0.01

-0.02

Puc. 12. HauanpHoe pacnpenenenue mydka u3 1000 3mekTpoHOB B (ha30BOM MPOCTPAHCTBE.

3.2. Heanneiinas nuHamuka B FODO-s1ueiike
B mporpammy, dopmupytomyro FODO-sueliky, Obutn g00aBJICHBI
cexcrynou (Puc. 13) (cm. IIpunoskenue 2). Bela mpousBeicH TPEKUHT B TCUCHHE
1024 o6opoToB Tmyd4ka »dJEKTpoHOB ¢ oHeprueit E = 3[3B. HauanbHoe

pacrpeieicHue YacTuIl B (pa30BOM MPOCTPAHCTBE MOKa3aHo Ha Puc. 12.
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4 2 4
1 2 |.| 2 1

Puc. 13. Cxema ctpykrypsl FODO-sueiiku ¢ nobGaBienuem cexcrymnonei, rue 1, 5 —

KBaJpyIoJy, 2, 4 — CeKCTYI0JIU, 3 — IUIIOJIH.

3.3. IlporpamMmpbl 1J5 mojacyeTa IMUTTAHCA

boio Hanmcano 2 nporpamMmbl Ha si3bikax C u C++ mpu MOMOIIM IPOTpaMMBI

ROOT [11].

[lepBast mporpamma (cm. Ilpunoxenue 3) cuuThiBaeT (ailJibl TPEKUHTA U
CUMTAET CpEAHHE 3HAYCHUS KOOPJMHAT W HUMITYJIbCOB HAa KaXJIOM 000poTe IO

dbopmymnam:

N N
= VE )i
. NJ px . N )
i=1 i=1
N N
x—:Zﬁ. —2227’_’%1
N; px . NJ
i=1 i=1

Taxke OoHa cUMTaeT OMIMOKH C IOMOIIBI0 (OPMYIIBI I HECMEICHHOMN

BBIOOPOYHOM JTUCTIEPCUU:

1 N
= —E . — X)2
i=

rae N — KkoJIm4ecTBO YacTHIL.

Jlanee cumtaercs smurtanc (5) Ha KakaoM 00OpPOTE M CTPOUTCS Tpaduk
AMHUTTAaHCA OT 00opoTa. B oTnenbHbIN (haiil BRIBOJAATCS 3HAUEHUS HA HYJIEBOM U

MOCJIeTHEM 000pOTE.
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Bropas mnporpamma (cMm. Ilpwoxkenue 4) CcUMTBIBACT CO3JaHHBIN
nporpammoit MAD-X daiin twiss.tfs, koTopslii coaepKUT BCIO MHMDOPMALHIO 00
ONTHKE SYCUKU YCKOpUTENSA. 3aTeM CTPOUT rpaduku (PYHKIIUN HCKaXEHUS M
HAXOJUT CPEIHUC 3HAYCHUS KOOpIUHAThl W mMmiyibca (14-16) u sMHUTTAHC MO

dbopmyite (17) B TO#t ke TOUKE HAOJIIOACHHUS, YTO OblJIa B TPEKHUHTE,

3.4. Slueitka CKUD
B mporpamme MAD-X u3 2.1 [10] siueiika FODO 0Obuta 3aMeHeHa Ha STYCHKY
CKU®D (Puc. 14) (cm. Ipmroxkenne 5). Ha 3ToT pa3 TpeKWHr ObUT MPOBEACH C
nyukoM u3 100000 »snextpoHoB c osHeprueit E=3 [»B. Yactumsl Obutu

pacnpenenensl o I'aycey (1) ¢ gy = 70 nM. Ilapamerpsr TBucca B TOUYKe

HaOmoenus: [ ~ 14,24 u a = 0 (Puc. 15).

Puc. 14. Cxema ctpykrypst CKU®D, rie 6enpiM 0003HAYEHBI TUTIONH, TOTyObIM —
KBaJPYIOJIH, U KPACHBIM — CEKCTYMOau. Hike nmpuBeneH rpaduk ropu3oHTAILHON OeTa-
(GYHKIIMH OT a3UMyTa.

Px/Po
10

o5 X, MKM

Puc. 15. HauanpHoe pactipenenenue mydka u3 100000 31eKTpoHOB B (pa30BOM POCTPAHCTBE.
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4. Pe3yabTaThl

4.1. CpaBHeHMe JHHEeHHOH 1 HeJtuHeliHOM nuHaMukn FODO
Caauana ObIJIO HHTEPECHO CPABHUTH JIMHCHHYIO ¥ HETMHEHHYIO THHAMUKY B
FODO-suciike. PesynabpTaTel TpekuHra mydka u3 1000 37€KTpOHOB NPHUBEIACHBI B

TalJIUIlE HIKE:

Tabmuma. CpaBHenue amutTancoB Ha 0 u 1024 o6opoTte

Oo6oport €, M (JIMHEHas AMHAMUKA) €, M (HEJIMHEWHAs TUHAMMKA)
0 68,22+1,04 68,22+1,04
1024 68,22+1,07 68,21+1,07

N3 tabmuier BuaHO, uTo niocie 1024 o6oporoB B FODO-sueiike B TuHEHHOM
CJIy4ae SMUTTAHC HE U3MEHWIICS, a B HEJIMHEHHOM — HE3HAUUTEIbHO YMEHBIIUJICS.
OpnHako, 3TO YMEHBIIIEHHE HEAOCTOBEPHO, T.K. IPOUCXOJIUT B Mpeienax omuoku. To
€CThb, HEJIMHEHHAs JUHAMHKA HE OKa3bIBaeT 3HAUUTEIBHOIO BIMSHUS HA DMUTTAHC
nydka B ctpykrype FODO-sueiiku (Puc. 16, Puc. 17).

g, IIM
69.5

69

68.5|
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by
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>
>
>
»
-
P4
>
P4
>
e
-
3+
>
>
»
-
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Py
P4
>
e
-
4
by
»
3
5
3
-
>
»
b4
-
-
-

681

67.5

67 i 1 1 1 T
0 20 40 60 80 100 O6Op0

Puc. 16. I'paduk 3aBuCHMOCTH SMUTTaHCA OT 000poTa B nHEeHHOM quHamuke FODO-sueiiku.
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€, IM
69.5

69

68.50

LT 7T
4
>
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68|

67.5

67 Pl — i i
0 20 40 60 80 100 OGOPOT

Puc. 17. I'paduk 3aBUCHUMOCTH IMUTTaHCa OT 000poTa B HeMMHEeWHOU quHamuke FODO-sueliku.

BOBMO}KHO, KoJICOaHMsI Ha I’pa(i)I/IKaX CBSI3aHBI C YMCJICHHBIMHM OIIMOKaMH

nporpamm pacuétos (Puc. 16, Puc. 17).

Taxyke ObUIM ITOCUHUTAHBI q)YHKI_II/II/I HCKAXXCHUA OJIA HEJIMHEHHOU JUHaMHUKH

crpykrypbl FODO (Puc. 18).

A, B, M2

= LI I I

Leaa bl b bl ad §M

0 05 1 15 2 25 3

—— 4 —e— B

Puc. 18. dynkumu uckaxenus crpykrypsl FODO.

