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Outline

Apologize for missing references in this talk

- Amplitude-operator correspondence by symmetry

- Relativistic EFT operators from Poincare symmetry

Nonlinear Lorentz symmetry and spin symmetry

- Heavy quark effective theory operators from spin symmetry

Summary and outlook



Symmetry dictates interaction

C.N. Yang: quantization, symmetry, and phase factor

Gauge symmetry dictates interactions Can spacetime symmetry dictate interactions!?

Lorentz symmetry
Weyl U(1)

Yang-Mills SU(2) MinkowskKi

GSW SU(2) x U(1
(2) x U(1) Poincare symmetry

Jiang-Hao Yu (ITP-CAS)



QFT: two equivalent descriptions

Lagrangian based on local field

L% %
Zrrr = ZL9<4 > >

7

A A?

Expansion with mass dimension

A3

Amplitudes based on on-shell particle

S:—(—I——+—+—k+—%+%+

Classified by scattering particle numbers

d —ip-x Ip-Xx
00 =3, [ s (@D + oL@

Field transform under Lorentz rep

1)#1/

AM(z) —» UA*(z)UT = (A~

Impose EOM

0, F" + m2AY
0,A" =0

=0

Impose gauge condition

*(k,A) = e (k, ) + —

A(Az) + A10"Q(Az)

Symmetry is manifest !

Particle transform under Little group

T (p]o|p”] o (CloulA] ~ (Aowld]

C T Vam FTVERGT T VA

Satisfy EOM and gauge inv automatically

Na — M, = ANy + b,
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Poincare symmetry for scattering amplitudes

Scattering amplitudes transform under the Poincare symmetry

D ~ ~
M(pa,0q) = 0 (pﬁfl + - -pgn)M(pa, Oa) Paa = Aala. = |p)alpl, Pos = Aaa = GIJ|PI>Q[PJ|/3
N
{XL )‘ } 5(4) Z )\za MA(paao'a) — 1;[ (Daaag (W)) M((Ap)aao'(,z)
Momentum conservation Massless U(1) Little group Massive SU(2) Little group
N
= Z AN =0 A= th, A=t MoswiA, L (W) 4
1 2 ., N U(N)
( N ERY IR ) — ( ! ) APt = TIEMAQR ) Mwon) » MAE000) = [[(Dre (W) M((A2)ar )
AL oV Little group scaling SU(2) transformation

Ay =—AeG +naGH,
AL =28+ 10,

Pac = Paa +Nax = loziéz + NaMNe-
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3=-point amplitudes (massless) dictates interactions

The building blocks of scattering amplitudes are 3-point amplitudes

(- =+

QED Theory

Massie

Mom. Conserv. + Little group scaling

/\1 0.¢ /\2 X /\3,

-4
L a2

A(la 2b 3. ) = fube <13> <32>
fota—) _ [12]°

A(la Zb 3. ) = fube [13] [32]

fave (0, A5 — 0, A%) AF® AV

[ Benincasa, Cachazo, 2007 ]
[ Witten, 2003 ]

/\10()\20(/\3

h3

[12]h1+h2—h3 [23]h2+ﬁ3—h1 [31]h3+h1—h2

(—— ) ()

Massless
A(1™27"3) = (1:,f>122<>362>2 A(1H23) = (12)
R ;;22[]362]2 A(1—%z—%30) = [12]

Amplitude-interaction correspondence
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3=-point amplitudes (massless) dictates Operators

Also determines non-renormalizable interactions involving in 3-particles

Mom. Conserv. + Little group scaling
[ Benincasa, Cachazo, 2007 ]

[ Witten, 2003 ]

J\IO(XQO(;\;;, /\10()‘20(/\3

ha\ B

<12>h3_h1_h2 <23>h1_h2_h3 <31>h2_h3_h1 [12]h1+h2—h3 [23]h2+53—h1 [31]h3+h1—h2

( ) ( ( ) — +0)
<
A(1+%2+%3+) = (13)(23) A(1;2,37) = fane(12)(23)(31) A(172737) = ((12)(23)(31))° P (1+%2_%30) 03 g
A(r%r%:’r) — [13][23) A(1F2738) = fane[12][23][31], A(1FF27737) = ([12][23][31])° s Y )

iInconsistent

T av b c o af %
Yo P E L, Fave " F)F QT Ry Rps™ Rag" Locality

Amplitude-operator correspondence
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Massive 3-point amplitudes

