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AL EE ),

H 20 tH28 90 FAX AR, Weinberg $2 UK FEH
3% (Chiral Effective Field Theory, ChEFT)iz H %I
A #E 8 ChEFT f& QCD HIMKAE A e, AW
AN F B A (1) 46K T QCD I FAENT FR itk J H
H R (2) WA AR AN Be A B 1) 25 7 s T A
AR @ TN T, BT REFEERR R,
T IX L8 R A BT DL i 4004 52 56 B B A%
QCD MHEMAS B, 2 Fr IRAE“E R, =N
ChEFT fig 75 5] H & X} QCD fEARAL X (Ui el. {HARH
B, AR R AR T DL R G
Pem. Bk, R4 M E—BY, A 2% (Effective
Field Theory, EFT)nA] LAkt H AR Tl & I ER i8R %2,
TXAE AR G I ME G I B R RN ZE B B . Bk
AR NI ChEFT Wik W i — i, F %
E T AN, HAE R 844
W] 2 WSCHR[9-11].

¥ o1 WL 2 kTR #E il EFT(Contact
Effective Field Theory) A 1A EFT 24 A AR 575
ik {85 2355 N ChEFT 2 Jg, % 3-5 Wit fEm /A
I R G Wl B ) ChEFT, 7% B 4] 8 57 FAE
%y, o 25 5 0 R B AL S A 1A% T AR B R
INIHINZ. B ETRTESE 6 TIE A4

1 Effective field theory IR KB 554

CHROIXAE BRI EREE A, HA
& X ZHAE. AR HRHRI KRR (ECE KW
PRI, X e e (Bl AR ) W A 0 3 ALl A B (2 M
5 5 Re - sl b B I I A e PR R R R). KRR
¥R 8 (Low-Energy Effective Theory) ] # ] #. 51 F
ZRRFAMEN . F e B2 A |
WAER A IR N A — AT 040 p(r'), AT 5
MBAALEE R, 168 A4 A7 ORI AL (r> > R) I HY
PO DL R i FABAREE . A DU S AT B
AL
0yt

}"5

LA R AR TE R R, p(r') 1 B AR e HOY
AP IR EL A0, V() TE r >> R I EEUE 2
50 BE OG0 R FE A B, 1 (1) 20T 4R 31 30 oL sl
FEfIRHEAT R L.

V(r):1+d—'3r+
roor

. (1)

RG22 MR TT I HARIE M p(r') HA T
UK A RO

V(r) =fd3r' i

BFEL b, X pr) AT TR T HRATE LR
)AL AR N E. YOk PR R B AT
HEE T UITEAAER RS, LUK B REAR AR A
EFEAB K, BATCE T LS T LK & r AME—AF
HDI BIELE p(r') RENITE LT, ¢, d, Q; IME
0] DL SEIR 15 3.

AR g, d, Oy XL FRAE (R RERE & 2 (Low
Energy Constants) ) & %A Gt A L0 B S €,
{EZ AT ] DAL B o] S AL T E AT B R/, DLHLAR
WA d A, HEN NI ], )

d; :czl-qR.

FE— BN, KRN L Bt k2N 1
RE~0(1), XFETHEET Frig i« B 281" (Naturaln-
ess). Zi L, (DA A AR TTEAEN T 28 —T0HF OR/r)
A, DL HE, (D& TR /NARTBL R )R
UORAGTE. XAl T $R AL 7 — Fh 20 245 I (Organiza-
tion Principle), # FKA power counting( % w L IU)).
Power counting AU AT (1) 22 it 74k 4, T H.45
T RS By, R LR AR R AT AN R,
Aeh HERIRE. iR IREREZE, R,
NPT BB AR 2 BT SR T IRAE D g U,

BRI g o P ) SR KT, G B 40 &R 0T e/ T
L(EGE KT D). s im Al 2B R A, W d
JUTRZE. RITET, BATS R ITA X FRMEAE
BIYMEFEANCEFEEYS T, WES FAHEAE
FH A Rk B H . AEFERR T RR M S2mm fa, 0
RAGRA 2 ZHOE TS naturalness, FRATULIX LE R H2
ik B %A1 (Unnatural). /E& 8484, H I unnatural
ARG GUAR D L, (H 2 BTk % <3 {4 unnatural fICREAS
B H A I AT RE RO .