4.2. Heauneiinaa nnnamuka CKUOD
Pesynpratel Tpekunra mydka u 100000 snekrponoB B CKU® nokasanu, 4to

AMUTTAHC HE u3MeHuIcs mocie 1024 060poToB:
& = 70,25+ 0,16 nm,

€1024 = 70,25 + 0,16 nm.
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I'paduku pacnpenenenust yactuil (Puc. 19) u 3aBUCUMOCTH SMHUTTAHCA OT
obopota (Puc. 20) Taxke MOKa3bIBAIOT IOCTOSHHOCTH SMHUTTaHCA B XOJC €ro

JIBHDKCHUS TIO OpOUTe.

X, MKM

'0.15

Puc. 19. Pacnipenienenue 31eKTpOHOB B (pa30BOM NPOCTPAHCTBE, 1€ roJyObIM 0003HAYEHO

pacnpenenenue Ha 0-om 060poTe, a KpacHbIM — Ha 1024-oMm.

g, IM
7,05E+01
7,00E+01 L L L

0 20 40 60

7,04E+01

7,03E+01 H

7,02E+01 H

7,01E+01 F

1 ; OBopot
80 100

Puc. 20. I'paduk 3aBrcuMOCTH 3MUTTaHCca OT 060poTa B cTpykType CKUD.

Ha cnenyromiem atame ObUIM MOCUUTAHBI U HAPUCOBAHBI Tpaduku QyHKITUH

UcKakeHus A;, By, A3, Bs 1o Bcelt anmune stueiiku (Puc. 21).

Ay, B,m72 Ag, By, M2
600 :
400 F 400
200 F 200 F

0:—===/ 0F
2200 F 2200 F
-400 | 400 |
_600-I||||I|||| IS AT A e | S,M :.I....I....I....I,...I....I....I S,M

0 10 20 30 40 50 60 0 10 20 30 40 50 60

—O—Al

—e— By

Puc. 21. ®ynxnun uckaxenus crpykrypsl CKUOD.
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bbutH 3anucaHbl HX 3HAYCHHSI B TOUYKE HAOIFOICHHUS
A;(0) = —4.23594, B;(0) = 17.1491,
A;(0) = —6.12631, B;(0) = —161.236,
¥ Yepe3 HUX MOCUNTaH OXKHUaaeMblil sMutTanc (17):

£ =~ 69,999997 nm.

5. O0cy:kneHue pe3yabTaToOB

Hcxons u3 pe3ynbratoB TpekuHra B ssueiike CKU®, HennHeiHas AMHAMUKA
HE MOBJMsIA HA SMUTTAHC MTy4Ka. JTO CBSI3aHO C MAJECHbKUMH 3HaYEHUsI PYHKIUI
uckaxxkeHus. IlporpamMma, cunraromas 3MUTTaHC 4Yepe3 QYHKUUHA HUCKAXKEHUS (CM.
[Mpunoxenue 4), mokasajia, YTO OH JIOJDKCH YMEHBIIUTHCS B IIECTOM 3HAKE TOCIIE

3aIsITON.

Crano uWHTEpECHO, KaKOW JoJKHA OBITh CyMMa KBaJApaToB (PyHKUUN

2 2
UCcKakeHus, A + Bi, 4TOOBI SMUTTAHC CTaJ PaBHBIM 63 TIM, TO €CTh YMEHBIIHICS
Ha 10%. st aToro Bropoe ciaraemoe B popmyiie (17) mommkHo coctaiath 10% ot

HA4YaJIbHOTO AMUTTaHca mydka. Ha ocHOBE mpoieIaHHOM OLCHKU:
2e0(A% + B) = 10%,
npu £, = 70 M cyMMa KBaJIpaToB JOJLKHA OBITH 9-oro nopsaka, A3 + BZ~10°.

JI7is TOCTHKEHUS TAaKOTO 3HAUEHUST BAPbUPOBAIINCH CHITBI CEKCTYTIONEH, K, U

OeTaTpoHHAas 4acToTa, v, (8, 9).
OnTuManbHbIe 3HAYCHHS, C KOTOPBIMHU MPOXOIUIT TPEKUHT YaCTHUIL:

karLo ~ 34,345, kyqlo ~ —59,878, v, = 6,78996,

tne koL, kgl — cubl GOKycHpYrOMIETO U J€()OKYCHPYIOLIETO CEKCTYIOJEN

COOTBCTCTBCHHO, IOMHOXXCHHBIC HA JJIMHY MAardiuTOB.

Eciu He MeHATh OETaTpOHHYIO YacTOTy, a HU3MEHUTh TOJIBKO CHILY

CEKCTYMOJIEH, TO JUISl TIOCTHKEHUS HY’KHOTO 3HaYEHUsI CyMMbI KBaJpaToOB (DYHKIIHIA
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UCKOKEHMUSI HYXHO clieflaTh CWibl (DOKYCHUPYIOIIETO U J1e(POKYyCHPYIOIIETro

CEKCTYIIOJIEH PaBHBIMU:
kL =~ 50000,
k,4L = —87500.

To ecTpb 11 TOrO, 4TOOBI SMUTTAHC YMEHbIIUICA HA 10%, HY>)KHO YBEJIIMYUTH
cwibl cekcrynoieil Ha 3 mopsaka. [locie moactaBieHHMs 3THX 3HAUEHUH B
MHTETPaJIbl Tl HaXoxkeHus PyHKIni nckaxxenus (8, 9), a 3aTeM B BhIpaKCHUE IS

smurTanca (17), ObUTO MoJTydYeHO:
£ = 63,59 nm.

Jlist mon0bopa Hy>KHOM OETaTpOHHON YacTOThl ObUIM MOCTPOEHBI IpapuKu
3aBHCUMOCTH CyMMBbI KBaJIpaToB (DYHKIIMI HCKaKEHUS OT OETAaTPOHHOW YaCTOTHI
s siaeiku CKU® (Puc. 22). Ha rpadukax (Puc. 22, Puc. 23) kpacHOH JTUHEH
00603HaYeHO 3HaYeHue A% + BZ, KOTOpPOE MBI ITBITAEMCS IOCTHYb.

Af + B?
1,E+29

1,E+19 |

1,E+09 |

1’E_01 - 1 L) 1 | 1 1 J vx
5,8 6 6,2 6,4 6,6 6,8 7 7,2

Puc. 22. 3aBUCMMOCTb CyMMBbI KBaIpaToB (PYHKIUIH UCKaKEHHsI B TOUKE HAOJIOIEHUS OT

0eTaTpOHHOM YacCTOTHI.

Hcxoas u3 3Toi 3aBUCUMOCTH, ObLIT CI€NIaH BBIBOJ, UTO SMUTTAHC OyAET TeM
MEHbIIIE, 4eM OJrKe 3HaueHre OeTaTPOHHOM YacTOTHI K 1€JIOMY 3HAaYeHUI0. YTOObI
MOHSTh, B KAKOM 3HAKE JTOJKHO OBITh OTIMYHE OT IEJIOT0 3HAUYCHUS, 3aBUCHMOCTh
Obl1a TIepecTpocHa B JIOrapu(pMHUUYECKOM ImKaje, Tae abcmucca — 3TO pa3HHUIA

OeTaTpOHHOM YacTOTHI M OJMXKaiiero menoro 3HaueHus (Puc. 22).
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A? + B?