No simple little group scaling, momentum conservation complicated

[ Arkani-Hamed, Huang, Huang, 2017 1]

Affhmh’l J1..J2s, _ (All

Ias, Jy I2s, o Y2s4q ~r1...02s, 51...52s,
Kr i s ) (A, A (M, - M, ) My

loey * 102,1 200y * 20252

Find 2 linearly independent basis span the SL(2,C) space

1
j(al”’abl )a(ﬁl"'ﬁhz)a(YI"'hS3) — ZZgO"(ﬁSl+S2+S3_i8i)£}'qlma2s' )’(ﬁ]-..ﬁhz)a(‘yi"'wﬁ)

=0 O;
symmetric tensor &, antisymmetric tensor €

QED Theory Electroweak Theory

(13)[23] [13](23) (12)[13][23] + [12](13)[23] + [12][13](23) 2] (12)
[13][23] (13)(23) (12][13][23] (12)(13)(23) Just list Lorentz structures
17" Pripaes,, (12) ((13)[23] + [13](23)) Any spacetime symmetry to guarantee
o H P exhaust all possible structure?
Y107 Prip2€s, ups,y [nuu(m — p2)p + nup(pZ — P3)u + npu(p3 — P1)v] 51{5555
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Spacetime symmetry extension

Spacetime and internal symmetry can’t be mixed except supersymmetry, massless CFT, discrete, SSB theory

[ Yu-Han Ni, Chao Wu,Yi-Ning Wang, J.H.Yu, 2412.03762 ]

Superspace (Grassmann) 4 " Hyperspace (spinor) \ 5\1

(87

(NN ) Pu Py = (py,m,m). %)
0,0} = o3 AL Al = (AL, Aal)
(A A7, 77) S0(5,1)/[SO(2) x SO(3,1)]
Internal space Internal space

{Qn,Qs} =205 P, {[pl“ :_n , Ip)"n} = |p)‘[pI° [m, )] = 0. o %Aallal’ o %imia/'

with R-charge with transversality-charge

Qo =€ Qn and Qs —€'Qy 1 — e m—e “m, m—em.

=~ D_.m|=—m, |[D_,m|=-+m,

R,Q.) = —Qo and [R,Qq] = +Qs
Relate to chirality
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Massive 3-point amplitudes again

SO(5,1) isomorphic to conformal group: highest weight rep by scaling, then descendent ones

QED Theory
Massive

[ Yu-Han Ni, Chao Wu,Yi-Ning Wang, J.H.Yu, 2412.03762 ]

T
Chirality flip

[t13t2)t3]

[31,82,83] . [12]1173 [23]ASl [31]AS’

Electroweak Theory

2)[13][23] + [12](13)[23] + [12][13](23)

1 [12][13][23] (12)(13)(23)

272 ((13)[23] + [13](23))
L

30
23](31) (23)[31] (23)(31)

51— 1,50 — 1,83 :

.Sl §2 — 1S3 1:

:Sl — 1,S2,S3 —1]:

12
12

1+%{ 12 URICEAN -

2]271[23)41[31)4
A53[23)41 1 [31]A4
As3 [23]451[31]A%2~

viassive

— -

D=

Jiang-Hao Yu (ITP-CAS)



UV

R <

/

massive
helicity-chirality

spin-transversality

AHH

Massless-massive correspondence

On-shell Higgs mechanism: massless Goldstone bosons are eaten by longitudinal gauge boson

[ Yu-Han Ni, Chao Wu,Yi-Ning Wang, J.H.Yu, 2501.09062 ]

2

-

]_—>—< 4>—( *’—’/ -|- | 4’—/ ]—4>—</
3" 1030 30 30
[23]2 [2]ps — p4I1> [2]ps + p1|1> [2|ps + p2[1) 12]
[12] S34 S24
| N \\\\\h 2+ 5 ! o+%
1- 3 { 12 1+32 ~l—-< 4+ 1+3
i 3+1 1 . 3() Py 30
3 -
— [23](n31) —[23 > [23](3 —2 (n,3)[31
m? N3 m., %[ 1{311) 2<772 )[31]
— v v ~ \ 4 ~ v
msp 1 : 2 '
—[23](31 —[23](31 — [23](31) —(23)[31]
Y >
FFV
[23](31)  (23)[31]
ms mj
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U(N) symmetry extension

In above, 3-pt amplitude dictates operators with 3-particles, how about operators with n-particles?