MBI RE M H F, WEZEFET
RN A RRBRAS . N7 (ER IR X FR P, X S8 R ie
HEEHE IR, Bl EFT. s2br b, Bra i
R SR I G ) A B B R AT R A R, BERL )
FH K FRHERE T (the Standard Model)t8 A #4E FAN 56 5
REAR LR 1) EFT.

PLF, FLLATIEA contact EFT AHIREUA & F

pr'
|r—r'
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TH5TE N A ML, =T contact EFT B VRN,
B A LS % CHR[9,14]. HEEFEAN m MG T2
B AA BAEH, 22k HX R wok Rox. B
B AHL, BATHE B whi 7 PO IR
R IR BEAR Qe 2 A, A% 38 w2 [AIAH BAE FH I
HARIEFRL——h HFRZ AN F—— B AR .
R BB S8 T VL B AN F INAFAE, PR A 20 3
Ay WERA O BARIFBRYIRERL T BT KD,
Tt — P& O<<m, TRRI, PR AR ISR
BRI IRAEIEFT LLEL O/m %R B BN,
WAL HORE A F AL Um &P AT
WABIE. HREHEFEXTFR, FFR, WA S, finfl s A
VSRR S, R HE S AE

: V2 C
L=y' (iao +EJV/ —70(!//*!//)2
+%{((//1//)T [(// (? —6)2 1/1} + h.c.} +o (@

5Z I R4, WX R RAAHBEERA LT £
Ti, ¥ power counting A& ). HTE&AE EAMkF,
FRR B EHESYS MM EFRE T EAE A
(Contact Interactions, M FRZEFE I S). 440
B AT LU wit N R, F LR R =147,
DL HE.

Co 5 C, B FF AT LLAE R Hh DL B £ 2 R] v 1 79 A 34
kR

v(p',p)=Co+Cy(p™ +pP)+---
ZKH, 2% ZCE TR, WHRZ EFT MRS E
REAR & My, HKHE S0 HT43 41K power counting:
47 4

thi’Cz My,
£ FHHSEBART dn/m REHIL. BE M, 5
EFT B4 #45 (Integrated Out) ATl & A <. thi,
pionless EFT /&4 pi /v F#UH 5 94% 71 EFT, B B
1) My N5 pi AT AR . dntt, FRATAIE Cy xR
& QM) KB IE. (B, BT HE A
BEIFARFE, —RTFEER SRS, 45
—E WIREFR K E S, JRRI, B ReAR BB, BLAE R
FEEBAE WM 5 power counting H.Z] 1.

BN C, A AREEIE, IS H DL sl a b
A J5 B B 5 — Rl B (AL B AR I R R -

Co ~ 3)

B 1 Contact EFT fJ] LO 5 NLO
Figure 1 LO and NLO of contact EFT.

o0
T()=-Cy||1-a, MGy p v S0 | imCo |
4n G 4n

HAZBEal, LENEUE R o SA B
AT A O, Wi, sharp cutoff SE555% M. o
HEARR, T Hea RUH O); k=mE, T E £
L RAEE. Ot C) RIS H H(Bare Coupling),
M CY REME—HBIE, AR AL LET W
T2 A~ B A BT 24025 (Cutoff Independence), 0l /&

dr

— =0,
dA
EH T(k = 0)7 X renormalized Cy,
—Cf=T(k=0),
(3) AT 5 Bk
mCR
T(k)=—-Co|1-1—2k |, ®)
4z
BAIHE T
R
C,=Ck, M = g,CF m4C° A. )
T

@)X EHE 5 H 5 IR IE T B E s s = A
DTk, LR Co ERFMEIE. 5% —. =
RIR ) Co——TRIETEEE X 53, W0 2k
RV B — &0 4r, DR i s 72 (5) SR 4 & 7E — A2 Ak
A G G)REHE S PRI AT E WA,
IRRIFTB B L BT, PEE I, ek N2 P P o g s
F-1E 5 70 B I 1 TS L B s = ALy ok, AR T
FEVEL. W E R, JEAH X P B A R 1) Dk — A A
m QA (K 4rF LB m AR K, XA DT ik A2 55 PR
YEZT AN B (Infrared Enhancement), 55 2 il &4k 4:
RiT) . 75 EIRRE, Y S R B ) X0 A

LAEM power counting & RKG A MM 1 4.
Gt B Q)R ERMKAN, ii— B TTHk T mQ/dni)
Ky, Breh (5) X 5 — TN dn/mMy,;, 3 — TN
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4nQ/mM?y. FL b, —FFIABRATEE AT LAEIX AN power
counting, MR NitHE] o/M*, HIKIE, T
BHIE Co MM L — BB 1), 11 CTE QM) A
2=HEN. IX /& power counting I F AL, RIFESZRRt
S5 VLR BE T 75 2275 & I DT k.