- 1,E+10
1,E+09
1,E+08
1,E+07
1,E+06
- 1,E+05
—1,E+04— : : : '
1 0,1 0,01 0,001 0,0001 0,00001

7=V,

Puc. 23. 3aBucHUMOCTb CyMMBI KBaJIpaTOB (PYHKIIUNA UCKAKCHHS B TOUKE HAOJI0ICHHS BOJIU3H

OeJa0ro 3HaudyCHHUA 6eTan0HHOI71 YaCTOTHI B HOFaqu)MquCKOﬁ mIKajic.

Ha rpaduxke BuHO, 4TO OTIAMYHE JOJKHO OBITH B 4-OM 3HAKE MOCIE 3aIATOM.

I[Ipu v, = 6,99987 ¥ HauvanbHBIX 3HAYCHUSI CWI (POKYCHUPYIOIIETO H

NIe(OKYCHPYIOIIET0 CEKCTYIOJeH aMuTTaHC paBeH (17):

€ =63,11 nm.

6. 3akil0ueHue

B xozne paboTsl Obu1a OCBO€HA TEOpUsT (PYHKITUI MCKAXKEHUS — CTPYKTYPHBIX
(GYHKIWNA, OMUCHIBAIONINX BO3MYIICHUS JIBMKCHHSI YaCTHIBI B TIEPBOM TOPSJIKE
Teopun BO3MylIeHHs. Hamucana mporpamma, paccuuThiBawOmas (yHKIIUHA

BO3MYIICHUA U BU3YATIU3UPYIOIIAd UX.

PesynbTaThl paboThI MOKa3anu, uTo HenruHeHas nuHamuka CKU® ve mensier

OMUTTAHC.

Hcxons u3 Teopetrueckux paccuetoB (17), ObUIO MPemIoKEHO aBa Crocoda
yMeHbIeHus1 dmMuTTanca Ha 10%: npulau3uTh 6ETaTPOHHYIO YAaCTOTY K IEJIOMY
YUCITY WJIH YBEIMYHUTH CHITy CEKCTYIOIeH Ha 3 mopsaka. OaHaKo, 3TO IPAKTHICCKU
HEBO3MOXKHO. BO3MOXHO TOCTaBUTH CIENUATBHYIO Mapy CEKCTYIMOJIEH TaKuM
oOpazoMm, 4YTOOBI (DYHKIIMM BO3MYIICHUN WCHBITAIM JIOKAJIbHOE CHJIBHOE
YBEJIMYCHHE BHYTPH Taphl, a CHAPYXKU Obl HE M3MEHUIUCH. ITOT BOIPOC MOMKET

CTaTh 0OBEKTOM CIICTYIOUINX UCCIAETOBAHUM.
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8. Ilpunoxenust

8.1. Ilpuinoxenue 1

option, -echo, -info,warn, -no_fatal stop;


https://mad.web.cern.ch/mad/
http://root.cern.ch/
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TITLE, 'Example 1: FODO.MADX';

KQF = 4.69;

KQD = -4.69;

D: DRIFT, 1L=0.15;

D2: DRIFT, L=0.05;

QF: QUADRUPOLE, 1L=0.15, Kl= KQF;

OD: QUADRUPOLE, 1L=0.075, K2= KQD;

B: SBEND, L=0.7, ANGLE=TWOPI/60;

FODO: LINE=(0QD,D,D2,D,B,D,D2,D,QF,D,D2,D,B,D,D2,D,0D);
Nrj=3; //Beam energy, GeV
beam,particle=electron, energy=Nrj,radiate=false;
set, format="22.15g";

select, flag=twiss, clear;

select, flag=twiss, COLUMN=S, NAME, keyword, L, BETX, BETY, ALFX, ALFY, MUX, MUY, DX, DPX,
DY, DPY, DDX, DDPX, WX, PHIX, WY, PHIY,ANGLE,E1,E2, TILT,K1L,K2L, K3L;

USE, period=FO0DO;
TWISS, file="twiss.tfs";

PLOT, TABLE=TWISS, TITLE="FODO", HAXIS=S,VAXIS1=BETX,BETY, VAXIS2=DX, COLOUR=100,1I
NTERPOLATE, —-noversion;

delete, table=tracksumm;
i=0;
EM=70e-12;
betx=0.793730100900356;
use, sequence=F0DO;
ptc_create_universe;
ptc_create layout, time=true, model=2, exact=false, method=6, nst=10;
while (i<1000) {

ptc_start,x:sqrt(EM*betx)*GAUSS(),px:sqrt(EM/betx)*GAUSS(),
y=0, py=0,pt=0, T=0;

i=i+1;
}i

ptc_track, icase=4,closed orbit,dump,maxaper={100,100,100,100,100,100},
turns=1025, ffile=1;

ptc_track_end;

ptc_end;
write, table=tracksumm, file="ptc table.tfs";
Value, TABLE (SUMM, Q1);
Value, TABLE (SUMM, Q2);

return;
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8.2. Ilpwuiaoxkenue 2
option, -echo, -info,warn, -no_fatal stop;

TITLE, 'Example 1: FODO.MADX';

KQF = 4.69;
KQOD = -4.69;
KSF = 44.2;
KSD = -44.2;

D: DRIFT, L=0.15;
QF: QUADRUPOLE, L=0.15, K1:=KQF;

OD: QUADRUPOLE, L=0.075, K2:=KQD;

SF: SEXTUPOLE, 1=0.05, K2:= KSF;
SD: SEXTUPOLE, 1=0.05, K2:= KSD;
B: SBEND, L=0.7, ANGLE=TWOPI/60;
FODO: LINE=(QD,D,sD,D,B,D,SF,D,QF,D,SF,D,B,D,SD,D,QD);
Nrij=3; //Beam energy, GeV
beam, particle=electron,energy=Nrj, radiate=false;
USE, PERIOD=FODO;
MATCH, SEQUENCE = FODO;
CONSTRAINT, SEQUENCE=FODO, RANGE=#E, MUX=0.27, MUY=0.27;
VARY, NAME=KQF, STEP=1E-6;
VARY, NAME=KQD, STEP=1E-6;
jacobian, calls=30, tolerance=le-15, bisec=jac_bisec, strategy=1;
ENDMATCH;
USE, period=FODO;
match, sequence=FODO, chrom;
vary, name=KSF, step=0.0001;
vary, name=KSD, step=0.0001;
global, sequence=FODO, dgl=0,dg2=0;
jacobian, calls=30, tolerance=le-15, bisec=jac_bisec, strategy=1;
endmatch;
set, format="22.15g";
select, flag=twiss, clear;

select, flag=twiss, COLUMN=S, NAME, keyword, L, BETX, BETY, ALFX, ALFY, MUX, MUY, DX, DPX,
DY, DPY, DDX, DDPX, WX, PHIX, WY, PHIY,ANGLE,E1,E2, TILT,K1L,K2L, K3L;

