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are S4 = E+4_

,

84⼗ ⼆ EtF.SE ⼆ 0

SI-o.SE ⼆ O.SE ⼆ E+22
_t.SI

⼆ )
。
( E+4⼀) 2

。0T -2,
(44⼀) 2 , 中 - W

"

(4 ) ( E+4⼀) Ū年 ) ① candout
①

ti (G , 2⽇ ) ( 2。+2,14_ ti E 的。

- 2
.
) (EF )bythequatnnof_i.net

-

z

- W
"

(4 ) (GF 1 4-.-
Ū
"

(I) (G.ziz.tl 4
+2

mtīm F -_-ŪID

⼆ 的
。G) 4_ ( 2。 47 ⼗ Et (2。七 ) (汗 ) : ( 可414_ (汗 ) - G (2.七 ) ( 2,47

4

-4的。-2,1吼的
。+2,14-J.EE中。 -2,1 EIŪ

'

(E)

iiij-i.it

⼆ 的
。G) 4_ (汗 ) - ( 可4) 4_ (汗 ) - E+ (汗 ) (2,4⼀) +4(汗 ) (2。 4-1

ī ,
⼀

⼆

- EEN -2,1幻 Ū年 )

mtegratnnbypatslThen.fdxL-fdxltako-2.lt4
_

ti EŪŪIE+12。 可 474_ |( 可 Et ) [(不到Iti EÜŪ ) 1 + E+ 1的:D 4
_

Canceli

Fmdly , smce Et

Barbitrary.weknowthattheconseweredcuweutsaregnenbyG.to-2,1 Itti EŪŪ 1] = 2 2- 4- ⼗ iEŪID
audthecorrespondugcihitt.EE⼼啊 = 2 2⼀年 4

_

- iEŪŪ )

consewedchargesarefdiciandfdiGISmilaramputatimc.byfocusngontheE.EEtermsmSL.wewilgetaltheconseweredcuweutsGE.GE
,

EE.Candthe.ir conespondng supercharges ,

Next
, wecomputetheconsewedchargeofaxialntat.vn:4 -4,4⼟

⼼

以

牡
,

Thevariatonofaxialwtatmisg.ven by 的 4 ⼆ 0
,
SAI 0

,

⾃ 4,==
2 ēiecy

⼆ FECYE.SI = ⼟icE.SE
EO

Then
,
we have



SAS-fdic.FI 2 。+2,14_ _ I ( ⼦ 。
+2

, ) ( c.4-1-c.EC 2
。-2,14+ +5 的。

- 可 )《 -4+1

-wititic 4⼗) 4_ _ w
"

(4) 4+ (iii)till-icEIE-niniiiii.io"
。

⼆ 似的。41 4
_

+54+1 +12.cl -Et我 4+1
iiicorvespondug currents :
A

supercharges : FAY 指di.Fmally.wecomputetheconsewedchargeofvectorntat.vn : 4 - e
""⼼

4

underthecond.tn Wl到 ⼆ CÉ
.

4
±
- e

'""""
4
_

Thevariatonofaxialwtatmisgnenbylz.lk) īea
yeMKHKEGE

Sv4 =

2 e 4
- = iia 中

,

我在 ⼆ ⼆ (ii) ia 4±2 E
Eo 2 E

Eo

Svf -_- iiaōl
,

Sv4 -_- ( E - 1 )

iaEThen.wehavesvs-fdh.liia 4 12年+44 )北 iiat-2.li ia 4 12点 (可 4) 2.ti.at
ii-i.io -_--_-

tcklk-DIE.afl.ckftckf-cklk-ill-i.at
"

1

iotli-laF.li
。+2,14_ - E ( E - 1 ) ( 2。+2.1 ( at )

2

+ ( i - 1 )無 的
。 -2,14+ (

k
- 1 ) ( 2。 -aiiāfǐ

Z ià_
_
_

= O

- cklkt ) (⼼ ( kia 中⼼24+4
_

⼗ cklkt ) (⼼ (kiaf FE
。
⼆ ⼀ cklk-114

"

( E - 1 ) ia 4+4_tcklk-nfli-ljiaEE-cklk.lt"

4
+
( E - 1 ) ia4_tcklk-HTI.li -1 )

iaE-fixboallilt-i-I.it) - ( 2 - 1 ) ( I4.tt+4+17k
i Jǒ

+ (可以 li -4 可II. 2 , 中 ) + (
2
- 1 ) ( 4.tt+4+17

consewedcurreuts.kandthesupercha.ge
B Fv ⼆ f Jědx '

.

