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Outline

Which EFT for New Physics

Operator Basis Construction for Any EFT
Complete UV Resonances from EFT

Summary

Apologize for not covering EFT phenomenologies ...

Such as b-physics, collider physics, low energy, etc

[ See talks by Jibo He, Qiang Li, Gang Li, Bin Yan, Fa Peng Huang, Shun Zhou ]
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Which EFT for New Physics
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theoretical motivation
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Why New Physics?

experimental challenges
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What New Physics?

Neutrino
Mass

Baryon Gauge

Naturalness Dark Matter

asymmetry Unification

MINIM

Type-| seesaw Higgs portal DM

Higgs Singlet
iggs Single U(l) extensions

Minimal DM

NMSSM Higgs Doublet Type-|l seesaw

G221

Singlet-doublet

- : Higgs Triplet Type-lll seesaw
Little Higgs g8s !I'p YP e — G331

Composite Type-| seesaw Inert doublet

o Pati-Salam

Scalar Portal DM

Vector Fermion Leptoquark

Fermion Portal

SU(5) GUT

Randall-Sundrum

4th gen. quark

Z-prime Portal

Twin Higgs SO(10) GUT

Minimal neutral
naturalness

Hidden U(N)

T : Some models address several problems together
rigonometric

Higgs Apologize if not including your favorite model ... 0

Jiang-Hao Yu (ITP-CAS)



Where New Physics?

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

March 2021 Vs=13TeV
Model Signature  [£dt (™) Mass limit Reference
i, f]ﬂq‘.’? Qe 2-6 ieis Ei.’.’“‘ 139 1.85 mii})<400GeV 2010.14293
mono-jet  1-3jets L',.““ 36.1 § [8x Degen.] 0.9 m(g)-mit})=5GeV 210210874
22, 3-qat) Oer  26jots  Ef™ 139 |& 23 mii')=0GeV 2010.14293
2 Forbidden 1.15-1.95 m(i})=1000 GeV 2010.14203
22, F-qaWh| lep  2:6jets 139 |& 22 mik1)<600 GeV 2101.01629
2@, B-qqlox] e,y 2jets  Ep 361 | & 1.2 m(z)-mix§)=50 GeV 1805.11381
&, BoqqWZR| Oeqp 7-Mjets EP™ 139 |g 1.97 miF}) <600GeV 2008.06032
SSepu 6jets 139 4 115 m(g)-mi¥})=200 GeV 1909.08457
2, gty 01eu ab  Ef™ 798 |& 2.25 mi¥})<200GeV ATLAS-CONF-2018-041
SSe.p 6 jets 139 g 1.25 m(&)-m(Y})=300 GeV 1909.08457
Byby Oep 2p  EP™ 139 | B 1.256 mif})<400 GeV 2101.12527
by 0.68 10 GeV<Am(h, X|)<20 GeV 2101.12527
Byby, by—bT3 — bhE] Oepu 6h Eﬂ: 139 | By Forbidden 0.23-1.35 Am{FY§1)=130 GeV, m(})=100GeV 1908.03122
2r 2b EP 139 | B 0.13-0.85 Am(#,41)=130GeV, m(¥])=0GeV ATLAS-CONF-2020-031
iy, ij—et] Oleu  =ljet  EF 139 |§ 1.25 m(E)=1GeV 2004.14060,2012.03799
77y, iy - Wi, lep  Bjetsnd EP™ 139 |7 Forbidden  0.68 mF})=500 GeV 2012.03799
iy, iy F by, 711G 12 2jetsnb EPe 139 |7 Forbidden 14 m(#,)=800 GeV ATLAS-CONF-2021-008
iy, k) 1 22, eck) Oewu 2c - Epe 364 |E 0.85 miF)=0GeV 1805.01649
Oey  monojet E 139 |& 055 mi)E-mid|)=5GeV 2102.10874
i), =03, ¥ z/n) 12e.p 146 EP 139 | i 0.067-1.18 - :
i, =iy 3e, Emss g 2 Forbidden 0.86 -
Wi e ? L S L Overview of CMS EXO results
VT3 viawz e Epe 139 LA 064 cMs p y
cems zljet  Ep 130 R 0205 String rescrance u SR 1912 12236, 1604.03907 241
LT via ww 2ep Eps 139 |RE 0.42 Zyrsonanca “ 3 L e dde )
g o " Hggs y rescnance O 2=3251 160801257 (14 1y
T3 via Wh Oleq  2bRy EP™ 189 |FyE; Forbidden 074 Color Gcteat Scair, ki =172 M 3 1917 17233 1604 08907 (2
Wik vialy v 2ep EP 139 R 10 Scalar Diquark " =7 191212238 1604.00907 (25)
! L/ . {l ' i+, s lar (scalar). gL x BRIg—21) 003(0004) 1911 049 3, = )
s 7 +¢. psewdoscalar (scalar). 92, x. > = M 04968 (31, = 4N
" "_"”?.l) o 2r ) £ 189 |7 (L TR OG0 0.12-0.39 i puudnrﬂhr(u:ahr),gg % BRIg=2)> =0 03(004) " 1011.04968 (3¢, = 1)
fLrlLR, (=LY 2eq 0jets EF“ 139 |7 0.7
ee, pp =ljet  EP™ 139 |7 0.256 quark compos tanass (4). Nuysa =1 A 1803 0803 (2§)
N quark tonesz (1), 1 o
M, H-hG/2G Oep >3b L‘ﬂ: 361 | i 0.13-0.23 0.29-0.88 Quark composteness (. e J
dep Ojets  EP 139 | & 055 quark compostensz (1, nmn= - 1 i
— Excited Lepton Contact Interaction -
Direct.{ ¥ prod., longdived ¥ Disapp. trk  1jet  Ef' 139 f'; 0.66 Excited Lepton Contact Intaraction "
- 03' {axia Hvector mediator (xx).ga =025, gom =1 my =1 Gev M 171202345 ( 2 1) +ET™)
Stable § R-hadron Multiple 36.1 F 2 {axiakjvector mediator (93), gq = 0.25.9cm = 1, m; =1 GoW " 101212238; 1604.03007 (2j)
N N 0 SCalar MeClator (441, gy = 1. gow = 1., = 1 GeV 190101553 (0,14 + =3j+E7=)
Metastable § R-hadron, §—qq¥ Mutiple 361 |G ——2 reeidemeior mediator (L8, o ooy 1 GV . 190101553 (0, 145 83) £
72, i=tG Displ. lep EF™ 139 | &g 0.7 scalar mediater (fermion portal), Ay = 1,my = 1 GeV “ 1712.02345 (=1 + E7%9)
[ 4 0.34 complex s¢. med (dak QCD). My, = %GRV, CTr = 25 mm " 181010069 (8))
Barycnic 2/, g = 0.25,gcu = 1, my = 1 GeV M 1908.01713 (h + E7*9)
stmF o = Z'=2HDM. g2 = 0.8, gom= L tarf =1,my =100 GeV' - 190801713 (h+ EP*)
x?xf/)(* szttt Sewu ) ) Vectorresonance, Ly e 1 GaV " O 035=07 191103761 (=3j)
XK IR — WW)Zeettwy dep Ojets  Ep™ Leptoguark medistor, § =1, B =0.1, Arow =0.1, 800 <M <1500 G&¥ PO 03=06) 191110151(1p+ 1 +E5)
P 4.5 large-R jots
@‘.3"’{?’?..‘*' o iy RPV stop to 4 quarks M — e
7, i=i%), &) = tbs Muliple RPY s 0 & quarks “ =02 180601038 (2))
T, i—b¥} X1 — bbs >db RPY gluino to 4 quarks " O S TATN 10601058 (2))
l-l'il 7 _'b" 2jets + 26 RPV luinos to 3 quarks " 1810.10092 (6))
iy, =gl 2eq 2h ADD (ji) HLZ, nen =3 M 1803.0803 (2j)
Tu DV ADD (yy, M) HLZ, neo= 3 " 131210443 (2y, 21}
ADD Gyx emission, n=2 M 171202]45(:1"&Er5l
x'f/x%/i?,;‘,;-m.ﬂ-.m- 12eu  >6jets ADD 0BH U9, a0 =6 - 1803 0803 (2))
ADD Q24 jop). neo =€ M 1802.01122 (ep)
RS Geelyy ) kiffn=01 M 1609.00327 (2v)
" " " " PR S S T | RS QBH (jjl, neo =1 M 1803.0303 (2j)
. . o 1 RS QBH fep), neo =1 " 1602.01122 (ep)
“Only a selection of the available mass limits on new states or 10 1 nanatating BH, Me = 4 TeV.neo = 6 " 180506013 (2 7401, 1)
phenomena is shown. Many of the limits are based on pIUED, u=4TeV w A Se ] 1803 11133 (1 4 EpS)
simplified models, c.f. refs. for the assumptions made. RS Grc(ad. 9g). kiMn =0.1 “ s 1912 12236; 160403907 2))
excited light quark (ay), fi = f=# =1 A=m} " SIS 171104652 (v + )
exclied b quark f=f=r=1.A=m; " SRR 1711 04652 (y 4+ )
excited light quark (ag), A=mg " s SEE 1912.12230; 1604.06907 (2j)
excited sledron, f5=(=F = LA=m] u O 25 151103032 (y + 2e]
excited muon, ;= f= £ =1, A= m » D 2SS B 181103052 (y + 21)
WISM, [Vy|* = 1 B, [Val =18 " <12 180202065 (31(p,e))
WISM, [V VAl Ve 4 [Vin] D = 1.0 " 002-15 190610905 (21, = 1j)
i Type-Ill seecaw heavy fermions, Havor-democratic M <088 191102008 (31, = 4N
Vector like taus, Doublet “ 012-079 190510853 (34, =44, 22, = 1v)
scalar LQ (par prod., coupling 1o 1% gen. farmions, 8 =1 M <144 181101197 (20 4 2j)
scalar LQ (psit prod.], coupling to 1% gen. fermions, 8 =05 " <127 181101197 (2e + 2j; @ 4 2j + Ef'™)
scalar LQ (par prod.), couping 1o 2% gen . fermions, #=1 I <183 180805082 (2p+ 2))
zscalar LQ (pair pred., coupling fo 2% gen. fermions, S =1 M 08-15 181110151 (1p & 1j+EP=)
scalar LO (pair prod. ], coupling 10 2" gen. fermbons, f=0.5 “ <129 1B0B05082 (2u+ 2j;m +2j + 5"
scalar LQ (par pred.), couplng to 3% gen. farmions, £ =1 - <102 181100806 (2v+ 2j)
scalar LQ (single prod ), coup to 3% gen. ferm. f=14=1 M <074 1806034722+ b)
Zo, namow rezonance M 1912.04776 (20
ZTo. NAMON rESONANCe M 191204776 (2
S5MzZ° - EX0 19019 2e,2p)
SSMZ'laa “ e s=2191 1912 12238; 1604 08907 (2))
Zlqq! M 100510331 (15, 1y)
Superzring Z, " S Dz | EX0-19-018 (2e, 20
WPV Z, BRlew) = 10% u T 2 1802.01122 ()
Leptophobic Z " 1 G05=045 190904114 (2))
SSMW(tv) " D e 180333 (4 BT
SSMW () u O 180T 11420 (v B
SSMW(g3) u =60 1912.12238 1604 08907 (2))
IRSM Walthe), My, =0 SMw, M 180311116 (204 2j)
LRSM Wil thin), Mag = 0 .5My; - 1811.00806 (27 + 2j)
Axgluon. Cobron, cotd=1 " S 6 1912.12236: 160408907 (2

o1 10 100

Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included). mass scale [TeV]
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Paradigm Shift