USE, period=FO0DO;
TWISS, file="twiss.tfs";

PLOT, TABLE=TWISS, TITLE="FODO", HAXIS=S,VAXIS1=BETX,BETY, VAXIS2=DX, COLOUR=100,I
NTERPOLATE, —-noversion;
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delete, table=tracksumm;
i=0;
EM=70e-12;
betx=0.793730100900356;
use, sequence=FO0DO;
ptc_create_universe;
ptc_create layout, time=true, model=2, exact=false, method=6, nst=10;
while (1<1000) {

ptc_start,x=sqrt(EM*betx)*GAUSS(),px=sqrt(EM/betx)*GAUSS(),
y=0, py=0,pt=0, T=0;

i=i+1;
}i

ptc_track, icase=4,closed orbit,dump,maxaper={100,100,100,100,100,100},
turns=1025, ffile=1;

ptc_track_end;

ptc_end;
write, table=tracksumm, file="ptc table.tfs";
Value, TABLE (SUMM, Q1) ;
Value, TABLE (SUMM, Q2);

return;

8.3. Ilpuiao:kenue 3

#include <fstream>
#include <stdio.h>
#include <stdlib.h>
#include <math.h>
#include <iostream>
#include "TROOT.h"
#include "TFile.h"
#include "TTree.h"
#include "TGraph.h"
#include "TGraphErrors.h"
#include "TCanvas.h"
#include "TMath.h"
struct track t{

Double t X,PX,Y,PY,T,PT,S,E;

UInt t part, turn,obs;
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UInt t Stable turns;
Int_t not;

Int t treer(UInt t Stability turns,UInt t obs, UInt t part,
UInt t num part) {

Stable turns=Stability turns;
char f£ile[100007;
std::ifstream from;

track t entry;

string buffer;

UInt t i obs=0;

UInt t i part=0;

TFile *out=0;

UInt t num obs,

if( (out=(TFile*)gROOT->FindObject ("out")) ) out->Close();

out=new TFile("track.root","RECREATE") ;

TTree *tree=0;

if( (tree=(TTree*)gDirectory->Get ("tree")) ) delete tree;

tree=new TTree ("tree","tracking data");

tree -> Branch ("track", &entry.X, "X/D: PX: Y:
part/i:turn:obs");

TEntryList *1list=0;

if( (list=(TEntryList*)gDirectory->Get ("list" )) )

PY: T: PT: S: E:

delete list;

list=new TEntryList ("list" ,"stable particles" ,tree);

do{

do{

sprintf (file,"../../track.obs%04u.ps04u",

obs+i obs,part+i part);
from.open (file);

if

('from) { std::cout<< "Error opening file " << file << std::endl; }

{

while( from && (from.peek()=='*' || from.peek()=="5" ||

from.peek ()=="0") ) {

getline (from,buffer);

}while (from>>entry.part>>entry.turn>>entry.X>>entry.PX>>entry.Y¥>>entry.P

Y>>entry.T>>entry.PT>>entry.S>>entry.E) {

if(from.fail() || from.bad()){ std::cout<<"Error

reading file "<<file<<std::endl;
entry.obs=obs+i obs;

tree->Fill () ;

}



29

PHIX old=PHIX;
PHIY old=PHIY;
}
if (entry.turn==Stability turns) {

tree->Draw (">>+ list", Form("part==%u",
entry.part), "entrylist", Stability turns+l, tree -> GetEntries () -
(Stability turns + 1)); }

}
from.close () ;
++1 part;
}while (i part<num part);
i part=0;
++i obs;
}while (i obs<num obs) ;
out->Write();
out->Close () ;
return 0;
}

void mean(UInt t Stability turns,UInt t obs, UlInt t part, UInt t num obs,
UInt t num part, Double t* a,Double t* b,Double t* c,Double t* d, Double t*
e,Double t* ef,Double t* g,Double t* h,Int t* p, Double t* J) {

TFile *out=0;
if( (out=(TFile*)gROOT->FindObject ("out")) ) out->Close();
out=new TFile("track.root","read");

TTree *tree = (TTree*)out->Get ("tree");
tree->SetEstimate (-1);

track t entry;
tree->SetBranchAddress ("track", &entry.X) ;

Int t i=0;

Int t j=0;

Int t nentries=tree->GetEntries();

for (j =0; Jj<nentries; j++) {
tree->GetEntry (Jj);
plentry.turn]+=entry.part;
alentry.turn]+=entry.X;
blentry.turn]+=entry.PX;
clentry.turn]+=pow(entry.X,?2);

dlentry.turn] +=pow (entry.PX,2) ;
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for (i=0;i<=Stable turns;i++) {

if(p[i]==0){ cout<<"All particles were lost at turn number
"<<i<<endl; not=i-1; break;}

else{not=Stable turns;}

a[i]l=a[i]/ (Double t)pl[i];
b[il=b[i]/ (Double t)pl[i];
cl[il=c[i]/ (Double t)plil;

d[i]=d[i]/ (Double t)pl[i];

for () =0; J<=1024; J++){
e[jl+=pow ((entry.X-a[entry.turn]),2)/(p[J]l-1);
ef[jl+=pow((entry.PX-b[entry.turn]),2)/(pljl-1);
gl[jl+=pow ((entry.X*entry.X-c[entry.turn]),?2)/(p[jl-1);

h[j]+=pow ((entry.PX*entry.PX-d[entry.turn]),2)/(p[jl-1);

for(j =0; <=1024; F++){
eljl=sqrt(eljl);
ef[jl=sqrt(ef[j]);
gljl=sqrt(gljl);

h(j]l=sqrt(h([j]);

}

void emittance (UInt t Stability turns,UInt t obs, UInt t part, UInt t num obs,
UInt t num part) {

const int n=1025;
Int t partic[n]={0};

Double t EX[n]={0},EPX[n]={0}, EX2[n]={0}, EPX2[n]={0}, EXPX[n]={0},
emit[n]={0}, turnl[n], dt[n]={0},DX[n]={0}, DPX[n]={0},DX2[n]={0},DPX2[n]={0},
DXPX[n]={0}, Demit[n]={0};

treer (Stability turns,obs, part, num obs, num part);

mean (Stability turns,obs, part, num obs, num part, EX, EPX, EX2,EPX2,
DX, DPX, DX2,DPX2, partic, JXO0);

for (int i=0;1i<1025;1i++) {
EXPX[i]=EX[1] *EPX[1i];
DXPX[1]=(EPX[1]*DX[1]+EX[1]*DPX[1]);
turnl[i]=(Double t)i;

}

for(int i=0;i<1025;1i++) {

emit[i]=sqrt (EX2[1]*EPX2[1]-EXPX[1] *EXPX[1i]) ;
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Demit[1]=0.5* (DX2[1]*EPX2 [1]+DPX2[1]*EX2[1])/ (sqrt (EX2[1]*EPX2[1]-
EXPX[1]*EXPX[1]))-2* (EX[1]*EPX[1]*EPX[1]*DX[1i]+DPX[1]*EPX[1]*EX[1]*EX[1])