38 power counting R& 1% B 7 1 B ELFTHE 2 S e
PRAFEAZ LG Brh, 7RR1, 4B SR IE ¥ mT LA
W E# AL, FrLL power counting LR E KA. X
AN 2k T 0] L #E AL P (Renormalizability) i 152 A BE
S5 H ;. power counting FRIIE, HRFAE 7R AERUL K1
Ho, DRI IRATT R EAE 5Lt power counting [ SEBR T
Hhk B RS S S oe, Mg, M
TR K A R power counting Y HVATE. £ B
B, A IRATRICEREE | R EE, C, Y%
i, WAz iRT Cy v LMER S & ET T 75 5
FERMBR Q)AL WA U, KN RS C, T
SR BRI R 22 L FRATT T SR AR K. a4, RATHTE
HERY, —EENEBGHAFTE G, IS G A
BB IR S5 A B

X TP ok Ui, JE T 2 A0 2 BT (Naive
Dimensional Analysis)¥] power counting — % #sii#i /& AT
HEALE. B2, WA EAER R 2 HE T 2
AR, X8 EFT £EAZY)EE rh (1) S A B2 Pk R .

2 FEBXIAL

fETf# EFT MIEEABELE, WIEkHE %
TAKBE A HAEH ) EFT—ChEFT. &334 —+4F
MR, fAEERKEE SN ChEFT 13CHk.
TR PR, R E A AR S XA
YT, RIS 2 b T 51 A3 1 SCHR.

WRBRGEYE pi N TFHREMY, XEENA
MEHEREDNEEZ TS pinT. Jioh, drEES
AT X RRPEFR LA EFT 4k7K. M7 BRI P AT
PLFTE [ 25 5 ¥ (Heavy Baryon)BEi8, % Q/my IR IR
BRI, QCD hik B H ik B A U AE 5 AR
P£(Chiral Symmetry). u, d % wHAFio 54 FH
Iy BENS 25 H MO B AT SUQ) R Ie i, B SU2)x
SUQR) A, B TN u, d % 55 i BT LA, QCD
P KRR IZA S FAAE, AR IR R, A
MR, BR T 5 5 ]k i R U IR (Explicit
Breaking) LA#F, QCD 3= iE X ) 4 6] I 5 % i As; ik

(Spontaneous Breaking): i [ & SR & FAERTFRE,
B QCD HEFAETAEAZM. LR PR 5 R
S EF &1 Nambu-Goldstone 3% 8 T Hi ¥,
XEE pi T B—J5mE, TR, pi
TP R E, (HiEZ LA A TRIEZ.

FRR(P) 5 I 18] s 35 (T) BB st g LR ) 7 K%
J&, AN XA URE G ARG ], AR
P 5 TPAEXBR. A3 %8R 1) 35 7] LAFE SCRR[S1 1 2%
SCHR Hh R B AH OC 18

WA LMZ 75 pi AT ABEBE, 5 HilETE
X FRPE I 20hs [IG & (Effective Lagrangian)? iX /2
o B EAHER AR SR ) AR, A DRI 1 AT LA
2% CHR[16-18]. R EH 4 5 AR SO 9 1) JL I 45
SLAHEAEH:

L:N"‘(iao+ v JN
2

my

eabc T .
- N't 7,7 N
4f2 a’*b’*c

Vi

—2g—ANTz'a0'N : 67[(1

Co( vy G 2
—7<NTN> —7<NTO'N) oo %)

EIRAH BLAE F R AR IR — & pi AT
PLIEEL B & sh&(ERLE pi 3 LR sk ae & (1FE H
£ pi ¥ BRI AR X 5% TS, XL
O/My; TERTFIRBE T 5l - THFHRMTZ T
() PRI, B A B2 FAEXS R 20 3.