Spinor with U(N) symmetry

SUSY with U(N) R symmetry

( ALY A ) U(N) ( u )

Ay A3 )\‘2\" v
lS’L(‘Z C)

Chiral superspace (Aa A2 - A7)

{Qaa, QEB} = —25513(053)]3#

{QaAa QﬁB} — ZABea,B ZAB — ()

SL(2,C) x SU(N)

U(I)n little group

A — t>\, 5\ — t_lj\ A — Z Ul.j,lj, LN Z U.“,.(/Tk,
SU(N) R symmetry (no central charge) J k
A(1hooph) — T8 A - - nf) N
H Kia==D_ Hxa ONi

1=1 /)

N
FEN AL SO Xt
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Operator-amplitude correspondence

[ Hao-Lin Li, Zhe Ren, Ming-Lei Xiao, J.H.Yu, Yu-Hui Zheng, 2201.04639 ]

b= Y Uld, A= Yy Uik,
j k__

N ,r,-+h,-
OF = (P& [ [0 MW )7,
i=1 i
- -y —
l e =@ = D > (
_ _ / ™~
On-shell amplitudes SL(2,C) x SU(N) R R ® /'< ® ..
n
%) ®" (& ®ﬁHN /lri—hi/ii’ri-l_hi } g o €TIETET 4 eT R e 4 TR T = () n
(e™7) (eaiaj) i=1 % k _ _
n Schouten identity
r g \m—— N
) K3
NJ 5 [; /1,/1,]
= e o YAl Y Y S uiutat=Y 4
= «—_—_ total derivatives ,. T Tk e
- B
—— I
n i
——— —— On-shell amplitude no redundancy
' #1 49 #N
, i —— ——
H (1,...,1,2,....2,...,N,... N} 3 |
~ L1121 3y (13) (24) [34]  Fii'¥3 (D¥s)aps (Da),, ®
h'{ #szl—th 2]31314 |
< 11111[3]  (12) (13) (34) [34]  F{{42a (Ds) 5 Vs (Déba), &
: 21234
i .
=S < (ij)
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SMEFT provides systematic parametrization on all possible Lorentz-invariant new physics

Zrrr = ZL9<4

Standard Weinberg

Model

Standard model effective field theory

Zs5 Zs Z Zs 2y
A A2 A3 A4 A°
Operator 84 30 993 560

Dim-8: 993 operators from 16 Young diagrams

%(LZH)(L]H) +h.c.

[ Hao-Lin Lij, Jing Shu, Zhe Ren, Ming-Lei Xiao, J.H.Yu, Yu-Hui Zheng, 2005.00008 ]
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¢* Y2e° Fg po g Ff
FL¢T2¢2’ F]_2J¢T2¢7
Pi2go VRS VRO gsep, ateep, | VYD VDS

¢6 D2

$?¢° D2, Fi¢* D

Fiy?¢D?, F{$*D?

"/)T4¢2v FR¢T2¢3,

F2 ¢!

FRszz/)z? F}%w2¢7

VoD, Fripp¢? D,

1265 D%, Frg' D

FRF?, FrFLytyD,
YI2Y2D?, Frp?¢D?,
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Fry™, FRypo,
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Tower of EFTs from EW to low scales

Describe collider physics, flavor physics, hadronic physics, nuclear physics and atomic physics

EW scale
(246 GeV)

W mass scale

(80 GeV)

B quark scale...

(5 GeV)

QCD scale

(1 GeV)

Nuclear scale __

(MeV)

Atomic scale

(eV)

Standard model EFT

Non-relativistic EFT

-ao-Lin Li, Zhe Ren, Ming-
Hao-Lin Li, Zhe Ren, Ming-

i, Jing Shu, Zhe Ren, Ming-

_ei Xiao, J.H.Yu, Yu-
_ei Xiao, J.H.Yu, Yu-
_ei Xiao, J.H.Yu, Yu-

ui Z
ui Z
ui Z

neng, 2201.04639 ]

neng, 2007.07899 ]
neng, 2005.00008 ]

[ Zhe Ren, J.H.Yu,2211.01420 ]

[ Hao Sun, Ming-Lei Xiao, J.H.Yu, 2206.07722 ]
[ Hao Sun, Ming-Lei Xiao, J.H.Yu, 2210.14939 ]
[ Hao Sun,Yi-Ning Wang, J.H.Yu, 2211.11598 ]