}

ofstream f;

f.open("Data.txt");

f << "Ha 0 obGopore:" << endl;

f<< "CpenHee X:\t" <<EX[0]<< "+-" <<DX[0]<<endl;

f<< "Cpemnee PX:\t" <<KEPX[0]<< "+-" <<DPX[0]<<endl;

f<< "Cpennexkpanparnunoe X:\t" <<KEX2[0]<< "+-" <<DX2[0]<<endl;

f<< "Cpennexpampartuunoe PX:\t" <<KEPX2[0]<< "+-" <<DPX2[0]<<endl;

f<< "Cpennee XPX:\t" <<KEXPX[0]<< "+-" <<DXPX[0]<<endl;

f<< "CryiemoBarTesnibHo, svuTTaHc paBeH: \t" <<emit[0]<< "+-" <<Demit[0]<<endl;
f<< "Ha nocysenHeMm cTabuibHOM obOopoTe obopore:" <<endl;

f<< "Cpennee X:\t" <<EX[not]<< "+-" <<DX[not]<<endl;;

f<< "Cpemnee PX:\t" <<EPX[not]<< "+-" <<DPX[not]<<endl;;

f<< "Cpennvexkpanparuunoe X:\t" <<KEX2[not]<< "+-" <<DX2[not]<<endl;;

f<< "Cpennexpanparuunoe PX:\t" <<KEPX2[not]<< "+-" <<DPX2[not]<<endl;;
f<< "Cpennee XPX:\t" <<KEXPX[not]<< "+-" <<DXPX[not]<<endl;

f << "CrnemoBaTesibHO, sMMTTaHC paBeH: \t" <<emit[not]<< "+-" << Demit[not];
f.close();

TGraphErrors *grl = new TGraphErrors (1025, turnl, emit,dt,Demit);
TCanvas *cl = new TCanvas( "cl", "Graph Draw Options",200,10,600,400);

grl->Draw ("ALP") ;

8.4. Ilpunoxenue 4

#include <iostream>
#include <fstream>
#include <string>
#include <sstream>
#include <iomanip>
#include "TROOT.h"
#include "TDirectory.h"
#include "TFile.h"
#include "TTree.h"
#include "TGraph.h"
#include "TMultiGraph.h"

#include "TPad.h"
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#include "TCanvas.h"

#include "TPad.h"

#include "TLegend.h"

#include "TString.h"

#include "TObjString.h"

#include "TCut.h"

#include "TH1F.h"

#include "TStyle.h"

#include "TMath.h"

Double t Energy,Length,Alfa,Qx,Qy,R; // eV, m

struct optic_ t{

DDX,

}s

Double t S, L, BETX, BETY, ALFX, ALFY, MUX, MUY, DX, DPX, DY,
DDPX, WX, PHIX, WY, PHIY, ANGLE, El, E2, TILT, K1L, K2L, K3L, PHIA;

int treer (char* file) {

std::ifstream from;

optic_t entry;

entry.PHIA=0.0;

std::string buffer;
std::istringstream buffer stream;

TFile *out=0;

DPY,

if ( (out=(TFile*)gROOT->GetListOfFiles () ->FindObject ("out")) )

delete out;

out=new TFile ("cern.root","RECREATE") ;
TTree *tree=0;
if( (tree=(TTree*)gDirectory->Get ("tree")) ) delete tree;

tree=new TTree ("tree","optics data");

tree-> Branch("optics", &entry.S, "S/D: L: BETX: BETY: ALFX:

ALFY:
TILT:

MUX: MUY: DX: DPX: DY: DPY: DDX: DDPX: WX: PHIX: WY: PHIY: ANGLE: El: E2:
K1L: K2L: K3L: PHIA");

std::cout<<"Reading "<<file<<std::endl;

from.open (file);

if (!from){ std::cout<<"Error opening file"<<endl; from.close(); exit(1l);}

else(

while ( from && (from.peek ()=="*" | from.peek ()=="5"

from.peek ()=="C") ) {

getline (from,buffer);
}

while (from>>entry.S>>name_str>>type str>>entry.L>>entry.BETX>>entry.BETY
>>entry.ALEFX>>entry.ALFY>>entry.MUX>>entry . .MUY>>entry.DX>>entry.DPX>>entry.DY
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>>entry.DPY>>entry.DDX>>entry.DDPX>>entry.WX>>entry.PHIX>>entry.WY>>entry.PHI
Y>>entry.ANGLE>>entry.El>>entry.E2>>entry.TILT>>entry.K1L>>entry.K2L>>entry.K

3L)
{

if(from.fail () [ from.bad()) {

reading\n"; return 1;}

}

name str.ReplaceAll ("\"","");
name.SetString(name str.Data());
type str.ReplaceAll ("\"","");

type.SetString(type str.Data());

entry.PHIA+=entry.ANGLE;

}

tree->Fill () ;

}
tree->Write () ;
out->Close() ;

return 0O;

void plotdistortion () {

TFile *out=0;

std::cout<<"Error

if ((out=(TFile*)gROOT->GetListOfFiles () ->FindObject ("out"))) delete out;

out=new TFile("cern.root","READ");
TTree *tree = (TTree*)out->Get ("tree");
Long64 t nentries=tree->GetEntries();
optic_t entry;
tree->SetBranchAddress ("optics", &entry.S) ;
Int t i=0,3=0;

Double t *s=new Double t[nentries];
Double t *betx=new Double t[nentries];
Double t *bety=new Double t[nentries];
Double t *phix=new Double t[nentries];
Double t *phiy=new Double t[nentries];
Double t *k21 =new Double t[nentries];
Double t *bl=new Double t[nentries];
Double t *al=new Double t[nentries];
Double t *b3=new Double t[nentries];

Double t *a3=new Double t[nentries];



34

for (i=0; i<nentries; i++) {
tree->GetEntry (i) ;
s[i]=entry.S;
betx[i]=entry.BETX;
bety[i]l=entry.BETY;
phix[i]=TMath: :TwoPi () *entry.MUX;
phiy[i]=TMath: :TwoPi () *entry.MUY;

k21[i]=entry.K2L;

bl[1]1=0.0;
alli]= ;
b3[11=0.0;
a3li]= ;

}
for (i=0; i<nentries; i++) {
for (j=i+1; j<nentries; Jj++) {

bl[i]+=k21[§]*pow (betx[j],1.5)*cos (phix[j]-phix[i]-
TMath::Pi () *Qx) ;

b3[i]+=k21[§]*pow (betx[j],1.5)*cos (3* (phix[j]-phix[i]-
TMath: :Pi () *Ox)) ;

al[il+=k21[3]*pow (betx[3], .5) *sin (phix[j]-phix[i]-
TMath::Pi()*0Ox );

a3[1i]+=k21[3]*pow (betx[j],1.5)*sin (3* (phix[j]-phix[i]-
TMath::Pi () *Qx)) ;

}
for (7=0; j<=i; j++){

bl[i]1+=k21[]]*pow (betx[]j], ) *cos (phix [J] -
phix[i]+TMath::Pi () *Qx ) ;

P3[i]+=k21[]j]*pow (betx[]], ) *cos (3* (phix[j]1-
phix[i]+TMath::Pi () *QOx));

al[i]+=k21[j]*pow (betx[]], ) *sin(phix[j]-
phix[i]+TMath::Pi () *Ox) ;

a3[1i]+=k21[5]*pow (betx[j],1.5) *sin (3* (phix[]]-
phix[i]+TMath: :Pi () *Qx)) ;