☒
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Homewak gij ⼆ Jijk 任 ,

Īl and (gijl > 0 ,

Lkifǎok任 ,

主 ) = -gjiiiǖtigij 4 旺 咩 t Rājkētitiǖǖ

tg.jlF-Ii.tt ) (ÉIǗFIǕ )
,

Show abae equdity ! !

profi Fist ,wehauetheexpressmi-oliM-iotii-ioi.ci -04.2.2+4年 04年 - iōiii
+04 iō 忙 +0 E.

É iii) + iòiitioiǖtsiiōǖ - iō球
-ōǖtiōiǖtō

UseyrexpansnnonklI.IT , weget
K任

,

Ē ) = K ( 4 , I) +2iklt.4T-iotii-i02.ci -0422+ i +0 É
+0+4年 ⼀ iō 4¥+04 EÒTI

+ 2jKH.FI tiōzǖtiōiǖ -0422+4 ōi
- ōǖ - iōiiōǖtiōii

tisikC) (⼀) +2ijkc.lt ) tispj (⼀) (⼀) ⼗ ⼀
.

Smcewearemtgraloverthemeasured40.weonlyfocusonthe.co
efficient of 04 m KIIĪ ) :

K任
,

Ī )
。

⼆ 2iklt.4T-2.su i) + 2jKH.FI -22+Ǖ
+2ijklt E) -2+iti +2ijklt E) -2+Ǖ球
+ 我 jk (中 ,

中 ) - 2
+i - 2

-

Ǘ +2 .ci 2+Ǖt ÉÉ
titiaǖ - iiiǖ tii-I-ittt.FI

⼗四⽇jklttt-ijf.4-I-iii.4ii-4.fi É

tziijkl4.tl.is#Tii+i2-f4iI+Tiit2e2E2ijK(4.D'4fǗYIǗ
_

Note that nnderthe Kàhler metric dEgcjdE@di.we have 不 9 ij
⼆ gsj Iki ,

我 9jg.is 唷 ,
and ⽟ 我 gjilgsj Iei ⼆ gsīǘjǛit Rijeī ,



mtegratnmbypats
c. L

Then
,
Lkm-2iklt.FI -22+ i) + 2jKH.FI -22+Ǖ

+2ijklt E) -2+iti +2ijklt E) -2+Ǖ球
+ gij-2-ii-2.ci +2 .ci 2+Ǖt ÉÉ
titiaǖ - iiiǖ tii-I-ittt.FI

tgsj嵫
。 iii. 4 I-iii.ciǖiiiǖ

+g-ij.is#Tii+i2-f4iI+Tiitgsp-IIjIei-RijeE'4fǗÜIĪ
⼆ 2jikkh.at?2+4it9ij2I.2+cit2i2jkl4b2.i.2+It9ijii.ii
+ 2ij.KH.D-iiiitsijk.lt I) -2+Ǖ球

与
2

+

gij 2
+Ü -2

_

Ǖ +2
_

Ü 2+4

tig ⼀ 球+2ǛǛǗ .itǕtitsiiii
-

⼀ 球 +2
_ǘǜiǘtitīiiizktipǘ

+ Rijkēliuhii
tgjiÉ - 唬 4:49ÉIǕǗǗF + Ieǖihiǘǘ

= ig.jo。+2,1 t.la。-2,1 Ǖ +12。-2,1 t.la。+2,1itzgj-lD.tn) Ǖ + É (吐 D. 4上 (D。

- D
. ) 4i-4.it ti ( D。- D,

4

+ Rijkēliuhii
tgij É -唬 4:49 ) (ÉIǕǗǗ

⼆g.jhizi-ii.si/=-gijiniIutegratnn'ti9ij4i(DotD,Yitigijti ( D。- D,
4 + Rjkēti ǛIǕǛ

bypautgji-Iii.tt ) (ÉIǕǗǗ .

#
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Hmewak Cmpute 2 point ,

4

pomtfunctmsuptol-loop.TT/iMcjXjtCijkeXiXjXkXecOs='fdxe0 ( X …⼼
ZCM ,C)

pwof The two pomt functn īs

1

fdxe
'̀""了 " f i

r

< Xx Xp > =
_

r ! Cijkexixj化化
⼀ ⼈ Xp

ZM, C)

To ampute the smgle term fǎxe
⼼炒 出 1

rikjke⼼狄Xejxxxp
,

weneedtomtnoducenewvariablesJ-CJn.IT :

iMgt JTMTJ - ÌŪMV
f ( J ) = fdnxet-ijxjtJTxnfdyechangeofvariabley-x-v.wherev-IMTJ.fi

⼆

Tm
,

eiJTJTheu.to
cmpute fdxé

"的⼼
⼼化比⼈ Xp ,

wetake the differeutatim
2

.
_ .