N PERZ 5 A% TR, BB pi-N A
) — A — B8 B A B A 48 A5 UE ) ChEFT power
counting"”". P& 2 H T 5y Weinberg-Tomozawa 17,
BP(7)Nh 38 T, & pi /v 7 & SReE K/MHEY,
ZIS TRk — A Q1 £ WIEF. pi /- F AR PERT,
05 mAHM, W pi M FAEET~1/Q7 MidEMIT e
M TR ~1/0, JRHFEEZFESMNG pi 7
52 Q~-mMREERN, WA KT, Es®
SR O IR, T HA 1/16n” IR T 45
k., B 25w N power counting:

o(0oY
fF\ans, )

455 ) Q° FRARZE pi /v T B EERRAE. 1
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B2 pi-N 8 —

Figure 2 One of the one-loop diagrams in pi-N scattering.

Fpi M FREIME, BE SRR MRS, Fit
X B ) ChEFT X # % /E F 1E # #t & (Chiral
Perturbation Theory, ChPT).

3 WETFIE

5 pi-N BUS M, A% T A% 7 Bk 2 b g 0 R
TR, WK myQan i E TS XA —
TTH ) contact EFT 4123 T, 781X B FFAE
R, W 3 T~ BN EE - BB S R0 R B AR 43

4 . .
f dl4... ! - ! e (8)
ont  E P E I

7+ZO _ — =y

27 2my 2 0 2my,
RVER Iy R HA T Lo, XF LB, ANE

FHERE T E N— Schrodinger 14415+ Gy

d’l 1

(C

PL Q B bEl s &, 18 myQ. 1/4n/& Schrodinger /% 4% 1
o Ja BB R, ERE SIS pi T
R E A R AN [F].
EALAME A B YE R, A E
TR THRE T recoil term, X2 K A4l & 1 [H]
BHNETEA 438 2my, Q), HATER, T
AR X5E 2 FREFRESEAMER. T
iR F)IX — A Xt power counting USSR K. B4, K4
B pi 2 PR pi AT 4-BIE R (Q2my, Q),

N— N\

B3 WE T

Figure 3 A two-baryon reducible loop diagram.

B4 pii2H

Figure 4 Pion-exchange diagrams.

Re B HB A AHXT 3-BhE A mEEr, R pi 2R pi
I FAEA B B 24 J2 5% i) 4% 75 1 (Instantaneous):

-1 -1
RPN

—t+qt+m: g m’

HR, REAMET R NE BT K.
WA 4l e 2 1 B AR AE R B (BB ) A T &)
L i KT o 7 el o 7 o = NI A R A D R <3
RURE A SR aEs, Mg s A B, AT
ZIL R E 7 B/ power counting R LA [R] F A5 i )
ChPT: #H &1 ~1/0.

4 W =AU pi A H B R A A E - ]
A B 4 dEA DR box” AL S Py TR, o,
BH 40 E - ) A IE R I PR O pi AT, XA AE XY
Hopi RMERMN A FEEL T, K2, S
(Static) B TAEHE TIERE M pi 2, XA /2=
RUBEL, B4R pi &, 25 b, B 4 A
R pi AT P F AT 5 pi AL HIIH O HI R,

TEAISLEY, KA1 R A pi 2

2
g q-09-0
Vl,,(q):—Mf; 7T, qzim;. 9)
B pi A S H— RIEAR(E 5) K
1 0 1
e
1 myQ
Vlﬂ'GOVl/r fﬂ? 471;(.73
ATLLEH, H4
Anf2
0 ik =Myy
my

I, B pi A2 4 SO AR, Wb 2506 T AT ) 5 pi ik AR
KA. WL, BR T mg ZUE R pi AZH IR BAAR, AR
REAR Myy PRIBLEL pi ATHe 9B AE. SEILE SRAN A HEAR
A2, W WG AR K AR AR AR 2 18] B Schro-
dinger J7 28 3 & 4 [A B ) Lippmann-Schwinger
J7#£. LA Lippmann-Schwinger J5 2 41
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b == - -
e ----
- ---

Bl5 i pi S0 L H—GE
Figure 5 One-pion exchange and its once iteration.
T(p', ;M) =V(p,p:A)

&’ T(I', p;A)
V(p' p: NP (10)
+.[ 2n)’ (P ) Koor

mN  mN
AR T 1 R E A B R, bR AR H 2R
MR AR o0 T Ak R Ak 1 7 =X AT A R B
ERAEEN, AN RN EANLER, X
J& ] EL AL R LK.