New physics beyond the LHC threshold: paradigm shift for BSM searches

Direct signature

Indirect searches

SM
>
E
resonance bump hunting at the LHC distribution (xsection) deviation at the LHC
Model building Effective operator description

Jiang-Hao Yu (ITP-CAS) 0



Effective Lagrangian

2005/12/18 First TeV Physics Working Group Meeting
[ Prof. Y.-P. Kuang’s slides ]

SUSY TC top seesaw extra dim. little Higgs - --
(%2 Higgs) (JC Higgs) (¥ Higgs) (T Higgs) (% Higgs)
N N l / /
H IR —2
N/ ¢

Y TilmrEEEN . B LHC RRIHHNF, ERRXFHZ.
RUERDM T FRHNKERY (FRHEEEH)

effective Lagrangian ‘ heavy particles in new physics

A

E

o512 Higgs 1§
TEABE RS

e JCiZ Higgs RYEN:
il E HESFTHEK S NERH

Jiang-Hao Yu (ITP-CAS)



Which EFT for New Physics?

Before the Higgs discovery ...

Weak dynamics @ EWV scale Strong dynamics @ EWV scale

SM, SUSY, etc Technicolor, etc
Standard Model EFT Electroweak Chiral Lagrangian
(SMEFT)

M S
Jiang-Hao Yu (ITP-CAS) 0




SMEFT
After the Higgs discovery ...

200/
150

Dim-5
Weinberg

citation / year

—
)
o

)
T |O| T T T T T T

O

1980 1990 2000 2010 2020
%(LlH )(L]H ) +h.c. year [ citation from inspire-hep ]

Jiang-Hao Yu (ITP-CAS) @




Higgs EFT

Next mission: what 1s the nature of Higgs Boson!

Classify Higgs nature in four categories: [ Agrawal, Saha, Xu, Yu, Yuan, 1907.02078 ]

Landau-Ginzburg Higgs Tadpole-induced Higgs Coleman Weinberg Higgs  Pseudo-Goldstone Higgs
1 V

¢'¢

V(g) = —m’¢To+ M@'0)”  V(9) = —p*Volo +m?ele  V(0)=A610) +e(69)log " V(9) = —asin®(¢/f) +bsin*(¢/ )

Fundamental ~ Partial Fundamental  Conformal particle Composite particle
particle (condensate)

Not all of these scenarios can be described in SMEFT
Need electroweak chiral Lagrangian with light Higgs (HEFT)

Also [ Falkowski, Rattazzi 2019 ]

[ Cohen, Craig, Lu, Sutherland, 2021 ]
. [ Gomez-Ambrosio, etc, 2022 ] m
Jiang-Hao Yu (ITP-CAS)



TeV scale

EW scale

mw

Aqcp

MeV scale

Low Energy Probe of HEP

Energy frontiers for searching new physics

high energy, high cost!

Low energy probe of high energy physics
high intensity, low cost!

Incoming neutrino

R——

Recoiling nucleus
: ﬁ

Nucleus , _
Outgoing neutrino

Also light new physics

Jiang-Hao Yu (ITP-CAS)




EFT Ladder

Energy
L = L& avity + £aop + Lqep + LEW +Lhcavy
UV models S ~ g
many models .....
...... QD VST L
¢ o, G
Standard model EFT Lomerr = Lsn+ A0 + 70+
EW scale Higgs precision, TGC, di-Higgs
Higgs EFT (EW chiral Lag)
mw
c® o
LOW energy EFT C1eFrT = LQED+QCD+ JMZW 01(5) — M;&,OEG) + .
AQCD Flavor physics, leptonic decays
Chiral Lagrangian + Heavy B EFT |£x= £8P bumi) + Lan(s,p b mud £
MeV scale Kaon, pion, and nucleon decays

Nuclear EFT (nuclear matrix elements) OvBB CEvNS
NSI DM direct detection

Jiang-Hao Yu (ITP-CAS) @



4-Fermi EFT: From Beta to NSI

Energy
[ Du, Li, Tang,Vihonen, Yu, 2016.15800 ]
UV models ’
many models ..... [ Du, Li,Tang,Vihonen, Yu, 2011.14292 ]
...... e S CA) e L L oo oo
(Pes)einl(@iue),  (owes)en(@o™u), (Pes)dugeg). (L' :)(@0,7" @)
Standard model EFT (YD H) (L"), (H'D!H)(g,7'v"q,). (H'i'D,H)(i,"d,)
(H'i D H) ('), (H'VDLH) '), () (hlz). (b))
...... Ao 1
{lum(ll] ( 'Pund)( PH/;)
Low energy EFT sy ()] (@1 (35 )d;) (FaPrvs)
AQCD ler(p)]?; (wic"" Prd;) (€aouw PLys) }
Chiral Lagrangian
MeV scale

NOoVA T2K =i
3 g s
E1s
<
IS
3
g 10
g
o l l l B M wpe Mn M ap
Otunsns Ot Pitoien Ot Vs, Ovcovir Ofe,,,, Moy Oty Ry OBl OBl O ©

ad on A [TeV
w »

|,| A || |J ‘ II o || H | |J ” L| @
Jiang-Hao Yu (ITP-CAS)



Operator Basis Construction




History of Weak Theory

First effective Lagrangian: 4-fermion theory

Becquerel Pauli Gamov-Teller 1936

1896 1933 Fierz 1937
B p 5
pasrieiand Beta /Ot | S L
oy © foride o B[ Newwes' | erew 5 Li=Y g {10%s} {1h30:4}
B g L > —> e 1=1
£
- = < B Ol:( 1a Yps Opws 7:757;“ or 75
TRy Endpoint of
Nucleus spectrum Ve
vector current to
My = G (U ibp] [er" 1] Fermi(V/S),

GT(A/T), P

Four-fermi EFT

Jiang-Hao Yu (ITP-CAS)




Four-Fermi EFT

With parity violation, Lee and Yang wrote the most general 4-fermi operators

Question of Parity Conservation in Weak Interactions™

T. D. LeE, Columbia University, New York, New York
AND

C. N. Yaxg,} Brookhaven National Laboratory, Upton, New York
(Received June 22, 1956)

If parity is not conserved in 3 decay, the most general
form of Hamiltonian can be written as

Hinv= Yplyals) (Cs¥ely b+ Cs'Yelyeysys)
+ Wolyeyls) Codbelyey bt CV’¢8T74'Y#'Y5¢V)
Lee-Yan g 1956 +3 Wotvaondn) (Crtyaonas
Wu 1956 +Cr'¥etyaorneyshn) + oty avivsds)
X (=Capysywysps—Ca'Vetvay)
+ ('ppT’Y«i'Yﬂbn) (CP‘peT'Y4'Y5¢v+ CP’¢0T74¢V) ’ (A 1)

OCo * Pe

Complete charge current LEFT operators
Citations per year Comprehensive analysis of beta decays
within and beyond the Standard Model
100
80 [ Falkowski, et.al 2021]
60
energies. The general EFT Lagrangian describing these interactions at the leading order
40 was written more than 60 years ago by Lee and Yang [6]:
20 ELee—Yang - —17’7“‘” (C\-"Eﬁ."ﬂ’/ - C(»'é‘.’//t'}"-')l/) + 1_7‘."“’)"571 (CAE’\,";LA.":'SV - C,IAE’)“)lV)
0 pn (Csev — Cyevysv) %ﬁa‘wn (Créowr — Cpeo,,sv)
1956 1973 1990 2007 — pysn (C’p(?",sl/ - (7}7('31/) + h.c. (1.1)

Jiang-Hao Yu (ITP-CAS)



Weinberg’s Folk Theorem

Start from the complete and independent operators

?
®

Top in . “K

o
i EFT Operators

a folk theorem: “if
one writes down the most general possible Lagrangian, including all terms
consistent with assumed symmetry principles, and then calculates matrix
elements with this Lagrangian to any given order of perturbation theory,
the result will simply be the most general possible S-matrix consistent with
perturbative unitarity, analyticity, cluster decomposition, and the assumed
symmetry properties.”

Weinberg’s Folk theorem, 1979

Jiang-Hao Yu (ITP-CAS) @
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SMEFT

Standard model effective field theory (SMEFT)

UV model unspecified

LHC probing scale

| gfRsroee querk Most general Lagrangian with Lorentz and SM gauge symmetry
Muon
Down quark gt' ‘,%6
:upm Zurr = Lg<a + AO Az T

power counting: canonical dim.

SMEFT provides systematic parametrization of

... all possible Lorentz inv. new physics!

Jiang-Hao Yu (ITP-CAS)



SMEFT Operators

200"
© _
o : Dim-6
~ i Warsaw
c 150
= Dim-5 Dim-6 ‘~ d
S 100 Weinberg Buchmuller&Wyler /

O
o
.4

—

1980 1990 2000 2010 2020

. year
XJ(L,-H)(LJ-H) +h.c.

Jiang-Hao Yu (ITP-CAS) @
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Dim-6 Operators

Why completing dim-6 took more than 25 years?