[ Hao-Lin Li, Zhe Ren, Ming-Lei Xiao, J.H.Yu, Yu-Hui Zheng,2012.09188 ]
[ Hao-Lin Li; Zhe Ren, Ming-Lei Xiao, J.H.Yu, Yu-Hui Zheng, 2105.09329 ]
[ Huayang Song, Hao Sun, J.H.Yu, 2305.16770 ]

[ Huayang Song, Hao Sun, J.H.Yu, 2306.05999 ]
[ Chuan-Qiang Song, Hao Sun, J.H.Yu, 2404.15047 ]
[ Xuan-He Li, Hao Sun, Feng-Jie Tang, J.H.Yu, 2404.14152 ]

[ Chuan-Qiang Song, Hao Sun, J.H.Yu, 2501.09787 ]

[ Hao Sun,Yi-Ning Wang, J.H.Yu, 2501.14018 ]

[ Yong-Kang Li,Yi-Ning Wang, J.H.Yu, in préparation ]
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Scattering amplitudes at low energy

The spin symmetry (little group) plays essential roles to describe physical particles

()= [ 555 —=[a@u@)e ™ + BB (D]
(27)3 ,/ZE
\*
Field transform under SU(2)A x SU(2)B Lorentz rep Particle transform under SU(2)j Little group
non-unitary rep unitary irreps

Weinberg: Wave function is just CG Coefficients of two groups

uay(0,0) = (2m)~/2Cap(jo; ab)
[ Yi-Ning Wang, J.H.Yu, in préeparation ]

3-particle amplitudes can be determined by CG Coefficients from spin-orbital couple and then boost back

<p1’01|<p2’02|P J U> la sasc.;gla;l,sz,dz YLU:(Q)W(L- apl) UIW(L P2)<:32

A% (k1, P3, P3) = Doz (ku, 3, P3) X gl (s1) ug2 (P53, 82) ug (P35, 83) = Lo (ki, 3, P3) Dy (Az) D™ (Ag) x @3t (s1) ugs(s2) ugs(ss)
N p—— N -~ = ~ ~ < ~~ o
pure-orbital part pure-spin part pure-orbital nart pure-spin part

B.S.Zou and D.V.Bugg, Eur.Phys.J.A,16,537-547 (2003)

Jiang-Hao Yu (ITP-CAS)



3=-point covariant spin-orbital amplitudes

The spin symmetry in spinor-helicity provides spin-orbital covariant decomposition without the need of boost

Spin space projection + covariant orbital [ Yi-Ning Wang, J.H.Yu, in préparation ]

V. i)
M, "2

3 3
0.1

I(

( 1281){J})}( 282) {102 )}[3|1|3>{N} s1,{J};82,{K} »S{M};L,{N}

{K} S,{M} s3,{1(3)}

Two body decay Subsequent decay Dark matter scattering

1 -
§1 =82 = 3. N-body amplitudes bilinear r=(L,S,J) C|P : :
. = - NR partial wave analysis
without boost| v (1,1,0) e P y
(L,S,J) =(1,0,1) Whys (0,0,0) + | -
(12] - (12))[3[p13) / V¥ none N Relic abundance: s-wave, p-wave
¢’Yz¢ (091a1)+(29191) - -
: (O 1 1), / N | DM bilinear | ] SM fermion bilinear ] |
» 7a€'7’5’)’0"7b (0,0,0) + | - fermion DM 17 71 20, s
(131] — (31))([32] — (32)) zp_vsfy_iw (1,1,1) + | + - am,’f;uqza Nl’fDNQ E———
1,1,1 Yo (0,1,1)+(2,1,1) - | - — ST T
411 Yo'y (1,0,1) - |+

([32][31] — (32)(31)) + m3((32)[31] — (31)[32]).
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Explicit spin symmetry

[ Yong-Kang Li,Yi-Ning Wang, J.H.Yu, in préparation ]

Since the spin symmetry could determines 3-pt amplitudes, suggest the Lorentz symmetry can be hidden

Lorentz symmetry Spin symmetry
p/", T‘ranslations, quv = V- p . Time Tra,nslation,
Ji,  Rotations, (Q }5”|Q) = mo" (Pt = vy - P ,  Spatial Translations,
Kt Boosts, o = (1,0,0,0) (Jo)! = (V)P €upod"Pv? , Rotations,
R* % S0O(3,1) R % SO(3)
CCWZ Coset description
o = L(if(v))ol L) = e
Missing Goldstone Shift symmetry
= = rotation : f — 7' = R,
v,0,0) + |v, k) = |v, k, o) 7 :
-~ >/ __ = |
Rest state Goldstone k state boOSt 17 = 1" =1+ T o).
0,%,0) = U(Lo(R))le, 0, 0) ot = ot + L
Boost relates different k Reparametrization invariance (RPI)
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Heavy quark effective theory

Two equivalent descriptions on heavy quark effective theory (HQET) Lagrangian with NR fields

Top down integrate out

Bottom up nonlinear trans.