2 2 )

玩 死 孩⼦⾼ontheabweequdityatJ-o.Inthedfferentiatm.ae
needtogetthreepnsmlij.ke.x.M.Theu.wehave.tw

。 types of coutractnnsi

(1)
xasp a • •

p
(2) x-meoflij.se } • • •

i.j.k.li twopair •

P - annherof {ijkl }
X B

theresttofijke }
3 tems

12 te.ms
✗ 的 iK.li

e. Pnj • , • , •

xiJPK-eniiri-Thefrsttypeiscouutedasze.ro
loopsmuthetemlnit-MTntMYwillappear.inthe denmiator Z (M - C )

、

Tus
, thetwo-pointfunctnnatl-looplaelisgi.eu by

< Xaxp不 , ⼆ 三 Cijketi.MPJ.tl + 1 1 - termsof theform M
"

M
"
M
"

ijkl
i



The four pomtfunctnn īs

-Èxi Mcj Xj x r

<yxrxs > =
'

fdxe 忘 i Cijkexixjxkxe ⼀ ⼈ Xpxrxs
ZM, C)

Usmgthesamemethod.weneedtotake4-t.medanatnestogetthetemswhenr-omabnesummatnm.tn
,thefnstthreetermsofexxxpxrtMXSMPrngn.euby M

"
M
"

+ M
"

M
"

.
Thesethreete.ms arejust

✗ • • S ✗ • • S x • • S

,
p
• •

r
• •

rggthepwductftwo-pomtfunc.tnsi 以Xpyxrxs >_< 收的 ? PY 不 XISYXPY 7。 」
,

Next
,
weconsiderr-l.Weneed.to take 8 tine deriatnes and get 3 types

ofcmtractni
(I) { ijkl } formtwopa.rs (2) twooffij.k.li formapar (3) eachme of {ij.kezsparkp.rs} formtwopa.rs twoofk.p.rs } frmapar eachoneofk.p.rs }

qems oneoflijk.G-oneofk.p.rs } ⼝ 24 te.ms

72 terms xni • B

eg.pwductofhrtwo-e.g.am i k
.

e eg.rs-j

-

ijpmj • 1 • 1 • raskpomtfunctms
kne

x i j P
gne •

è Jr
rass • • S

r s

→ Mtiiri →niMPJMMie.TK
fourpntfunctouofo-looplevelisgieubyt.pe 3 :

< X_Xpxrxsioj-IGjkeMTIMTHtzsterms.ij.k.lu
Here

, weseethefour-pntfunctnarerelatedtthetwo-p.int functnns

by < Xxxpyxs > = [ < Xaxp >< Xrxs >
⼗ É "⼼学⼼ ⼼

, wherethetype
cyc EO

( i & 12 1

appearmthefirstsummaud.Forr-2.wecm.peldxé
"5的

cgecpgx
吡 PE" ⼦

8.Wehaueseverdtypesofsixcmtvactusmhjk.e.p.q.r.s.x.p.rs}
,

(1) ftp.r.Siselfformtwopars Thesetwotgpeswillappearinthe⇒

(2) tnoofk.fr . 8 } frmapa.r.ahertuopnwithlij.rs} frstsummaud.i.ec 年〈Xxxp>< Xrxs7

(3) allofk.p.rs } parwiehlij.k.l.p.q.rs }

(3 - I)
e.gx.es P 的 Thereare 576 terms

i
ˊ ˋ

ii.
~ Mtinfniiu啊!

p
• jk

8



(不到
e.gg • 8

gi.is
→ MTÀMTHM" M8

8

.

There are 576 terms
.

p
• j 薄

Then
, thefourpomtfunctonatl-looplevelisgn.eu by

〈 Xxxpyxsi =
'
[ Cijke Cpqrs MTÀM

"

M
"

M叫
的
+575 terms

21

ijklp.q.rs
+

' [ Cijke Cpqrs Mti NMHM
"

M
"
+575 terms

21
ijklp.q.rs

*
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H.me#Showthat T.tv 1 ⼼ ⼼中
,
⼀、 七)

mduasthetransfrmatnnmu-vu-tiv.invu
Ě (玩出 ⼀球 出 )

,

Ělti

pwofiUsmgdnectconputaton.Yuistransfrmednv.isiiyǚlēhiětitilěēle
"