0,=i(¢'¢),

=1 t “(of -~
Oav Zau(q’ ¢)a (‘P q’) . OG =fABCG:"GfAGACM ,

Og =ancG:"GfA Gf“ ’

tedious and prone-to-error

(ool les). O oW WA WS Equation of motion (Field redefinition)
. o7 Qe | fABCGGBGS | Q, (pho)® Qe ot o) (Ten)
Ou=(¢'eNaud),  On=epWIWAWNE. | ) CL iy , o il A Dedl IR AN Bl INAGGIdy
P . . p _ e 1 N ABC F3Aw cYBpriCi featin S P (At~ by
04, = (¢'0)(qde) (D"Dyp) = m*p’ A (4,9 (p) o — el + ejpqg " Tyu — dTq Qz | 1OGrGIGE | Qo | Hl'Y0E) | Qu | PGS
i WtV (A AR t\AA Auy Qw | NWIWIPWSE | Qon | (¢'D"¢)" (¢! D) | Que (') o)
Oua=Xe'9)GLG™",  Ow=(¢'0)GLG™, iPl=Teep, iPe=Tp, ipg=Tup+Tudp, iPpu=T[3, 2
O,w=Ye @)W, Wi, O,w=(¢'@) W, W™, ’ , . X2 VX 2D
v 1 v r .( . 7 — I — : _
O, =3(¢"¢)B,.B"", O,5=(¢"¢)B,,B"", (l)"”’,m)l B (991’ l)‘{ @ + l"‘/,LT[ I + rn‘,lr' (1) , Qe | #oGLGY™ | Qv | (Gore)r'vWi, | Q) (i D, 2)("1,)
Ows=(¢'7'p) W:.-;B” N Ows=(¢"7"p) W,’.,B“" , Q.a ) (?;,G~4ﬂ" Qun (L,o"e, )oB,, Q:".) (»,;'ib:f @) (i)
0L =(¢'e)(D,0'D*¢), O =(¢'D*¢)(Dyp'e). Covariant derivative commutator Quv | #eWLW | Quo | @ T u)3Gl | Qe | (#iDup)(Enter)
Qv | #eWLwi | Quy | (go™u)r'3W,), | Qw | 'iDue)(Gn"a.)
Onw = ilr'y,D W™ | Oy = ily,D,¢B*", [ D D ] ~Y X Qs | #¢BuB™ | Q| (@o™u)F (i D} )G v 0)
O,p = iéy, D, eB*", p ! - pa Qyﬂi! el ﬁ“,, B Que | (g0 Td,) ("2 Bu )iy )
- in A A‘l y y \ \ r . p=g 2\ N .
O = WA' 'Yu.quGl v, &02 O Quws olrly ”-PIPB:N Quv | (guod, iy _:.Q“D“ o) dd,)
Ogw=igr'y,D,qW"",  Op=igyD.qB*, O 11 Quy | #eWLB | Qus | (God)p i(F D) (py"dy)
0.6 = iiA*y,D,uG*", - . . d . D X L
0.0 = ifiy, D, uB", B | a n Ch 11 entlty [P l“’] O (LL)(LL) (RR)(RR) (LLY(RR)
o= *yofidduchmuller, Wyler, 1986] o [ Gty o] Gueenre [o] Gl
Oup = idy,D,dB*" . I = b I d - - Q| @ned@ara) | Qu | (Gredmaru) | Qu | Gl )iEatu)
ntegration art (total derivatives 08 | @rura)arria) | 0 | Gniddara) | @u| Gt
Op, = (ZD,e) D* 0p, = (D,Ze)D* : . ,
o ={ED ) D" 5. =(DLID%.  oW=i(e"D,e)Er0), Lo | g : .
ST P — " QY | Gk @a) | Qu | @red@rw) | Qe | @nan@Eted
o B O(:) ) i('P'D“T"P)(?y“f’l) ’ DTl ~ T Dm n) — Dn+ 1 ~ ‘t Dm_ 1 ~ a Dn ~ T Dm -1 - | QII-:I (G b)Y aA ') || Qua (epyper)(diydy) Q:}:') (Gpyuae ity 1ur)
Oo=D,A)D%,  Op=(DadD". o, = i(s'D.p)ev"e)., (D"p)' (D™¢) = —( ©)'( @)+ 0 |(D"p)'( ®) Q| @adard) | 0 | GruT e T
O =(le"1')eW,.,  Ow=(lr"e)eB..  0L=i(¢'D,e)dv"9), 1 1 Qi | @) der ) | Q) | (@) (deyde)
e . - - QW | @ Thq) Aoy Tde)
Ou6 =(Go*" A *)§G1, , 0% =i(¢'D,'e)ay*r'g) F|erz Identlty TATA = =600 —0,30 —
) aBtkA — a\Vkg — afBVkA (LR){RL) and (LR)(LR) B-violating
Ouw =(§o** T'w)¢Wy,,  O.s=(§o*"u)éB,,, = i(¢'D,e)(iiy" T
) qc,. A : ’ i O ‘(w, wolE), 2 6 Qledq {(De ) dat) Qg e Fieg [(dnTOu] ()T
. . " o _ , . ,
Oy =(go*"A"d) @G, , Ov_, =i(e DMP)(J‘Y d), TIkTTInn — 25]n5mk . 5Jk5mn ‘ Q"IL';”!. (q;;::,,]-:)‘{qirl,) Qe A [{,1::;)T(,‘:lf"] [lfiA:)T(.'ry}
Opw = (ﬁo"""r'd)(ow",, N Ouw =(go""d)¢B,,. Oyp= i(p'eD“‘p)(ﬂy"d) . J Q:,l, {qi’;'l"‘u., Vel @ T ) || Qe € inEkm [l"];,‘"}"'(-'q;.“] [lfq:”‘:l’("lf‘]
Qi (e iaho) Quten 3 [(da)T Cu?] [(u2)7 Ce]
0 =¥y O(By0),  OF =4 Ty O(Fy"7'0), | QP | Woeen@omu)
. qu pY vt £

05" =¥grA"q)(@y*r"q) ,
05" =g A r'9)(@y*r*7'q),

0% =4§7.9)(av"9) ,
04" =4 gv.m'9)(Gy" ') ,

o= Br0@r0.  OR=CrOr. [Grzadkowski, Iskrzynski, Misiak, Rosiek, 2010]
Ou=Kev.elev'e), O =(Z)(a0), Of=(qu)(ad),

0L = i(iay,u) iy u)
04 =¥(dy,d)(dy*d),

O =My A w(ay A o, = (Za)de), OR=(@*u)(@r*d),

. p o ) O(:JS;(JVN\Ad)(J'Y“AAd) O“ = (qe)(e-q) , O(' - (Ze)(qu) i
e = (Ey,€)(ay"u),
_ oW = s O(l)= AA aAA , —
Ouu= (Ev,e)(d@r"d), el 00 80-1-16-5+1 = 59
O = () @rd),  OU=(ayauNdyara). O =@da), O@=(@"d)dr"q),

Ogu = (Ze)(dq) .

Jiang-Hao Yu (ITP-CAS)



Operator as Spinor Tensor

Operator has more symmetries than what we expected

S0O(3,1) SL(2,C) su@)uxsu(), Spinor-helicity
¢ ¢ € (0,0)
w tha € (1/2,0) Ao
wl o€ (0,1/2),
i v
FNV FLG,B = §FNVUZB € (1,0) /\(,/\_3
Fras = — 5 Funl € 0,1).
Ryuwpo Capro= Cunpo0opys € (2,0) Aads Ay As
D/L Dad‘ — DNUZd S (1/27 1/2) Aaj\d

Operator with explicit spinor indices

A Flajl"‘; (DL‘3)(.13(.'1 (Do-l)ﬁ. @
W (e.po”*D*L,) D, H'

2 2
Yol 5 o . a:‘ x4
6(11(13 6(11(13 6(120.4 6(13(14 Fl ! L"Z ’ (DL 3)0._:: (DOI)(14

Easier to find more symmetries of the operator with spinor indices

Jiang-Hao Yu (ITP-CAS)




Operator as Spinor Tensor

Modern view: operator as contact on-shell amplitude (same S-matrix/ field redefinition)

[ Li, Ren, Shu, Xiao, Yu, Zheng, 2005.00008 ]
[ Li, Ren, Xiao, Yu, Zheng, 2007.07899 ]

[ Li, Ren, Xiao, Yu, Zheng,2012.09188 ]
I/V,l)\ ( po.u/\ “L, ) DUHT [ LI, Ren, Xiao, Yu, Zheng, 2105.09323 ]
[ Li, Ren, Xiao, Yu, Zheng, 2201.04639 ]

[ Sun, Xiao, Yu, 2206.07722 ]
Spinor Tensor mmmdl Symmetrize indices [ Sun, Xiao, Yu,2210.14939 ]
[ Ren, Yu,2211.01420 ]

(DY)apa = ——ﬁaﬁ(liw)

(32)2 (9= (0:3) e (1:3)

. .
26036031) D, o — 4QJUQJ[D , Dy — —6030 [D D,]¢ + ( ‘f’)(aﬂ)(aﬁ)

(é,;) y (;,3) (0,0) (1,0) (0,1) (1,1)

(DY) (ap)a

€a a3 €aya3€aza 46 *36 4F‘l L2 (DL3) 3(Dol) .