}

for (i=0; i<nentries; i++){

bl[i]/=2.*sgrt (2.)*2.*sin(TMath::Pi () *Ox) ;
all[i]l/=2.*sqrt(2.)*2.*sin(TMath::Pi () *QOx) ;
P3[1i]1/=2.*%sqgrt (2.)*2.*sin (3*TMath: :Pi () *Qx) ;

a3[i]/=2.*sqrt(2.)*2.*sin(3*TMath::Pi () *Qx) ;
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}

Double t EX, EX2, DX2, EPX, EPX2, DPX2, EXPX, EM, EMO;
EMO=70e-12;

EX=(-1)*sgrt (2*betx[0]) *EMO*b1[0];

EX2=EMO*betx [0]-EMO*EMO*betx [0]/4*5* (3*al[0]*al[0]+2*al[0]*a3[0]~-
3*pl[0]1*b1[0]1+2*b1[0]1*b3[0]) ;

DX2=EMO*betx[0]-1/4 *EMO*EMO*betx[0]* (15*al[0]*al[0] + 10*al[0]1*a3[0] +
b1[O0]*b1[0]+ ;C*bl[\]*b3[ 1)

EPX=sqgrt (2/betx[0]) *EMO* (b1 [0] *alphax[0]-al[0]);

EPX2=EMO* (1+pow (alphax[0],2)) /betx[0]-5/4*EMO*EMO/betx [0]* ( (1
pow (alphax[0],2))*((-3)*al[0]*al[0]+3*b1[0]*b1[0]-2*al[0]*a3([0]~-
2*b1[0]1*b3[0])+alphax[0]* (6*al[0]1*b1[0]1+4*al[0]1*b3[0]1-4*b1[0]1*a3[01));
DPX2=EMO* (1+pow (alphax[0] ) /betx [0]-EMO*EMO/4/betx[0]1*((1 + 15 * pow
(alphax[C],2))*al[@]*al[@]+4*alphax[@]*al[0]*(7*bl[O]+5*b3[O])+lO*al[O]*a3[O]

* (pow (alphax[0],2)-1)+b1[0]1*b1l[0]* (15+pow (alphax[0],2)) -
0*b1[0]* (b3[0]+2*%alphax[0]*a3[0]-b3[0]*pow (alphax[0],2)));

EXPX=(-1)*EMO*alphax [0]+1/4*EMO*EMO* (15*al[0]*al[0]*alphax[0]1+b1[0]* ((~
'C)*a3[C] (b1[0]1+10*b3[0]) *alphax[0])+2*al[0]* (/*b1[0]+5* (b3[0]+alphax[0]*a3[
01))) 7

EM=EMO-2*EMO*EMO* (al[0]*al[0]+b1[0]*b1[0]);

Ot

ofstream f;

f.open("Data.txt");

f<<"Cpenuee X:\t"<<EX<<endl;

f<<"Cpennee PX:\t"<<EPX<<endl;
f<<"Cpennexpanparnunoe X:\tL"<<DX2<<endl;
f<<"Cpennexpamparmuunoe PX:\t"<<DPX2<<endl;
f<<"Cpentee XPX:\t"<<EXPX<<endl;
f<<"CrpemoBaTejyibHO, 3MUTTaAHC paBeH:\t"<<EM<<endl;

f.close();

TGraph *gr B1=0;
if ( (gr Bl=(TGraph*)gDirectory->Get ("gr B1")) ) delete gr Bl;
gr Bl=new TGraph (nentries,s,bl);
gr Bl->SetTitle("B {1}");
gr_ Bl->SetMarkerColor (kBlue) ;
gr_ Bl->SetLineColor (kBlue);
gr Bl->SetFillColor (kWhite);
gr Bl->SetMarkerStyle(7);
TGraph *gr Al=
if( (gr_Al=(TGraph*)gDirectory->Get ("gr Al")) ) delete gr Al;

gr Al=new TGraph (nentries,s,al);
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gr Al->SetTitle("A {1}");

gr Al->SetMarkerColor (kRed) ;

gr Al->SetLineColor (kRed) ;

gr Al->SetFillColor (kWhite);

gr Al->SetMarkerStyle(7);
TMultiGraph *mg distl = 0;

if( (mg _distl=(TMultiGraph*)gDirectory->Get ("mg distl")) ) delete
mg_distl;

mg distl= new TMultiGraph();
mg_distl->Add(gr Bl,"1p");
mg distl->Add(gr Al,"1p");
TGraph *gr B3=0;
if( (gr_B3=(TGraph*)gDirectory->Get ("gr B3")) ) delete gr B3;
gr B3=new TGraph (nentries,s,b3);
gr B3->SetTitle("B {3}");
gr_ B3->SetMarkerColor (kBlue) ;
gr B3->SetLineColor (kBlue);
gr B3->SetFillColor (kWhite);
gr B3->SetMarkerStyle(7);
TGraph *gr A3=0;
if( (gr A3=(TGraph*)gDirectory->Get ("gr A3")) ) delete gr A3;
gr A3=new TGraph (nentries,s,a3);
gr A3->SetTitle("A {3}");
gr A3->SetMarkerColor (kRed) ;
gr A3->SetLineColor (kRed);
gr A3->SetFillColor (kWhite);
gr A3->SetMarkerStyle(7);
TMultiGraph *mg dist3 = 0;

if( (mg _dist3=(TMultiGraph*)gDirectory->Get ("mg dist3")) ) delete
mg_dist3;

mg dist3= new TMultiGraph();
mg_dist3->Add(gr B3,"1p");

mg_dist3->Add(gr_A3,"1p");

gStyle->SetLabelSize (0.05, "XY");
gStyle->SetTitleSize (0.05, "XY");
gStyle->SetTitleXOffset (0.9);

gStyle->SetTitleYOffset (1) ;

TCanvas *c_dist=0;
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if( (c_dist=(TCanvas*)gROOT->FindObject ("c dist")) ) delete c dist;
c _dist = new TCanvas("c dist","Plot",0,0,1200,680);

c _dist->Divide(1,?2);

c dist->cd(1);
mg distl->Draw ("A");
TLegend *legl=gPad->BuildLegend (0.92,0.8,0.975,0.9);
legl->SetFillColor (kWhite) ;
mg distl->GetXaxis ()->SetTitle("S, m");
mg distl->GetYaxis()->SetTitle ("B {1},A {1}, m {-2}");
gPad->Modified() ;

c dist->cd(2);
mg dist3->Draw ("A");
TLegend *leg3=gPad->BuildLegend (0.92,0.8,0.975,0.9);
leg3->SetFillColor (kWhite) ;
mg_dist3->GetXaxis ()->SetTitle("Ss, m");
mg_dist3->GetYaxis ()->SetTitle ("B {3},A {3}, m " {-2}");
gbPad->Modified() ;

c_dist->Update() ;

delete[] s;

delete[] betx;

delete[] bety;

delete[] phix;

delete[] phiy;

delete[] k21;

delete[] bl;

delete[] al;

delete[] b3;

delete[] a3;