IR BEAR My I H IAH 75 chiral EFT £ 2 % T R4
HIR R AR 15 2 A R SR . B R IE I B AR 1E R S e
FIREAZ JI RN, A AT e A Bl R FH AR A5 B4R
AR LU AR B pi A ik AR AR X — A
Bl 5 i EIEE SRR S, 5 4-4% 1 A0 R
fillfEFAJE . Rk, BT chiral EFT FBIRGEAR M,
PASR, AKBERR Myy 1] LASE 0 2565 F2 Al A F ) power
counting. X Ff, il 5 & 44 40 A H T 4% il AE H 1Y
power counting #t AN A]FE. Weinberg S ¥ 77 E46
P8 5L A2 AV 1T B B AN A A AL, PRI JE A A 2 —
Ao (B3 A SO A2 PO I TAE B AE T Sk ff B
Wt A G b,

FE B 18 0 AT DL 5 8 4b 9 4K 4 12 20 Weinberg
power counting VART, FTH EM ANHEL KT,
#F Weinberg power counting ) T{E. 0N IR E],
H5R Weinberg power counting [ H & HEE S, H
S L T Z BT ME R AZ AL, QCD 1) FAE X ARk
CEBRBIRGHFEE, KRR KMFED.

H AR, Weinberg power counting F8HJ/&: (1)
5L bR #E ChPT (1975 3k power count JEAN A AT 4
WE T o2 K, HRR

V=2-A+2L+ ) ViA, A =d;+ f;/12-2

PUE. Ho A ZFOR AR AN, BEAEN 2. L 2T
MIECH, Vi AR5 RT3 £ KT BAT 1R
KAy, d 72K R B M AL, £ 2 TR A EL
FITAT 58 n W IS AT 200 R RIS BRI AZ 35 (2)
SRJE, KEEE 0 2 n B FAIN, 2ETTRAE Schrodinger

75 #2 8, Lippmann-Schwinger /7 %, 75 2 HU 2.

B - Weinberg power counting {+f i T SZFrAZ 7
T HUR 50 B Ordonez 25 APO25E ). AN,
Fod T pi A B THE R BUE . SCHR22,23] 74
YHE T G015 ISP X pi A2 B IR bT R IA R, X0
TENE T BRI T A . EE
—M Kaiser /£ 2 JG1FHE T @M1 pi 28 #e3A, filL i
TAR R RAECHR 24170, 323 0] LAAEH 5] 30 48 %)
Kaiser 5T pi ZZ#AM A TAE.

REAR pi-N T SR8 T QCD FAEX FR i, AT
FLN 3T ChEFT (A% ) B R 8 KA Bl 72 pi 28 #:
AT A, FT B A A BUE KA Schrodinger
J7 #2822 Lippmann-Schwinger 7712, SR /G 4l & pp 5
np B EOE. SCHR[20,25158 5 0 0 AR, T A2 R
SHECEE, HEAT THLA. Ho, Epelbaum %5 A E o fi
HT—MLERHRAEA, BEIARHERHAF 6
B SCHR[20,25]11 45 R BARAH, (HERMEG &
A0 2 AT O ME R R ) B AU Entem 5
Machleidt 7£3CBR[26] K 3& T 3 4 1 “N3LO™ FAE#
3. AT O B A S R AR b, A E] T HAh
P B IS i B R RS BE, BE0E T AR IR NSk
A&zt f. £XAEEF, Entem 5
Machleidt & I AR Rk S5 2o, 0250 Ot
PR IL 20 RS NN EARR & 8 2, B el &b
(RIS 3. Bea) il i, XA SZ FAEX PRI
IR B RO N FAE % 7 OB ) . X
M =05 T SR AT A A B, Phan s R AR, &
S 33 o) 2 A FH P 3L i

W4, AT Z B 4 0 2 il AF H 647 power
counting We? A KA FHIZERE, FEELLFE T/
TR FRATTR A SRS 1 LA

(1) g F= T fil B 5 90 4 H7T () Weinberg power
counting Jiti F T SEBR 1T 5

(2) taEY)BEE B2 % 2 cutoff independence.

(3) WA, DA FEA S A E . Myy
Pem T, NCYTREKEY.

(4) 1B power counting J&, FIF| 1 EHHiE, H
F|# E H VA power counting.

4 Hpi ZMHBENL
5 pi ZEHAE ALK R R P TERW F
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3 2
Vlﬁ<r>=l’§—jt(fj;‘ J 1, 1,[T("S, +Y(r)o, -o,], (11)

H,

m,r

T(r):e‘m,,r [1+ 3 . 2)2]’

e g4

Y(r)=

DAk R A
S, =3(0y 7)o, 7)— 0,04,

Forp, B0 JIE AR WL Yukawa 3, 19K & 713
SAE~UP REREYE, AR SERTEAR=ZES
(Triple)) 173 L. 4R K B HFFAE iplet &7
BHBUE, Tk 8O EI BONHER. Hd PPy CP)
O S FHEF), 7£78,-° D, 5P, R EE A S A
HEF. B TR, REALFEETIL S S P .