(szb)aﬁaﬁ

No need EOM/CDC

Jiang-Hao Yu (ITP-CAS) @



Operator as Spinor Tensor

Modern view: operator as contact on-shell amplitude (momentum conservation)

[ Li, Ren, Shu, Xiao, Yu, Zheng, 2005.00008 ]
[ Li, Ren, Xiao, Yu, Zheng, 2007.07899 ]
[ Li, Ren, Xiao, Yu, Zheng,2012.09188 ]
I/V,l,)\ (e:po.u/\ /LLT) DUHT [ LI, Ren, Xiao, Yu, Zheng, 2105.09323 ]
[ Li, Ren, Xiao, Yu, Zheng, 2201.04639 ]

[ Sun, Xiao, Yu, 2206.07722 ]

[ Sun, Xiao, Yu, 2210.14939 ]
[ Ren, Yu,2211.01420 ]

1 1
. DY) aps = —= 4+ =(D .
601(13&11(1360204€a3a4 Flal L‘gz (DL"i)Z: (DOI)Z: ( w)aﬁa Qeiﬂ(ww)a + 2( ¢)(a6)a
0 O ulu.? o gl uffu“ e cor -
SL(2,C) x SUNN) | e R
n
N Tith; —
O = (€aic¥j )n(gdidj )n H(Dri_“til(bi)ai.i_hi (
P o ~
I< X
.
([

No need IBP/Schouten ——

Jiang-Hao Yu (ITP-CAS) @




Operator as Spinor Tensor

Modern view: operator as contact on-shell amplitude (one-to-one correspondence)
[ Li, Ren, Shu, Xiao, Yu, Zheng, 2005.00008 ]
Operator [ Li, Ren, Xiao, Yu, Zheng, 2007.07899 ]
[ Li, Ren, Xiao, Yu, Zheng,2012.09188 ]

W, (() a? MDH T ) D, H? [ Li, Ren, Xiao, Yu, Zheng, 2105.09323 ]
H “CP r v
[ Li, Ren, Xiao, Yu, Zheng, 2201.04639 ]

[ Sun, Xiao, Yu, 2206.07722 ]

[ Sun, Xiao, Yu, 2210.14939 ]
1

[ Ren, Yu,2211.01420 ]
1
(DY) apa = —QGiB(Ew)a + §(D¢)(aﬁ)a

SL(2,C) x SU(N) \{:..,:,;.;,:}_.,N ..... )

n
o N—

e SSYT = Amplitude

(13) (13) (24) [34]

2 2
Gz F"‘] Xed) D Qg D Qg
€aaz€a az€asal€ s 1 Y2 ( L“3)d3 ( 0-1)(14

JEsRIEE
-

(12) (13) (34) [34]

On-shell @
Jiang-Hao Yu (ITP-CAS)

BN [ = | Q0 | =

DO [ DD | =
Qo= | Q0 [
W Q0] W= [




Operator as Spinor Tensor

Dim-8 operators: 993 (44807) operators for 1 (3) generations

)

0

2

4 6

_ill i

Unified construction of Lorentz & gauge structures by Young Tableau

[—

|

113

VN
DO | —

2134

) X

1]

=

(Tl); 1"{»-"}{‘/ ((i.:fg)D"'Lv-i) DVt

Jiang-Hao Yu (ITP-CAS)

(7‘1): ‘*‘V,{/\ ((f‘l.,,(f"’\[,,,.,i) DMD,, H'I

(26,



Complete Operator Basis

SSYT Filling forms a linear basis, which guarantees all operators found

n semi-standard Young tableau (SSYT)
) — M
N {1,...,1,2,...,2,...} P
}/JV,n,ﬁ p— :,l‘< . . ~ ;#rl 7 - ;E ” #lz — TL - 2}11
= YT method guarantees independence!
n Basis {
Filling all SSYT guarantees completeness!

Can be cross-checked using the Lorentz/Poincare characters

Schur theorem: orthonormal with Haar measure integral ’ dua(9) xr(9) X (9) = IrR-

H(OR, .-, PR!) = /(1/1.(; PE[¢r, ..., ¢r/]. Molien-Weyl formula

Equivalently not using Young tensor, but using the off-shell formalism

-
]

4

g gl == > lid,+0)lig 1 [ Ren, Yu,2211.01420 ]

J=1.j#1
<""-’I.'i lilf/ > <-jilf_; k-"’ A~> - <""ilfz‘.7.-'"'.; > <'l‘7:ITA- l;,:, > + <"":I?i 'l"':lf k > <.ji17.; l-'lfl >'.
Jiang-Hao Yu (ITP-CAS)
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Operator as Spinor Tensor

Young tensor method

BWHHTD2| #l1=3#2=3#3=1,#4=1

111113 1]1]1]2
21224 212|314

~Y

(e g e (eS8 oy
€d3d4€ 1 26 1 36 24

™~ 109 ,(v1 Qg X3¢
6d3d4€ 1 26 1 26 34 2

BLoPWyas (DH') & (DH). ©, B W (DHT)ﬁ (DH)., “

&

(13) (13) (24) [34] (12) (13) (34) [34]

No need to

First list over-complete
and remove redundancy

Details refer to All things EFT seminar

https://www.koushare.com/video/videodetail/12645

Jiang-Hao Yu (ITP-CAS)

Traditional method

BW HHTD?
[ Hays, Martin, Sanz, Setford, 2018]

(D*H"HBy,, W}, (D*D,H"YHBy,,,W,", (D,D"H")HB,,W,", (D,H")(D"H)Bp,,W;".

(D, H"Y(D"H)Br,,W}", (D*H')(D,H)Bp,,W}", (D,HYH(D"B.,,)W};”, (D,H'YH(D"By,,)W}”,
(DYHYWH(D,Br.,,)W}", (D HYHBL,,(D"W; ) (D, HYHBL,,(D"W}"), (D*H'YHBL,,(D,W}"),
HY(D*H)By,,W}", H(D"D,H)By,,W;*, H'(DW) :oﬂ WoWi', H'(D"H)(D,Br.,)W;”,
H'(D"H)(DyBry,)WL", H'(D,H )(D"B:,u,,)it’,’,“’j W H)BL,, (DWW, H(D"H)By,,(DW}"),
HY(D,H)Br,,(D*W}*), H H(D*Bp,.,)W}", HUH(D*D,By.,.,)W;", H' H(D,D"BL,,)W;".

H'H (D" Bryp)(DuW"), H'H(D*BLyy)(DuWL"). H'H(DyuBro,)(D"WL"), H'H B (D*WE"),
H'HBp,,(D*D,W["), H'HBp,,(D,D"W}"). (14)

EOM

(DH')aa(DH) 33 Bpgo5y Wi gegy €72 1€e0
(DH)aa(DH) 35 BL 55y Wiien) 1edBed (€27 4 ePreom)
(DHY) 0e H (DBL) gV Lien 0B caB A€ O
(DH")a H Bpgeny ( /){‘375}13 €0 0B 76 ¢
H' (DH)aa (DBL) a3y, WLieny 9B eaB € n
H' (DH)us Brien (DWXL){.SVS},B 0B calBB A€ On
HUH (DBL){apy).a(DWL) (gysy €457

IBP

K 3 (Dll)«, “
) 5a (DH),,

BL""Weags (
BL(IJ“’Lnﬂ, (

(28,



SMEFT

Field d.o.f: all SM fields Symmetry: SU3 x SU2 x U1

Power counting: canonical dimension

C C

A2

[Buchmuller, Wyler, 1986]
[ Grzadkowski, Iskrzynski, Misiak, Rosiek, 2010] [Murphy, 2020]

C

A3

C C

05 — O,

[ Li, Ren, Shu, Xiao, Yu, Zheng, 2020]

Og O~

—(LH)(L;H)

L

[ Weinberg, 19677 [ Weinberg, 1979 ]

[Lehman, 2014]
DIfsa™A [ Henning, Lu, Melia, Murayama, 2015]

[Liao,Ma, 2016]

[ Li, Ren, Xiao, Yu, Zheng, 2020]
d d [Liao, Ma, 2020]

[ Jenkins, Manohar, Trott 2014] u u ) )
N€J= n-nbar oscillation

[Liao, Ma, 2016]
4 Dim-9 @
Jiang-Hao Yu (ITP-CAS)




Low Energy EFT

Fields: SM fields except Higgs, top, W, Z Symmetry: SU3 x U1

Power counting: canonical dimension

_ c c c c
LQED+QCD Yot F,, FO6 F(% FOS FOQ
AHHJH[M[NWHUMAUHI: [ Ferml’ |934 ]
Sc#wiﬁ?ﬁ:ﬂ'unm D|m'6 [ Lee’Yang’ 1956 ] Dlm-8
i [Jenkins, Manohar, Stoffer, 2017] [ Li, Ren, Xiao, Yu, Zheng, 2020]

[Murphy, 2020]

& ‘ed
stvmn . scawesee [N

: [Liao, Ma,Wang, 2020]
Dim-7/ [ Li, Ren, Xiao, Yu, Zheng, 2020]

[ Li, Ren, Xiao, Yu, Zheng, 2020]
[ Jenkins, Manohar, Stoffer 20177]

RGE [ Jin, Ren,Yang 2021 ] @
Jiang-Hao Yu (ITP-CAS)




EFTs in Broken Phase

Standard model EFT Low energy EFT
SU3 x SU2 x U1 SU3 x U1
: 6 Matching : :
Lsmerr = Lsm + /C\(i—,\”iQ,(S) + %Q,@ + .- _> Crerr = LQED+QCD+ ]\lev; 055) 4 %0&6) R
— Running s
approximate custodial symmetry approximate chiral symmetry
SU(2) x SU(2) SU(2) x SU(2)
¥ = (0°,0) = (_"’;)*_ 3{;)% g 2 g ;. 9r4r, 9p— YR 9R;

(91, 9r) € SU(2) x SU(2) (9z,9r) € SU(2) x SU(2)

(Z) = (g S) #0 The vacuum is not invariant (SSB) (0l(@.a, +dz0,)[0) #0
EW Chiral Lagrangian QCD Chiral Lagrangian
1 .0 ot L 041y T K™
1 V2 ¥ ¥ - v2i o Ve 1 0., 1. 0
P = ——07¢g = = g = s —m+=n K
SM fields and Goldstone meson and baryon @
Jiang-Hao Yu (ITP-CAS)



Chiral Lagrangian

Define the Goldstone matrix, which transform nonlinearly under G

1

Q(IT) = exp [—H(IE)} — Q(H(g)) = gQ(I)h ' (I1; g)

2f
/ T, Ty | o< T

CCWZ Coset _

[Callan, Coleman, Wess, Zumino, 1969] Symmetric Coset

00,0 = d,T" + E,T" = d, + B, Q- gh~, Q- hOgg!
d, — bd,h™', E,—bhEb'—ihd, b U=Q"—gUgy
Op = Dy =0, +1iA, | A= ALT" + ALT* AP = AST® — AT | DU =9,U +iA,U —iUA

Building block Building block

dy(I),  Eu(Il) V=0 +iBu \ 5, — iun )+ 1 w, =iQ(DU)'Q D,
—ara arpa ——ly
T+ fu'T fio= 5w+ £2) =0 FL0 £ B

/1' d’u:u’u

f,ul/ — QTF;WQ — f;u/

Jiang-Hao Yu (ITP-CAS)




Chiral Lag for QCD and EW

Q(IT) = [“((?) uT?H)] u— (o, Ugp = g,ub™t = b ugg

U(ID) = «(I1) —> g, U(M)gh,

QCD Chiral Lag EW Chiral Lag

w, — huy, b V,—g; Vg,

uy, =i [uT (0, —iry)u —u (0, —il,) uT] V,(x) =iU(z)D,U(z)!