}
void plot madx () {
char* file = "twiss.tfs";
treer (file);

plotdistortion();

8.5. IlpuiaoxkeHue 5

option, -echo, -info,warn, -no_fatal stop;
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TITLE, 'Example 2: SKIF.MADX';

none = 0; k1 gqgm03 = 4.69871387056912; k1 ggmO02 = -4.69946236750035; tbf2 =
0.0351384608523084;k1 bf2 = 0;tbd2z = 0;k1 bd2 = 4.72012908178626;k2 sd =
228.970158709681; tbd = -0.00455185444994243; k1l bd = 5.07698699415851; k2 sf

= -239.511390984404; tbf = 0.0735881408987063; k1l bf = -0.756386861479606; tbdi
= -0.00460736742632279; kl bdi = 5.11946706262366; k2 sfi = -239.511390984404;
tbfi = 0.0294214084257335; atme = 0.0644844319988214; tbi = 0.01485635; k1 bfi
= -1.06556062300676; tbd2t = 0; k1l bd2t = 4.72012908178626; tbf2t
0.0351384608523084; k1l bf2t = 0; k1 ggm02t = -5.12561224158368; kl ggm03t
6.10862805949363; kl ggmO4t = -0.29713472925691; iid2length = 59.5176094700135;
ilengthl = 6.22740236750338; ddsl = 3; dds2 = 0.121702367503376; dds3 = 0.2228;
dds4 = 1.0371; dds5 = 0.4458; ellength = 3.4608; dd2 = 0.2815; ddl = 0.6489;
e2length = 3.4608; dd2i = 0.2805; ddli = 0.6749; dd0Oi = 0.119627738095238;
idlengthr = 6.22740236750338; ddsOt = 2.5768; ddslt = 0.2232; dds2t
0.121702367503376; dds3t = 0.2228; dds4t = 1.0371; dds5t = 0.4458; idlengthl =
6.22740236750338; ilengthr = 6.22740236750338;

KSF = -239.511390984404; KSD = 228.970158709681; gfl = 4.69871387056912; qgdl =
-4.69946236750035; gf2 = 6.10862805949363; gd2 = -5.12561224158368; qd3 = -
0.29713472925691;

al.start: marker;

ill.start: marker;

gam03: quadrupole, 1= 0.3,kl:=qgfl;

gagm02: quadrupole, 1= 0.3, kl:=qgdl;

bf2l: sbend, 1= 0.325,angle= 0.0175692304261542,kl= 0,el= 0.0175692304261542;
bf2r: sbend, 1= 0.325,angle= 0.0175692304261542,kl= 0,e2= 0.0175692304261542;
bd2: sbend,1= 0.15,angle= 0,kl= 4.72012908178626,el= 0,e2= 0;

ill.end: marker;

cl.start: marker;

sd: sextupole,l= 0.15,%k2=KSD;

bd: sbend,l1= 0.15,angle= -0.00455185444994243,kl= 5.07698699415851,el= -
0.00227592722497121,e2= -0.00227592722497121;

sf: sextupole,l= 0.25, k2=KSF;

bfl: sbend, 1= 0.325,angle= 0.0183970352246766,kl= -0.756386861479606,el=
0.0367940704493532;

bf: sbend, 1= 0.325,angle= 0.0183970352246766,kl= -0.756386861479606;
cl.cma: marker;

bfr: sbend, 1= 0.325,angle= 0.0183970352246766,kl= -0.756386861479606,e2=
0.0367940704493532;

cl.end: marker;
sl.start: marker;

bdi: sbend,l= 0.15,angle= -0.00460736742632279,kl1= 5.11946706262366,el= -
0.00230368371316139,e2= -0.00230368371316139;
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sfi: sextupole,l= 0.25,%k2=KSF;

bfil: sbend, 1= 0.235,angle= 0.0147107042128668,kl= -1.06556062300676,el=
0.0147107042128668;

bfir: sbend, 1= 0.235,angle= 0.0147107042128668,kl= -1.06556062300676,e2=
0.0147107042128668;

bil: sbend,1= 0.017686130952381,angle= 0.0037140875,el= 0.007428175;
bi: sbend,1= 0.017686130952381,angle= 0.0037140875;

sl.sma: marker;

bir: sbend,1= 0.017686130952381,angle= 0.0037140875,e2= 0.007428175;
sl.end: marker;

idrl.start: marker;

bd2t: sbend, 1= 0.15,angle= 0,kl= 4.72012908178626,el= 0,e2= 0;
bf21lt: sbend, 1= 0.325,angle= 0.0175692304261542,kl= 0,el= 0.0175692304261542;
bf2rt: sbend, 1= 0.325,angle= 0.0175692304261542,kl= 0,e2= 0.0175692304261542;
gagmO02t: quadrupole, 1= 0.3,kl:= gd2;

gam03t: quadrupole, 1= 0.3,kl:=qgf2;

gagmO4t: quadrupole,l= 0.2,kl:=qgd3;

idrl.end: marker;

al.centr: marker;

idll.start: marker;

idll.end: marker;

irl.start: marker;

irl.end: marker;

al.end: marker;

rfl: rfcavity,1l= 1e-005,volt= 0.75,lag= 0.5,harmon= 567;

RF3: RFCAVITY, 1L=0.1, HARMON=1701, VOLT=0.0, LAG=0.5;

kickl :HKICKER, L=0.25, KICK=0;

kick2:HKICKER, 1L=0.25, KICK=0;

kick3:HKICKER, L=0.25, KICK=0;

kick4:HKICKER, L=0.25, KICK=0;

ring: sequence, 1 = 8 * iid2length ;

al.start, at = 0; al.start, at = 0; ill.start, at = -1.33226762955019%9e-015;
rfl, at = 0.050005; ggmO03, at = 3.15; ggm02, at = 3.57170236750337; bf2l, at
4.10700236750337; bf2r, at = 4.43200236750337; bd2, at = 5.70660236750337;
ill.end, at = 6.22740236750337; cl.start, at = 6.22740236750338; sd, at =
6.30240236750338; bd, at = 6.58390236750338; sf, at = 7.11280236750338; bfl, at
= 7.47030236750338; bf, at = 7.79530236750338; cl.cma, at = 7.95780236750338;



40

bf, at = 8.12030236750338; bfr, at = 8.44530236750338; st, at =
8.80280236750338; bd, at = 9.33170236750338; sd, at = 9.61320236750338; cl.end,
at = 9.68820236750338; cl.start, at = 9.68820236750338; sd, at =

9.76320236750338; bd, at = 10.0447023675034; sf, at = 10.5736023675034; bfl, at
= 10.9311023675034; bf, at = 11.2561023675034; cl.cma, at = 11.4186023675034;

bf, at = 11.5811023675034; bfr, at = 11.9061023675034; sf, at =
12.2636023675034; bd, at = 12.7925023675034; sd, at = 13.0740023675034; cl.end,
at = 13.1490023675034; sl.start, at = 13.1490023675034; sd, at =