HTHONEEERT m” KSR, 2R
C0 + DYSOm? WAV P R F A, T D, A% fa] B
NN N ERY. FE b, KR AT, 5
— AR MR L AR ] P R
SRR E B, AFFE RO I EENS
power counting, 1fii 75 B 15K & /1% H i€ — B 50K
FEfl A FH B s

MAERE B pi AZHI5KE /). SCHER[28]4T . pi
A4 1 9K B A ] B R AE TIRAIBHE. Bk
AT 2% # Weinberg counting i i 54 35,-°D, R IE.
{B1E Py 5 *P,-3F, W22 ¥ Weinberg counting /~fE &
A VAR, BARR UL R I AR B
[ cutoff fi#si. 1E MBI, fEK 6 HET P14 H.
B rh R R B P 2% #4223 ) A2 B0 B R 110 MeV 5
300 MeV (1) 3Py HIFEBE cutoff (ARG TG, 31X B4
TR TR R4 T S A XS cutoff AR BUK, 1E
) 5B e ) B MO B B 2. VR R B AR AE 700
MeV 55 2800 MeV FfiL A 180 B HIEKAS, X2 AEIA
I cutoff MR 7. IXANERAS AR F R, K
Levin's &, BIE TR S RESHEHEA K.
PRI B — @), AR g 180
B B pi MK R I HIA R SRR A I AR
gy, FTCAE RS AR KB T cutoff. 4 cutoff 254k
Bl l, S AFR S H P RAE. S
PR R R AR IR KA, RIMEA 8, KA

100
° o®
o°
° o®
° o
O
° ..'
50+ o o® *
) *
i U *
o '* 0° **
@ % ... * *
4 e
e e
—~ * Pt
e ‘,..-:t'
© 0 * °°
& Se
)
*
°
°
. ©
°
50 °
°
L]
° o
° o°
-100

5(I)O 1 ObO 1 5b0 ZOIOO 25;00 30100

A (MeV)
B 6 (MEHEEDARIMAIN B, # pi 285t R P,
HF5 cutoff MR A, W RMAE k= 110 MeV, Zrth it
% kep=200 MeV
Figure 6 (Color online) Before the counterterm being added, the *P,
phase shift at a given center-of-mass momentum as a function of the

cutoff. Blue stars (green dots) correspond to k., = 110 MeV (k= 200
MeV).
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Figure 7 (Color online) After renormalization, the *P, phase shift at a

given center-of-mass momentum as a function of the cutoff. Blue stars
(green dots) correspond to k., = 110 MeV (k.= 200 MeV).
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Figure 9 Diagrammatic presentation of how the first subleading
corrections are calculated.
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Figure 10 (Color online) The *P, phase shift as a function of the
cutoff, for k., = 247 MeV, with only one counterterm.
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A brief introduction to chiral nuclear forces

LONG BingWei"

Department of Physics, Sichuan University, Chengdu 610064, China

The present manuscript is based on the lecture given at the “Seventh symposium on covariant density functional
theory in atomic nuclear physics”. It serves as a very brief introduction to the development of nucleon-nucleon
interactions from chiral effective field theory, with the targeted audience being young nuclear physicists working on
many-body nuclear theory. I start with the basic idea of effective field theory that separation of scales facilitates the
expansion in the small ratio of a low-energy scale to a high-energy one. This idea will be illustrated by the classical
example of multipole expansion in electrostatics. In the course of doing that, the concept of power counting is broug-
ht up, which is one of the pillar stones of any effective field theory. In the presence of quantum effects, a general tool
due to Weinberg is introduced, whose goal is to estimate the size of quantum fluctuations that are often manifested by
Feynman diagrams. Spontaneous breaking of chiral symmetry in quantum chromodynamics makes this tool particu-
larly useful in counting diagrams in powers of external momenta, because the pions always couple to each other and
to non-Goldstone particles in powers of momenta. But the presumption of this counting rule is renormalizability of all
diagrams at the same order. The reset of the paper focuses on the interplay between renormalization and power
counting, in the context of chiral nuclear forces.

nuclear forces, chiral perturbation theory, effective field theory, renormalization, power counting
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