X+ = ulxu' £ux'u, W — o.Wuwae)
+ L R A

f/u/ — U’f/u/uT + qu,m/u ’ B;w — QRB;WQTR ‘

B—hBy! v — gL

D,A = 0,A+ [T, A

_ 1 .
[D,u?DV] A= Z [[uu,u,,] 7A] o 5 [ ,uwA] T = I_I’]dRU]L s gLTgE
r, = % [uT (0, —iry)u+u (9, —il,) uT] Y = UYRU" — QLYQE

] p
[ = VATV — VYT* — [[*,TV] = Z[u“’ u’] — %fiu

Jiang-Hao Yu (ITP-CAS)



Higgs EFT

EW chiral Lagrangian , EWChL with light Higgs Higgs EFT

e e

LO and NLO boson 2012 NLO fermion sector 2020  Full NLO and

NNLO
LO Lagrangian
[ Weinberg, 1979 ] NLO Fermionic Lagrangian Complete NLO Lagrangian (p4)

237 (8595) operators for one (three)
[ Buchalla, Cata, Krause, 2014 ]

NECRLEIAEEEVEEU [ pich, Rosell, Santos, Sanz-Cillero, 2015,2018] [ 3um Xiao, Yu, 2206.07722 ]

0."”‘“" = (@0 Tz, @,y Ut Ugn ) FE (h),
: U
[ Appelquist, Bernard, 1980 ] Z‘ o
| ;v@ftezrmfm)lssmg
[ Longhitano, 1980, 1981 ] 01" = U1 Tl 0 LY ),
0L = Lyt Tl )(q UT Uqn,)JFR"" (1),
. Ol = Ve AT, ) OO 1 ) L ),
[ Ferugllo, 1993 ] OS;;;':":yc“"“c“"c’"((Tzk"')w.c<TqR)m.)(qHZ;quku.,)fié“o“"‘(h)-

Complete NNLO Lagrangian (p5, p6)
[ Wang,Wang, 2006 ]

11506(1927574) NNLO operators with flavor number 1(3).
p6 terms for the first time [ Sun, Xiao, Yu, 2110.14939 ]

Jiang-Hao Yu (ITP-CAS) @



Adler Zero Condition

The amplitude In the soft limit of an external leg s [ Adler, 1965 ]
[ Low, 2014 ]

ps— 0 (S(O)(s) 4 S(SUb)(s))A(l ..., N)
1,...,N,s) —— L
A(L,..., N, ) {O(pg) for Goldstone Boson

{—1/2,-1/2,1,0,0}

1(1/1/4 1)11]1]2 11112 11112
2(2(2|5], [2[2[5][5]), [2]2[4([4], |2]|2]|4][5];
415 414 219 415

Expand the soft-limit amplitude into the|SSYT basis
BN (s —0) = 3 Kub™

=1

Put constraints on the SSYT basis

1(1/1/4 1112
2121215 212145/,
415 45| [ Sun,Xiao, Yu,2210.14939 ]

[ Sun, Xiao, Yu, 2206.07722 ]
[ Low, Shu, Xiao, Zheng, 2022]

Jiang-Hao Yu (ITP-CAS)



Spurion Technique

The SU(2) spurion is introduced to parametrize the custodial symmetry breaking

t: €2 ~ T 7% er; €[i[5].

fijfj € 2 ~

T ... 5} ¢ spin j

flTl-lkfkj €3~

T'T/ = T*%" + T'T/ 4+ TUTY,
3®3 1 + 3 + o.

f.I.I I\"TIT.IAI\"

Littlewood-Richarson rules Symmetricjhighest weight

k—27 —— | 2.] |

\ / [ Sun, Xiao, Yu,2210.14939 ]

Gauge Singlet [ Sun, Xiao, Yu, 2206.07722 ]
SU(2) ~

Jiang-Hao Yu (ITP-CAS) @




Massive Amplitude from HEFT

HEFT (broken phase EFT) also describes the on-shell massive amplitudes

1ye 37
st T :V >
2, 4,

Massive EFT On-shell Amplitude
%' %_R S %7 [ Shadmi, Weiss, 2018]
[ Ma, Shu, Xiao, 2019]

[ Durieux, Kitahara, Shadmi, Weiss, 2019]
[ Falkowski, Machado, 2019]
[ Li, Ren, Shu, Xiao,Yu, Zheng 2020 ]
N [ Li, Ren, Xiao,Yu, Zheng 2020 ]
[ Li, Shu, Xiao,Yu, 2020 ]
k] |k] |,,] \ p] |p] , , . .
[ Durieux, Kitahara, Machado, Shadmi, Weiss, 2020]

[ Li, Ren, Xiao,Yu, Zheng 2021 ]
[ Balkin, Durieux, Kitahara, Shadmi, Weiss, 2021 ]

1
%---- . % P %L_Np [ De Angelis, 2022 |
] |k In] 1) e [ Dong, Ma, Shu, Zheng, 2022 ]
n — n—1
Jiang-Hao Yu (ITP-CAS) @




Mathematica Code: ABC4EFT

Amplitude Basis Construction for Effective Field Theory

Home
Repo
Downloads
Contact

Automatic Basis Conversion for Effective Field Theory

Welcome to the HEPForge Project: ABC4EFT

/

This is the website for the Mathematica package: Amplitude Basis Constr Dim
Package —]
Model

This package has the following features:

e |t provides a general procedure to construct the independent and complet
invariant effective field theory, given any kind of gauge symmetry and fielc

e Various operator bases have been systematically constructed to emphasi:
independence (y-basis), flavor relation (p-basis) and conserved quantum

¢ |t provides a systematic way to convert any operator into our on-shell amg
can be easily done.

Authors

Lorentz

E—
Invariance

Gauge

Invariance

The collaboration group at Institute of Theoretical Physics, CAS Beijing (ITP-CAS)

e Hao-Lin Li (previously postdoc at ITP-CAS, now postdoc at UC Louvain)

Zhe Ren (4th-year graduate student at ITP-CAS)

Jiang-Hao Yu (professor at ITP-CAS)

Yu-Hui Zheng (5th-year graduate student at ITP-CAS)

Ming-Lei Xiao (previously postdoc at ITP-CAS, now postdoc at Northwestern and Argonne)

https://abc4eft.hepforge.org/

[ Li, Ren, Xiao, Yu, Zheng,2201.04639 ]

Jiang-Hao Yu (ITP-CAS)

Classes @) sq .
\ Y-basis
S0
Gx

y selection

Fully Automatic

Dark matter EFT
Sterile neutrino EFT

Gravity EFT
Axion EFT

o



Complete UV Resonances from EFT




Top-Down EFTs

For a given UV model Predict Wilson coeff. for each EFT

Standard model EFT
..... EW scale..... ~Matching Higgsprecision, TGC, ditliges

o mw Rugning ...~~~
Low energy EFT
AQCD Matching Flavor physics, leptonic decays
Chiral Lagrangian + Heavy B EFT
MeV scale Kaon, pion, and nucleon decays
Nuclear EFT (nhuclear matrix elements) OvBS8 CEUNS

NSI DM direct detection

Jiang-Hao Yu (ITP-CAS) @



To-Down: Matching to Chiral Lag

2005/12/18 First TeV Physics Working Group Meeting

« ERRIAFMIL A E, B QCD it HE o~ N FRMIKENHRY.

[ Prof. Y.-P. Kuang’s slides ]

* technicolor

* walking technicolor

*

topcolor-assisted technicolor

*

top quark seesaw

*

little Higgs

*

Higgsless model

« S AL ZHR R — LR IERE, fli0.

IAEZEZRMEE ¢y . o [ERFIMTHRIHERY Bk 8k B AR

[ Wang ]

Derivation of Electroweak Chiral Lagrangian from One Family Technicolor Model #19

Hong-Hao Zhang (Zhongshan U.), Kai-Xi Feng (Zhongshan U.), Shao-Zhou Jiang (Tsinghua U., Beijing), Qing
Wang (Tsinghua U., Beijing) (Apr, 2009)

Published in: Mod.Phys.Lett.A 24 (2008) 693-702 « e-Print: 0904.1794 [hep-ph]

pdf & DOl [= cite @ reference search %) 1 citation

Electroweak Chiral Lagrangian for a Hypercharge-universal Topcolor Model #20

Jun-YiLang (Tsinghua U., Beijing), Shao-Zhou Jiang (Tsinghua U., Beijing), Qing Wang (Tsinghua U., Beijing)
(Jan, 2009)

Published in: Phys.Lett.B 673 (2009) 63-67 « e-Print: 0901.3837 [hep-ph]

pdf ¢ DOI [= cite [3 reference search %) 3citations

Electroweak Chiral Lagrangian from Natural Topcolor-assisted Technicolor Model ~ #7'

Jun-Yi Lang (Tsinghua U., Beijing), Shao-Zhou Jiang (Tsinghua U., Beijing), Qing Wang (Tsinghua U., Beijing)
(Nov, 2008)

Published in: Phys.Rev.D 79 (2009) 015002 « e-Print: 0811.0086 [hep-ph]

pdf [= cite
Electroweak chiral Lagrangian for left-right symmetric models #2(

& DOI 3 reference search %) 5citations

Ying Zhang (Tsinghua U., Beijing), Shun-Zhi Wang (Tsinghua U., Beijing), Feng-Jun Ge (Tsinghua U., Beijing),
Qing Wang (Tsinghua U., Beijing) (Apr, 2007)
Published in: Phys.Lett.B 653 (2007) 259-266 « e-Print: 0704.2172 [hep-ph]

pdf & DOI [= cite @ reference search

%) 12 citations pdf

Electroweak Chiral Lagrangian for W-prime Boson #22
Shun-Zhi Wang (Tsinghua U., Beijing), Shao-Zhou Jiang (Tsinghua U., Beijing), Feng-Jun Ge (Tsinghua U.,
Beijing), Qing Wang (Tsinghua U., Beijing) (May, 2008)

Published in: JHEP 06 (2008) 107 « e-Print: 0805.0643 [hep-ph]

pdf (2 DOI [= cite [@ reference search %) 7 citations

Stueckelberg Mechanism and Chiral Lagrangian for Z-prime Boson #23
Ying Zhang (Xian Jiaotong U. and Tsinghua U., Beijing), Shun-Zhi Wang (Tsinghua U., Beijing), Qing