。

⼆ Ǐi 岳 E.itr.ttEittitiǖ4i-zi.4.NL
1 N

N
⼆

2 gi 忘Ett-iit-znr-vu-znr.Next.weshowhowtogetsuchfusatsf.es
suchtransfrmatnn.NNow.ourlagrangianisgn.euby L = _ [ yt

2

_ v4 ) ,
where

El

v41 ⼆

ē Ǐlti - r
2

Z E 1
ˋ

ZN -1

When r > 0
,ourvacuummamfddMvacisthesphereSofradusF.Weneedtodr.ve

thequatimofmtnofLsothatwecansdvetheGaug.fieldvu.Ourl.ismvariantunderthetransfrmatmt.tv 1 ⼼ ⼼中
,
⼀、 4~ )

,thenwecanfmdthevariatmsonMuc.at4 , -4~ ) :

sq =
2 (逃出 )

= i , r.oli.SE -_-i-8.F.SE

AIso.SU#=e2il4i12-r).silti-r)=o.imMvac.Then,sL=-ElS1
洲嘅 ⼗ 蚍他炒 + SU (4)

El

i

= - Ǐftp.ttrzt-isi.t-irtDD_EEltyifir.itrziti.sit-u.r.FI
⼆ i 到 ⼗ Sǒu 1点 ǖ 1不出 ⼀ 蚟 。 出



S.nu rnarbitrary.wegetthequatmofmotimiE.D.li 蚟 。 出 ⼆ 0
.

Henu
,wecansdueyviatheequatnofmotnn.PT(iii) 19

N
_

-

⇒越 𤤴 titi-2.i-iv.tt。 = o{
Dgniit

⇒ zii
Ěhtiī 出 )

,

Ělti #

HmewakZShowthatundrasuit.ch Gauge transfrmatnn V1 > Vt EŪA )
,

theredsuperfiddVcanbeexpressedasv-iilri.vn
- ōōō - ōōō

ˋ , ⼀、 ,

realoneforn complexscalarfidd
+ iōōlō Itō I) tiōō (0 入

_

+0 入
+ tōōòō D

ˋ ' 1

complexD.racfe.mn red

profi WeneedtofndachhsuperfeldAsothatVtilFAldoesnoehave.tk
constantanddegreeltermsm0.AClnalsuperfiddhasexpress.vni

A = 4 +0'4++04.tl

higherordrtermsA-f-EE-EEtlhigherordrterms.Supposet.huV ⼆ V0 ⼗ Òk +0ktǛE +00.tlhigherordrterms.seVnred.weknowthatVosred.li -_- Ū
,

andk-ENotethatilA-AKZImA-ZIm-ildlit04.EE
+0

tlhigherordrtermsNow.ch
oose 4,4+ ,

4
_ sothat 2 Im4 ⼆ ⼀ V0

,

比 ⼆ Vt
,andi4-K.tn/VtilFA1hasnoconstantandfrstorderterms.

After thn Gauge transfrmatm , weget
Kōō (n_n) +0T (viii) -005 - Òōō

+ iōōlōktōi tiōōlōxtòy tōòōō D.

S.nu 0 ⼆ 00
,

Òō ⼆OT.wandv.arered.Also.00-00.tk

weffiāentsof 0ōand Òōareconjugatetoeachother.Smtarlyfrht_hrthelastterm.s.nu0ÒŌŌ ÒǛŌ
,
wehave Dīsreal

.

#
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1 2
_ xHomewdk WM ⼆

kt 2

Wlx ) = x
"
-1

nscritndpntsarelktM-rootofury-Showtl.at
thereexstsauniquesditoncomectingeachparofcritidp.intS

. zin

zinpwof.Thecritialpointsarex.iee
" '

,

w
*
= -

"
- e
"

(mo.li k )
,

n

Kt 2

✗ ,
能+11 -notof 比2

.

w :
^

w
^

xixfx
出

,

uyxwií .

• x > WǏ
x

'

s

i xi i

Xxk wf
*

Wewant towmputethenumberofsditmsconnectngxiandxi.in
Wepickapartialarpat.hr annectng

W*
,

0
,wiandfmditspriuage.Notethatthepr.mgof 0 乃 { 0

,lktD-rootsofkt27.in
n

Tofmdtheprmageofowx-passngthwughxx.itmustliemthesameargument.Thatn.tk
mlypossibktwogmentsarexioandxiP.huPīs

thelktD-wotsofcktziwithsameargumeutasxi.Hence.us
mgourpartharpathr.thesditmcomectngxiandxingi.euby Xěoxi which B ungue

☒
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