U(z) = e7™(Qu(z) + Bu(x)) U(L@)|v, k,0) = X5 Dora(W(L(G), k) |v, LK, o).

U(A)Qu U(A) = DIW(A,i0)];Q,

— Ul eff ik gifp. Ek
L=V(EP-—m)¥+ ) c, ¥ v L = NUiDy+cy D2 + cpgB +cDg[—1+chg is {DuEY) | o, DY gy
n
1+ 9 imt _ N(.’L‘)
Qu(z) = 7P U(z) = ™7 (), Qu(z) = "™ P ¥ (z) = 0

+ T2 4 0(g, —)IN'(A'2),

oM o™ 2 =1, FW trans.
L = Qu(iv-D+Y, chn,éi)Qva(lemLZ Cn =L cs =1,

0%, o) cs =2cp — 1,

X(@v-D+2m -3 c; =)D + Y, em =) Q. Venr = cr — ¢
M — ¢D — CF,

Expand to a non-relativistic basis Nonlinear little group trans. = RPI
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3=-point amplitudes for HQET and black hole EFT

Third description: spinor-helicity formalism with projection to determines the HQET operators

Direct construction

3-pt scaling for highest weight

k] = (4M);

dim Operators

5} Nte-BN Nte-Bx x'o- By

6 Nto-BO,N N'o-Box x'o-Box
Nie.-0,BN Nio -0,Bx x'o-0,Bx

Amplitudes

[12+|[13+]| [12—|[13T| [12|[137]

(v-q)X

(v-ko)x [12F|[13F] T[127|[13+] [12~|[13"|
[12*[13%] [127[13%] [127[13"]

Linear RPI

EJ S1+S2—S53 I'l :t3::J S1+S3—959 [2:&3:1

k=] =

Heavy quark effective theory

k=] = (@7);

1

kT|.
2m+v-k| J

dim Amplitudes Operators
5 [12+][131] Nig - BN
121 [1]q11 |37 | N1k gt [VI, BF|N
6 127 | [1|kgy |37 N'B-DN
(137 | [1]koy |27 ] NieWkgi BIDEN

1q11[27 ] [1]kor[37]
7 1)q11 127 [1|g11|37]

NTevk{ Dt [69 BF|}N
Nio-DB-DN

tr[quku: |_].2+_ —13+J

(1|ko |27 |[1]key |37 ] NiD.Bo - DN
tr(griqri][127|[137] N'[0? o - B]N
tr[koy koo ][127 |[137T ] Nio - BD?N

N'e, Do - BD'N

[ Yong-Kang Li,Yi-Ning Wang, J.H.Yu, in préparation ]

Heavy black hole effective theory

q /4 5

D2 H Do p2 H b
314!)’ &&%52
1G22 k1
2 P1 — H “H — pr
D1 H le )
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Heavy quark effective theory

[ Yong-Kang Li,Yi-Ning Wang, J.H.Yu, in préparation ]

Young diagram construction for n-pt amplitudes n
prm—N—

Dual space operator EEmme e  Spin space operator em— SU(2) x SU(N)