13.2240023675034; bdi, at = 13.5045023675034; sfi, at = 14.0094023675034; bfil,
at = 14.3719023675034; bfir, at = 14.6069023675034; bil, at = 14.8528731710748;
bi, at = 14.8705593020272; sl.sma, at = 14.8794023675034; bi, at =
14.8882454329796; bir, at = 14.9059315639319; bfil, at = 15.1519023675034; bfir,
at = 15.3869023675034; sfi, at = 15.7494023675034; bdi, at = 16.2543023675034;
sd, at = 16.5348023675034; sl.end, at = 16.6098023675034; cl.start, at =
16.6098023675034; sd, at = 16.6848023675034; bd, at = 16.9663023675034; sf, at
= 17.4952023675034; bfl, at = 17.8527023675034; bf, at = 18.1777023675034;
cl.cma, at = 18.3402023675034; bf, at = 18.5027023675034; Dbfr, at =
18.8277023675034; sf, at = 19.1852023675034; bd, at = 19.7141023675034; sd, at
= 19.9956023675034; cl.end, at = 20.0706023675034; cl.start, at =
20.0706023675034; sd, at = 20.1456023675034; bd, at = 20.4271023675034; sf, at
= 20.9560023675034; bfl, at = 21.3135023675034; bf, at = 21.6385023675034;
cl.cma, at = 21.8010023675034; Dbf, at = 21.9635023675034; Dbfr, at =
22.2885023675034; sf, at = 22.6460023675034; bd, at = 23.1749023675034; sd, at
= 23.4564023675034; cl.end, at = 23.5314023675034; idrl.start, at =
23.5314023675034; bd2t, at = 24.0522023675034; bf2lt, at = 25.3268023675034;
bf2rt, at = 25.6518023675034; qggm02t, at = 26.1871023675034; qggmO3t, at =
26.6088047350068; qgm04t, at = 27.0820047350068; idrl.end, at =
29.7588047350067; al.centr, at = 29.7588047350067; idll.start, at =
29.7588047350068; ggm04t, at = 32.4356047350068; ggmO03t, at = 32.9088047350068;
ggmO02t, at = 33.3305071025101; bf2lt, at = 33.8658071025101; bf2rt, at =
34.1908071025101; bd2t, at = 35.4654071025101; idll.end, at = 35.9862071025101;
cl.start, at = 35.9862071025101; =sd, at = 36.0612071025101; bd, at =
36.3427071025101; sf, at = 36.8716071025101; bfl, at = 37.2291071025101; bf, at
= 37.5541071025101; cl.cma, at = 37.7166071025101; bf, at = 37.8791071025101;

bfr, at = 38.2041071025101; st, at = 38.5616071025101; bd, at =
39.0905071025101; sd, at = 39.3720071025101; cl.end, at = 39.4470071025101;
cl.start, at = 39.4470071025101; sd, at = 39.5220071025101; bd, at =

39.8035071025101; sf, at = 40.3324071025101; bfl, at = 40.6899071025101; bf, at
= 41.0149071025101; cl.cma, at = 41.1774071025101; bf, at = 41.3399071025101;

bfr, at = 41.6649071025101; sf, at = 42.0224071025101; bd, at =
42.5513071025101; sd, at = 42.8328071025101; cl.end, at = 42.9078071025101;
cl.start, at = 42.9078071025101; sd, at = 42.9828071025101; bd, at =

43.2643071025101; sf, at = 43.7932071025101; bfl, at = 44.1507071025101; bf, at
= 44.4757071025101; cl.cma, at = 44.6382071025101; bf, at = 44.8007071025101;

bfr, at = 45.1257071025101; sf, at = 45.4832071025101; bd, at =
46.0121071025101; sd, at = 46.2936071025101; cl.end, at = 46.3686071025101;
cl.start, at = 46.3686071025101; sd, at = 46.4436071025101; bd, at =

46.7251071025101; sf, at = 47.2540071025101; bfl, at = 47.6115071025101; bf, at
= 47.9365071025101; cl.cma, at = 48.0990071025101; bf, at = 48.2615071025101;

bfr, at = 48.5865071025101; sf, at = 48.9440071025101; bd, at =
49.4729071025101; sd, at = 49.7544071025101; cl.end, at = 49.8294071025101;
cl.start, at = 49.8294071025101; sd, at = 49.9044071025101; bd, at =

50.1859071025101; sf, at = 50.7148071025101; bfl, at = 51.0723071025101; bf, at
= 51.3973071025101; cl.cma, at = 51.5598071025101; bf, at = 51.7223071025101;
bfr, at = 52.0473071025101; sf, at = 52.4048071025101; bd, at =



41

52.9337071025101; sd, at = 53.2152071025101; kickl, at = 53.513107102510105;
bd2, at = 53.8110071025101; bf21, at = 55.0856071025101; Dbf2r, at =
55.4106071025101;9ggm02, at = 55.9459071025101; qgqgm03, at = 56.3676094700135;
kick2, at = 56.7426094700135; RF3, at = 56.9176094700135;

.3IOech g omnyckaw majibHeMnMe ONMCaHMe CTPYKTYPH, T.K. OHAa NepuoIMyHa. BcCce HyXHHEe
HaM 3JIEMEHTH [IePEeUNVCJIeHEl BHIIE..

endsequence;

seqedit, sequence=ring;

install, element=A2.START ,class=MARKER, at QOMO03->L/2+43, from=QQM03[4] ;

install, element=A2 .MIDDLE, class=MARKER, at

QOM03->1/2+3, from=QQM03[6] ;

install, element=A2.END ,class=MARKER, at

QOM03->L/2+3, from=QQM03[8] ;
segedit, sequence=ring;
flatten;
extract, sequence=ring, from=A2.START, to=A2 .MIDDLE, newname=one_ supercell;
endedit;
Nrj=3; //Beam energy, GeV
beam, particle=electron,energy=Nrj,radiate=false;
set, format="22.15g";
select, flag=twiss, clear;

select, flag=twiss, COLUMN=S, NAME, keyword, L, BETX, BETY, ALFX, ALFY, MUX, MUY, DX, DPX,
DY, DPY, DDX, DDPX, WX, PHIX, WY, PHIY, ANGLE,E1,E2, TILT,K1L, K2L, K3L;

USE, period=FODO;
TWISS, file="twiss.tfs";

PLOT, TABLE=TWISS, TITLE="FODO", HAXIS=S,VAXIS1=BETX,BETY, VAXIS2=DX, COLOUR=100,1I
NTERPOLATE, —noversion;

delete, table=tracksumm;
i=0;
EM=70e-12;
betx=14.2439966206815;
use, sequence=F0DO;
ptc_create_universe;
ptc_create layout, time=true, model=2, exact=false, method=6, nst=10;
while (1<100000) {

ptc_start, x=sqrt (EM*betx) *GAUSS () , px=sqrt (EM/betx) *GAUSS () ,
y=0, py=0,pt=0, T=0;

i=i+1;

}i
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ptc_track, icase=4,closed orbit,dump,maxaper={100,100,100,100,100,100},
turns=1025, ffile=1;
ptc_track_end;
ptc_end;
write, table=tracksumm, file="ptc table.tfs";
Value, TABLE (SUMM, Q1);
Value, TABLE (SUMM, Q2);

return;