Wang (Tsinghua U., Beijing) (Mar, 2008)

Published in: JHEP 03 (2008) 047 « e-Print: 0803.1275 [hep-ph]

pdf & DOI [ cite

[@ referencesearch %) 15 citations

Electroweak chiral Lagrangian for left-right symmetric models: The matter sector
Shun-Zhi Wang (Tsinghua U., Beijing), Feng-Jun Ge (Tsinghua U., Beijing), Qing Wang (Tsinghua U., Beijing)
(2008)

Published in: Phys.Lett.B 662 (2008) 375-382

@ DOl [= cite [@ reference search %) 5 citations

Dynamical Computation on Coefficients of Electroweak Chiral Lagrangian from One-
doublet and Topcolor-assisted Technicolor Models

Hong-Hao Zhang (Tsinghua U., Beijing), Shao-Zhou Jiang (Tsinghua U., Beijing), Qing Wang (Tsinghua U.,
Beijing) (May, 2007)
Published in: Phys.Rev.D 77 (2008) 055003 « e-Print: 0705.0115 [hep-ph]

@ DOI [= cite [@ reference search %) 7 citations




Top-Down: Matching to SMEFT

- e

Canonical seesaw models

Type-| 5
' ) H) By H) € (Hy

" Yo Mg o M " Yy " " oo Mg ' n
Type-lll : .
',' M, = ~(HYPY M:'Y, M, =(HY?Y,u /M3 M, = - (H?YsM 'Yy

e -
-------------------------------------

Functional § tree & 1-

Method | loop CDE Covariant Derivative Expansion Method

[ Du, Li, Yu, 2201.04646 ]
[ Zhang, Zhou,2107.12133 ]

/l\ [ Li, Zhang, Zhou, 2201.05082 ]

[ Liao, Ma, 2210.04270 ]

/ TS

(Green’s basis) _P (Warsaw basis)

Shifts of SM couplings High- and low-
(o) (¢) 0;:;14’ 0.8 Ot Oyws Ow
Radiative symmetry breaking L _
«—&— dim-6 operators

Jiang-Hao Yu (ITP-CAS) @



Bottom-Up EFT

Given the effective operators, what kinds of UV for such operators?

SMEFT Inverse Problem!

Jiang-Hao Yu (ITP-CAS)



Neutrino Masses

The first evidence of new physics is the neutrino masses

L/E (km /GeV)

Jiang-Hao Yu (ITP-CAS)



Neutrino Masses

The top-down approach is well-known, how about the bottom-up way?

a (H) by (H) ¢ w (H)
. s e Iy ™
5 : :
"R YR gA éza XR g
«— > — e > —_— % —
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................................ [ See Shun Zhou’s talk ]
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Bottom-up: Type-3/2 Seesaw?

(H) : (H)

Whether additional seesaw (type-3/2 seesaw) is possible?

(H) (H) (H) (H) (H) (H)
- .~ Iy “." : .
...’...
: YR Vg & § A a Z’H XR - ]\/[3/ 2
— e —— % —— VL T o — VL
" Y, R o M " Y " 2 oo M  n (% (&
Y3/2 Ys/2

[ Demir, Karahan, Sargm, 2021 ]

Angular momentum conservation not imposed!

Jiang-Hao Yu (ITP-CAS) @



Angular Momentum Conservation

Angular momentum conservation for space-time Poincare symmetry

Operator as the on-shell amplitude

OS = (HL)(HL) (pr, b pr ha|p, Wy Py )

BY = (12)

Acting on the Pauli-Lubanski Casimir, obtain the eigenvalues on spin!

W2<pL7hL;pH7hH|P7 ']7 JZ> — _PQ‘](‘]+ 1)<pL7hL7pH7hH‘Pa J) JZ> = —SZJ(J+ 1)OJ
J
3 H oH 1
r2 Yy — _Zg.. ‘e e e
" {1.3}8 4'51-3<12> [, ————S—— |, 2
[ Li, Ni, Xiao, Yu, 2204.03660 ]
L o H
WiiayBY =0 >‘ - <. sl
L S H
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Complete Tree-level Seesaw!

‘ OS5 = (HL)(H L)‘ [ Li, Ni, Xiao, Yu, 2204.03660 ]

Generalized partial wave analysis for Poincare/Gauge Casimir

W2B = —sJ(J +1)B’

LH — LH channel LL — HH channel
7 y 3 y
Wi 5y BY = —7513(12) " {21.2}3"’ = ()
L . H
H ,H . Rt
‘~s ¢/ J:§ --'(: J =0
L < Y4 L sss
L H
Type-l and lll: SU(2) single and triplet Type-ll: SU(2) triplet, or singlet (excluded by repeated field)
J-basis Model j-basis Model
Ot = 05+0" | type | Ol srr = 04 N/A
oL = 05304 | type Il O =05 | typell

0% = (HL)(HL), ©O“=(HH)(LL)
Jiang-Hao Yu (ITP-CAS) @



Genuine dim-7 Seesaw

[ Li, Ni, Xiao, Yu, 2204.03660 ]

Tree-level seesaw at dim-7: among 19 topologies, one genuine dim-7 seesaw

Topology j-basis Quantum numbers {J, R, Y}
H L O12j34156).1 = 207 — 405, {0,3,-1},{0,3,1},{0,3,0}
l J\ Of12)34156}.2 =20} + 40%, {0,3,—1},{0,1,1},{0, 3,0}
H =~~~ L O(12034156),3 = 1207, {0,1,-1},{0,3,1},{0,3,0}
[ it O1ajsas6).4 = 40} + 408, {0.3,—1},{0,3,1}, {0, 1,0}
Of12134156) 5 = 20} + 40L. {0,1,-1},{0,1,1},{0,1,0}
L H Oqi324156),1 = — 0% — 205 + 307, {2.3,0}.{3,3,0},{0,3,0}
J\/.\ Oqi324156},2 = —OF + 305 +20% + 307, {3,3,0},{3,1,0},{0,3,0}
H - "L L 0{ 13]24/56},3 = _Of + 0’2' - 20;’; — 30.’;- {% l,()}, {%‘3»0}~ {0‘3-0}
H‘ ) it Op13)24156),4 = —O] — O + 307 + 60%, {3.3,0},{3,3,0},{0,1,0}
Op1312456),5 = O + O5 + O +208. {1,1,0}.{1,1,0}.{0,1,0}
. mt Of16)23145)1 = 20} — 204 — 20% + 60} + 608, | {3.3,-1},{3,3,0},{0,3,1}
J\/'\ Of16123145),2 = —20} — OF — OF + 30} + 308, {1.3,-1},{3,1,0},{0,3,1}
H - X L Of16)23145),3 = 305 + 30% + 30} + 302, {3.1,-1},{3,3.0},{0,3,1}
H o H O16)23453,4 = 05 — OF — 30§ + 30, {3.3,-1},{3,3,0},{0,1,1}
Of16)23/45},5 = O — OF + Of — OF. {3.1,—1},{3,1,0},{0,1,1}
H H Ofiz)125)30),1 = O + 405, {0,3,-1},{0,4,-3},{0,3,1}
A L Oy 120125134} .2 = —807 + 403, {0,3,-1},{0,2,-1},{0,3,1}
ST < Op12)125)343,3 = —120%, {0,1,-1},{0,2,-1},{0,3,1}
H L O{12)125)34},4 = —204 — 404, {0,3,-1},{0.2,-1},{0,1,1}
Of12)125)34},5 = —20% — 40%. {0,1,-1},{0,2, ——} {0,1,1}
H H O{12126)34},1 = 307, {0,3,-1},{0.4,-3}.{0,3,1}
H . L Oy121126)343 2 = 1205, {0,3,-1},{0,2,-3},{0,3,1}
ST < Of12)126)34},3 = —1204, {0,1,-1},{0,2,—-2},{0,3,1}
H L Of12)12634},4 = —205 — 405, {0,3.-1},{0,2,-2}.{0,1,1}
Of12)126)34},5 = —20% — 40, {0,1,-1},{0,2,-3},{0,1,1}
H H O212436),1 = —OF — 405, {0,3,-1},{0,4,-1},{0,3,0}
H ! L Of12)124)36),2 = 207 + 60% + 204, {0,3,-1},{0,2,-1},{0,3,0}
/" """ < Of12)124136},3 = —60% — 60%, {0,1,-1},{0,2,-1},{0,3,0}
Ht L Op1212436),4 = —207 +20% + 204, {0,3,-1},{0,2,-1},{0, 1,0}
Of12)12436},5 = —20% + 20%. {0,1,-1},{0,2,-1},{0,1,0}
Ht H Of13)13524}.1 = oy _2011; - 605, { 3,0}, { 4 %} { 3,0}
L ' H | 031135024).2 = —OF — 305 — 40} +90% +60E, | {1,3,0},{2,2,5},{2,3,0}
; Oiapias|24y,3 = OF — OF +20% + 305, {1,1,0},{3,2,1}.{3,3,0}
H L O13)135)24),4 = OF — 305 — 205 — 304, {3,3,0},{3,2,3},{3,1,0}
Of13)135j24).5 = OF + OF + OF + 20%. 31,04 {3.23}.{5,1,0}
H H Ofig)146/2331 = —207 + 405 — 1207, {3.3,-1},{3.4.—3},{5,3,0}
N , H'[" 016146123y 2 = 207 — 305 — OF + 90% + 308, | {1,3,—1},{1,2,—1},{2,3,0}
/ O{l(iu.u;w:i)‘.‘i = 305 + 30% + 304 + 30%, {% 1,-1}, {%.2. —%} { ,3,0}
H L - 30} - 30¢

Of16)146)23}.4 = 207 + OF + Of

59

{3:3,-1}{5,2, -3}, {3, 1.0}

O{16146123),5 = —O0h + OF — OF + OF,

(311}, {32, -3}, {5, 1.0}

Jiang-Hao Yu (ITP-CAS)