611]162’2]2...6171]1[ ~ Jl j2 . jn

Fields | SO(3) x SU(2) N;,
v! (1,0) NT = ¢ N z
B! (1,0) L = '
(51);; (1,1) Zk] : szZ;( )J’ Young tableau Amplitudes Operators
¢l 0,3) k3 wil (7)), i1] o
nEg ng 12 | % + + +51153+ tor .
&i (07%) O=6n1_[HNT(VwkEnk)(leBnl)ijN’ : 2. 3. [1 2_| [23 J+ |_1 2J [23 J Nla B> N3
nE n 111%21J3 |
13 j3 12 — (|—1+3+J |—2|k3_|_|2J -+ |—1+3+J |—§|k3_|_|§J) —2N1TBQ . DN3
Validated by Hilbert series i ig 3| |1]ds i N N P N
io |33 |33 | |73 %2 |3 —([1 2] 2[k3. (3 ]+ 1 2] |-2|If3l~|3 1) 2iNIO’-Bz x DN
+([17 (ks [2][237 ] + [17|ks 1 |2][237])
11 iQ
Similarly heavy baryon chiral EFT GAKE i[1+2][23+ | — i[1+3][23+ | Nio - E)N;
11 |5 | J3
Light dark matter detection 1317312 —i ([173*][2|ks1[2] — [173%][2|ks1[2]) | —2N{E,- DN;
- il lJs|  [wldsl%] | ooy 1 (145115 +
phonon, plasmon, superfluid, etc is s lis | |73 |4 |3 i([1+2][2[ks L [3%] — [1*2] |-2|I:73L~|3 ) %iNe - By x DNy
+i([17 [k [2)[237 ] — [17]ks 1 |2][237])

Obtain the complete/non-redundant operator basis for HQET
Jiang-Hao Yu (ITP-CAS)



Non-relativistic effective theory

The NR operator basis for any spins can be obtained, and perform spin-orbital partial wave decomposition

[ Yong-Kang Li,Yi-Ning Wang, J.H.Yu, in préeparation ]
SU(2) x SU(N) Young diagram

NR 4 fermion operators

Pion-less nuclear EFT Spin-s dark matter operators NR Fermion bilinear

Cold atom EFT Spinning binary black hole NR partial wave analysis
Young tableau Amplitudes Operators
T Amp 25V, | C | P
Integrate-out amplitudes Operators io |4 (1 |[3+47 | ( N{f No) (5554) NN |_1+2+J g \ n
[1+o+|[3t4+| [1+3+|[2+4t] (NTNY(NTN) (NtoN)- (NtoN) i [z _ PRty - 0
[1F |k |2%) (34 |kap | A7) [1F ko [3F )2 [Ray |47) ta i [173+][2 4] (N} (Nat) No'N 17727 Si |\ |+
: (NTE . ??zNT)(NU?’N) + h.c. 112272 szN qIJ L1+2+J ]_PO \ _
|—1+|k2lk2_L|2+J |—3+4+J |—1+3+J |—2+|k3_]_k72l|4+J _(NT€2NT)(NN)+’ZC j2 7:3 iq _|—1+|k2_L|4+J |'2+3+J _(NIUV2€4)(N2§§) V - - 3
[1+[ko ko [2F][3%4F ] [17|kpiksy [47][2+3%] (N DN (NTINY 4+ he. ir[ia i | | N(V -o)N [17]qf27] Po |\ ] -
[ [koy [2F | [3F ks [47 ] [172F|[3%4* [trlkarkst] | - —(NVig- SND(NG- TN) + he Lulaia) | [UMIkau|27][8747] | (Nio - V2No)(Esbe) NV x &N gi |ttt ) P |\ | -
11172172 . o cid
(113 |[2t4t [tr[koskar] [17|korkar|3T][2147] . _(NTN)(NTY - ¥N) + hee i i3 | ia (1o [3 ay 4] | (NING)(Elor - Wats) N(Vzaﬂ — VTcS NN | g EE|1+ | F2+]7) 3P, \ | -
[1F|ko kay [4F][2737] [1+|kot [27F | [37 sy |47 ] :(NTaiajN)(NT$i?jN)+h.c. i1 | i |43
jaljalial | [1t|ks,|27][374F] | (Nlo- V3N,)(Eléa)
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Summary and outlook

Explore the internal symmetry Explore the spacetime symmetry
Field Particle
[ Weyl, Yang-Mills,Weinberg-Salam, Gell-mann.... ] [ Witten, Cachazo,Arkani-Hamed, .... ]

The spacetime symmetry dictates interactions (operator basis)

Poincare symmetry Spin symmetry

Relativistic EFT

] e

Massless EFT Massive EFT EFT without anti-particle NR EFT NR with more modes
SMEFT Weak EFT HQET Pion-less nuclear EFT NRQCD
Gravity EFT Low energy EFT Heavy baryon ChPT Spinning black hole Phonon, plasmon
Cold atom Superfluid, ...

NR EFT

23 Jiang-Hao Yu (ITP-CAS)



Thanks for your attention!