H L Oqsnzsjasya = OF — 405 — 404, {5,3,0}.{0,4,-3}.{0,3,1}
H ]y H | Opspasjsy.2 = 207 + OF + OF —90] — 90, {3,3,0},{0,2,-3}.{0,3, 1}
/""' O3)123)45),3 = 207 + O + Of + 307 + 308, {% 1,0},{0,2, _%}’ {0,3. 1}
H L Opusizsiasy o = O — O% + 305 — 308, {5,3,01,{0.2 ~1}.{0, 1,1}
Oqzpzsjasy s = — 05 + O + Of — OF. {3,1,0},{0,2,-3},{0,1,1}
H L O13n2sja6),1 = OF — 407 — 405, 5:3,0},{0,4,-3}.{0,3,0}
n N y H Opispiasasy 2 = Of +205 — OF — 905, {3.,3,0},{0,2,-3},{0,3,0}
P Of13)123)46},3 = —OF — 205 + Of — 308, 5,1,0},{0.2,—1}.{0.3,0}
H L O13)123)463.4 = —OF — Of + 60% + 30%, {1.3,0},{0,4,-1}.{0,1,0}
Oqi31231463,5 = —OF — Of — 20} — OF. {1,1,0},{0,2,-1}.{0,1,0}
H L ' 0{16\126|34),1 :60’11' {%.3.—1},{0.4.—%}.{0,3,1}
i Vol HT Of16/126)34) 2 = —30% +90%, {1,3,-1},{0,4,-3}.{0,3.1}
,,“"- Of16)126/343,3 = —305 — 30, {3.3,-1},{0.,4,-3}.{0,3.1}
H L Of16)126131).4 = —O05 — 20% + 30} + 6 0%, {3.3,-1},{0,4,-3}.{0,3,1}
Of16)126134}.5 = OF + 205 + OF + 20%. {3.3,-1},{0.4,-2}.{0,3,1}
L " Q23123514611 = OF — 205 + 60%, {3.3,0}.{3.4,3}.{0.3.0}
oy " Oja3)2350161,2 = OF — 605 — 505 — 308, {3.3.0}, {32 3}.{0.3,0}
o Oya3)235/46).3 = Of + 205 — OF — 30%, {3.1,0}.{3,2 3}.{0.3,
ot L Oy23)235)463,4 = —O} — Of — 60} — 30%, {1,3,0}.{3.,2,3}.{0,1,(
O(23235)46).5 = —OF — Of + 20} + OF.
L ot O(13136)4531 = OF + 205 + 205 — 607 — 60%, {3.3,0}.{3,4,—5},{0,3,1}
B oy or B | Opspasis 2 = 207 =508 - 50} - 305 - 305, {5 3,0}.{5.2,-3}.{0,3,1}
;o O(13)136)45).3 = 20F + OF + OF + 30} + 30%, 3.1,0},{3,2,-3}.{0,3,1}
H L Oqi3zejas),4 = 0 — OF + 305 — 308, {2~3'0}~{2 2,-3}{0,1,1}
Opiapselasy s = —05 + 05 + OF — OF. {% 1,0},{5,2,—5},{0,1,1}
L H Ogig)156(343.1 = 207 — 405 + 1207, {3.3.-1}.{3.4,—3}.{0,3,1}
ooyl Openseisay.2 = 40% + 0F — 30%, {3.3.-1}.{3,2-1}.{0.3.1}
,'\" O{lﬁ|l§ﬁ|34),:{ = —305_305‘ {%,1,—1}.{%,2,—%},{0.3,1}
H L Of16)156/34),4 = —Of — 205 + 30} + 60%, {3.3.-1}.{3.2,—3}.{0. 1,1}
0{1(;|1su|:54}.5 = 05 + 20:’; + 0’1) + 20?- L 1, -1}, {l»‘ > _L}~ {0,1,1}
L L Ogsinsasey = —OF + 205 + 607, {0 3,1},{3.4,3}.{0,3,0}
el . u y H Oa41134)56) 2 = 407 — 80% + 1207, {0,3,1},{3.2, 5}.{0,3,0}
,l\" N O(34134)56),3 = 208 + 405, {0,1,1}, {% 2, ;—} {0,3,0}

HI H Ogsanizajsey 4 = —407 — 408, {0,3.1},{3.2,5}.{0,1,0}
Osa1134563,5 = 20% +40E. {0,1,1},{3.2,3}.{0,1,0}
H L Of16)126).1 = 607, {1,3,-1},{0,4,-3}
' OF — OF — 307 + 307
. O(16126}),2,3 = 2 ! 5, 13 1},{0,2, -3
H - </ L | hele)as (-205—05+60§+30§ (2.3, -1} {
1 I
—~OF — 207 — OF — 207 .
H Hl 0{10\125}.4,5 = ( ’ ; ! 5) {%,17—1}&0-2_%}

—208 — OF — 200 — OF

| {3.3.0},{0,4, -1}

{1.3.0},{0,2,-1}

{3,1,0},{0,2, -1}

{0,3,-1},{0,4,-%}

{0,3,-1},{0,2,-1}

{0,1,-1},{0,2, -}

{0,3,-1},{0,4,-3}

{0,3,-1},{0,2,- %}

{0.1,-1},{0,2,-3}
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Bonnet, Hernandez,
{510} {5.2. 31.{0.1.0} OQta, Winter, 2009]

[ Babu, Nandi,
Tavartkiladze, 2009]




Complete Dim-6 UV Resonances

[ Li, Ni, Xiao, Yu,2204.03660 ]

Scalar Vector
(SU(3)e. SU(2)2,U(1),) SR R ——
B 2HH' D2?H?H'? dcHH'2Q[(F11),(F8)] ecHH2L[(F3),(F2)] de Tdc Tdcdlc:‘cic T;’-c c th-cchff 1
$1(1,1.0) GL*HH' H?*H'Quc[(S4), (F11),(F9)] HH'WL? D;C;}CHHT;IU DL:Z Tf ] ;ffdcl;l/ e:fzeo:LTL
' H3 HT3((S6), (S2), (55), (S4, $6), (52, S4), (54, S5), (54)] cdeQQ coecQQ
Lo V1(1,1,0) DHH'QQT LLTQQT Q*Q™ dedhucul.
ecHH?L deHH™2Q H2H'Quc A f Lo
y HH”Q[(SAI) (F10), (F9)] HHTQI'[(S4) (7). (F1)] ecenuciy DHHT’U..C'ILC L-qu.[;u,C QQ"?L::U,C
C 3 3 (el < s 3 2 2 21t
52(1,1,1) H2H' Quel(FS), (F12)] 1217 (I eI T Qe
e - vUC ’ o ecHHY™L deHH™Q H?*H'Que
. H H - [(54)‘ (55), (5556), (Sl) (25:1,255) (Sl, 54) (Sd, SG) (54, SG)] D2H2HT2 DchTZUT_: d:(]};ugu,}’:
S3(1,1,2) ec’eq V2 (1,1,1) ccHHL deHH'2Q H2H!'Que
dlecLQ"  dcHHQ[(S6),(S2)] ecHH'L|(S6), (S2)] de HH?Q
S4(1,2.1) H?H'Que  H2H'Quc[(S5), (S1)]  QQtucul. V3(1.2,9) cocl LT
e H3HT3[(SG),(52),(55,56),(52,55), D2H?H'? DHHTLLT L2L12 DHH*QQT
(51,56),(51,52),(52,56), (55),(51,55),(51)] LLTQQT Q2Q]‘2
. . . - V4(1,3,0 y ) .
BLHH'W, D?H?H' dcHHMQ[(F11),(F13)] (1,3,0) ccHH™L deHH™Q H2H!Que
S5 (1,3,0) ecHHT?L[(F3), (F6)] H?H'Quc[(S4), (F11),(F14)] HH'W? ec HH2L
2 ] “
H3HT3[(S7),(56), (52, 56), (S1), (! : V5(3,1,2) dlec LOT
o Fermion - =
ecHH™L dec. - - V6 (3,1,3) ege,Eu.cu,E
dcHHT2Q((S4), (F10), (F14_(SUB)e, SU(2)2,U(1),) N dedLLLT dhecLQT ecehQQT deLiQluc
6 (1,3,1) H?*H'Quc[(F1 F1(1,1,0) DHH'LL! ecHHYL|(F3), (3.2,-5 ecQuc  QQlucul:
o H3H3[(S7), (54), (5¢ BrecH'L DHHLL' ecHH V8 (3,2, 1) ded.QQ' deLiQtue  LLtucul.
= v\ foy @ F2(1,1,1 . —
(5. 87).(S4. 85). (. (1,1,1) cc HHL V9 (3,3, 2) LLIQQT
V10 (6,2, -1) dedlQQ!
S7(1,4, %) F3(1,2,1 BrecH'L ecHHT2L[(F5),(F1), = =
2 H3HT3[(S (1, ),2,) Le:: e€c [( ), (F1), Vil (6,2,%) QQT‘uvc'u.TC
. F1(1,2,%) Decel HHT  ec HH2L[(F6), (F2). 2712 0 oot 020 Tl
s8(1,4,3) 2 C V12(8,1,0) de2dl?  dedlQQ T Q%Q T dedlucul,
H3 F5(1,3,0) DHHYLLY ecHHY2L[(F3), QQMucuf.  uc’ul?
89 (3.1, -3) F6(1,3,1) eccHILW,, ecHHPL|(F V13(8,1,1) dediucut
: 1 2012 o LOW V14 (8,3,0) Q2012
S;U (1(”71- 2;) QQ ecLQuq F8(3,1,-14) BrdeH'Q deGLH'Q DHH'QQ' domm oo o)
11(3,1,2
3 k) 3 5
‘ DHH'QQ! B HQue G HQue deHH2Q[(F11),(52
S12 (3,2, 1) p F9(3,1,2) 0T PuiQue ;tQuL : QlFLL), (52)]
H2H'Qu,
S13(3,2,7) I duc
F10 (3,2, -2 Dded HH' dc HHT2Q[(F13), (F8),(S6), (S2)] dcHHT? .
S14(3.3, 1) ( ) cdg c QI(F'13), (F'8),(56),(52)] dc Q [ de Blas, Criado,
515 (6,1 _Z) BrdcH'Q BrHQuec GrHQuc DHHJ"u..C'u.L
— ' , Perez-Victoria, Santiago, 2017]
516 (6,1, 1) deQ?u F11(3,2,§) de HHT2Q[(F14), (F9), (F13), (F8),(S5), (S1)] s g0,
S17 (6,1, %) H?H'Quc[(F14), (F9), (F13), (F8),(S5), (S1)]
518 (6,3, %) F12(3,2,1) DHH''ucul.  H2H'Que[(F14), (F9), (S6), (52)] H?H'Quc
v 1
519 (8,2, 3) ¢ F13(3,3,-1) deHIQW,  deHH2Q[(F10), (F11), (S5)]
F14(3,3,3) HQucWy dcHHYQ[(F11),(S6)] H?H'Q NeW LHC SearCheS'

Jiang-Hao Yu (ITP-CAS)



Complete Dim-7 UV Resonances

Vector
Scalar (SU(3)c, SU(2)2,U(1),)
(SU(3)., SU(2)2,U(1),) DdcL*ul. D2H2L? DecHLI[(F1),(V3), (F3)|
$1(1,1,0) H3HTL2((S6), (S2), (F5), (F1). (54, S6), (52, 54), va(L11) o _. «n/“
(S4,F5),(S4,F1),(F3,F5),(F1,F3),(S6, F3), (52, F3)| HI*Q'u). dcHL*Q DelH3L
D2?H?L?* ecHL?|(S4), (F ) (F1)] dcHL?Q[(S4),(F10),(F9)] HL*Q'ul dcHL? Q
LZQT L1(84), (F8), (F12)] V3(1,2,3) DecHTSLT (IC(’1 H[uc[ F10), (F12)] DecHLI[(V2),(V5),(S6),(S2)]
Dec HUBLT[(F1), (F3), (V3)] D?*H?L? DecH™LY|(F3),(V3),(F5)]
. H3H'L2[(F1, F3), (S5, $6), (S1), (F5, F6), (F1, F2), (54, S6), V5(1,8,1) ot antic 1)(*”;11:1
1, (S4), (5. S6), (S5). (54, 55), (S1,54), (S4, F5), (S4, F1), (F3, F5) Ddca(,{ HL§Q1.1,§'[(‘F1)_ (VS;(“;’ :
’(Sa’FG)"(Ss"m)"(F3"F6)’(Fz’m)’ff;m)’(SI’F3)] V5 @.1.3) dceLHLzz.}[(fILV’B) F12ﬁ chLQté[(vs),(Fw).(Fs)]
HI2QMul deHL?Q l().::,LHBL DdcL?u}. D;I;f{lféf”[ggofuc)[(g 09)) ((F‘l)) ?g;‘;?g;lma)’(m)]
de b
54(1,2,1) (56 g;;{(zg[fs)’(f;’i;)’((522)}1(55’(5?;5; Q(f) ‘Z)F(f)] (iﬁl) P(jj ; (‘121) FU) V8 (3,2,1) deel HLuL[(V'5), (F10), (F3)] dc2elHQ[(V5), (F10),(F3)]
2 ,H3[-.l]fL2[( 50). (52’56)’( ) et b L (I‘HL(J"' dc? (,.HQ' '(!~ *H Luc
Fermion HL*Q'ul. dcHL*Q
55 (1,3,0) (52,54), (ST, F'5), (S4, F5), ™ (517(3). sU(2) V9 (3,3, 2) HL2QulL[(F5),(V8),(F12)] dcHLQ[(V8), (F10), (F13)]
(F1, F3), (56, F7), D?H?L? ecHLY|(S4).(52)] deHL?Q[(S4). (510),(512)]
D?H?L? ecHL3([(S4), (F4), (Ft HL2Q'ul[(S4),(V5),(V8)] DecH'L'((S2),(F3),(V2)]
HIL2QMul[(S4 dc?H Luc|(S11), (S10)]  deel. HLul[(S10),(V5)] dcHLQ™[(S10), (V8)]
Dec HPLT[(F5), (F3), (1 H2L*W,[(F5)]
H3HL2((F3, F5), (S5), (1), (52, F1(1,1,0) H3HL2((S2, F3), (S5, F5), (S1). (56, F6), (52, F2). (F3, F5).
56(1.3.1) (7). (54), (52, 54), (S8). (S5), (52, 5), (St (F3),(54, 36).(52154)‘.(56 F3),(54, Ss):(Sl.S4).(F3, F6),
_ _ (F2, F3), (85, F3),(S1, F3)|
(S4,F1), (F5,F7),(F1,F3), (S8, F6), S
(2, F3), (S5, F7), HL?Q'ul. dcHL?Q DelH3L
o F2(L11) de3HTL[(S11))  H3HTL?[(S6,F5), (52, F1), (F3. F5).
HIL*QM. dcH ’ (F1,F3),(S5,56).(52,85), (56, F3), (52, F3)]
S7(1,4,1) H3*HTL?[(86), (S5, St F3(1.2.1) DecH'3L[(F5), (F1),(S6),(52), (V2),(V5)] dcel.HLul[(512),(V8)]
S8(1,4,3) H3HL2[(S! : dc*el HQ[(VS), (S11)]
F4(1,2.3)

510 (3,1,—%)

de?H Lug[(S12), (F10), (F1))

ec HL?((S6), (S2))

deel HLul[(512), (F10), (F1)]

ecHL((S4),(S6)] dcHL2Q[(S4),(512), (S14)] HL2Q'ul[(S4),(V9), (V)]

[ Li, Ni, Xiao, Yu, 2204.03660 ]

More LHC searches!

S11(3.1,2) dcHTL((S12), (F11), (F2)] de?H Luc|(F11 D*H?L? DecH'LY[(S6), (F3),(V5)] dcHLQ*((514), (V)]
F5(1,3,0) H2L2WL[(F7),(F1))
512 (3 9 1) (](:3[.]1'[1[(5']]):(}7‘]])] (l:LjQI e HL3
e de HL*Q[(S10), (S14), (F'5), (F1), (F14) HL2QW. deHL?Q 1)‘(}11-‘1.
513 (3,2,7) dc®H Luc[(S11), (F10)) F6(1,3,1) HPHTL?[(S6, F5), (S6, F1), (52, F5). (F5, FT), (F3, F5),
514 (3,3,-%) dcHL?Q[(S12), (F'10), (F5)] o (F1,F3).(56,58),(55,56), (52, 55), (S6, F7), (S6, F3), (52, F3)]
F7(1,4,}) H2L2WL[(F5).(S6)] H3*H'L2[(F5).(S6, F5), (F5, F6), (56, F6), (S5, F5), (S5, 56)]
F8(3,1,-1) HL*Q'ul[(S2).(V8)] deHLQY[(VS),(512),(V5)] dcelHQ[(V5), (S11)]
F9(3.1,2) de HL2Q[(S12). (52)]
F10 (3,2, -5) dc? H Luc((S12), (S10), (S13)]  dcHL?Q[(S10), (S6), (
e dcel HLul[(S10), (V3), (V8)] dcHLQ™[(S10), (S14),
F11(3,2,%) dc®HL[(S11),(S12)]  dc?H Luc[(S11), (S12)
F12(3,2,1) HIL2Qul[(S6),(52),(V9),(V5)] deelHLul[(V5),(512), (V3)]
F13(3,3,-3) HL*Q'ul[(S6),(V8)] dcHLQY[(V8),(S12),(V9)]

F14(3,3.2)

dec HL?Q[(S12), (S6))




Complete Dim-8 UV Resonances

[ Li, Ni, Xiao, Yu, in preparation ]
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% [I | |H]y[| | |HT]H1H.’~(DHDVHV)(DHD:/HTJ.),
Og - % [ Y] II'Ii]Htl‘H’l—(DMDij)(D“'DVHT‘])7

l
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S
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()Y Jui ) Hi(DuH,) (D, H) (DD HY).
group: (Spin, SU(3)., SU(2)w,U(1),)

> < {H,, Hy},{H'3, H,}

* (2,1,3,1) —807 — 480] — 480!
(0,1,3,1) 807
(1,1,1,1) 80 + 160}

{H,,H'3},{H,, H'4}

* (2,1,3,0) 160! — 40] + 560]
(1,1,3,0) 80! — 405 + 80}
(0,1,3,0) 80! +40f +160}

* (2,1,1,0) —2407 — 405 —240{
(1,1,1,0) —40) - 80}
(0,1,1,0) 104

In the forward limit, a twice-subtracted dispersion relation

i 1 [ ds N :
X

(eA)2 53

Particle | Spin Charge/irrep Interaction ER ¢ é©)
B, 1 1 gBU (HTe D, H)+ he. v 8(1,0,-1) 2(-1,2)
= 0 31 gME (HTer H) + h.e. X 8(0,1,0)  2(1,2)
S 0 19(5) gMS (H'H) v 2(0,0,1)  —1(1,0)
B 1 10(A) gBA(H' D, H) V211,00 -1a,4)
=0 0 30(9) gMZ} (H'7TH) X 22,0,-1) 1(1,-4)
W 1 30(A) oW (HFT D, HY X 2(1,1,-2)  —3(1,0)

Jiang-Hao Yu (ITP-CAS)

Analyticity in complex s plane (fixed f)

L f g A0
21 Jo s’ —s

Cauchy’s integral formula

A(s,t) =

Fixed 7 dispersion relation

S | 2 2
Ayt~ [T 2

i’ p—u v\ p > A?

UV full amplitude

EFT amplitude IR ~ UV connection

DiscAjjski(s) = Aijsr(s) — Ap—ig(s)” = ?Z M x(s) My x(s)”

[ Cen Zhang, S-Y Zhou ]
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Unbiased Search for NP @ LHC

Instead of searching new physics model by model ...

There are infinite models (even simplified model) in the market

Search new physics operator by operator!

There are finite operators in certain mass dimension

Un-biased search for experimentalists

SM SM

= E

At dimension 6, only 19 scalars, 14 fermions, 14 vector bosons

Jiang-Hao Yu (ITP-CAS)



Summary

1. paradigm shift in new physics searches
Bottom-up EFT provides a clear pathway to new physics

2. New way of constructing complete EFT operators and its UV
SMEFT, LEFT, Higgs EFT, QCD chiral Lag, gravity, etc

Which EFT? Complete Operators Complete UVs

Nature of Higgs boson Any operator to any dimension Partial wave for

e e s i o e
v amian m =S

3. Given EFT Lagrangians, calculate/measure Wilson coeff.
Application of EFT to various scales: collider, flavor, low energy

LHC Run3 are starting to explore EFT operators systematically

14 14 14 g
Lerr(W,Z,p) = 3. LY =Y 0(W,Z,0) = % 6 OW, Z,¢),

i=0 =0 i—0 1 w2

* E44F LHC 0 LC ENEE o BYFTHE RBLFE. Monte Carlo &4
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B8 (technicolor ...)



Thanks for your attention!



