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Effective Field Theory (EFT) for New Physics
~80 GeV ~246GeV ~1TeV ~10'°GeVv

— >

LEFT EFT/SMEFT UV theory
JUNO BESIII LHC HL-LHC/CEPC

¢ A systematic framework to describe the low-energy effects of new physics.
e Heavy degrees of freedom are integrated out via matching.
e New-physics effects are encoded in higher-dimensional operators.

¢ Different energy scales are described by different EFTs, each probed by
corresponding experiments.

¢ Enables model-independent searches for new physics.



SMEFT v.s. HEFT

* SMEFT, linear realization o Decoupling & Symmetric phase
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e HEFT, nonlinear realization o Non-decoupling o Broken phase
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3 Adapted from Brehmer, Freitas, Lopez-Val, and Plehn, 1510.03443



UV-EFT matching

Zyy = ZLsmt+ Lpsm <¢5Ma (I)BSM) P Loprr = Lsm + Z C;0O; (ébSM)

* Diagrammatic approach (amplitude)

>A/V< {Q[UV (/IUV>} = {‘Q[SMEFT(C»} ><

< Need to know O; in advance

Carmona, Lazopoulos, Olgoso & Santiago, Matchmakereft, 2112.10787
° Functlonal meth()d (aCthn) Gomez-Ambrosio,Quezada-Calonge, 2606.11170

I’ UV,1LPI[¢SM] — FEFT,1PI[¢SM]

o Less intuitive

- SyStematIC Operator generatlon Fuentes-Martin, Konig, Pages, Thomsen & Wilsch, Matchete, 2212.04510

vAut()mati()n-friend|y Brian Henning, Xiaochuan Lu, and Hitoshi Murayama, 1412.1837
Aleksandra Drozd, John Ellis, Jérémi Quevillon and Tevong You, 1512.03003

Timothy Cohen,: Xiaochuan Lu,:and Zhengkang Zhang, 2012.07851
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Complication of UV-HEFT matching

In functional method

e \While non-linear structure meets non-zero VEVs
L > (D,H)"(D"H) + (D,S'D*S) - Vs =V,  The Real Triplet Model

Ve =YZ2H'H + Z(H'H)? + Y2 (S'%) + Z, (512" + Z:HH (S1%) + 23 HISH,
)
1

(
G* 1(02+20 V23 \ |
H = LZ(UH_I_h_FlGO) ,2:521-01-:— ,l:1,2,3

\ ) 2\\/52_ —vg =2V UEeXp<i7ri0i>

e The broken phase (z,.2,.Z,.Y,.Y,, Y} o
{my, mg, My, Sy Vi Vs }

Many effective parameters after symmetry breaking,

e.g. multiple scalar masses, mixing angles.
= Multiple power-counting schemes.

Is HEFT unique? s. Dawson et al, 2311.16897]



Non-linear Representation
The Real Triplet Higgs Model (has an extra VEV vy)

( \ r
G* I (og+30 2zt |
= Lz(vH+h+iG0) E=SR0 =5 =123
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U matrix is separated from heavy scalars.

H. Song, XW, 2412.00355(JHEP 06 (2025) 021)

Goldstone modes could also be excised in “Unitary basis”. (Cohen, Craig, Lu, and Sutherland 2021)
Similar ideas in the 2HDM .(P. Ciafaloni and D. Espriu,hep-ph/9612383; S. Dittmaier, et al, 2022)
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Power Countings

2 2 = V5./V
P — {m¢i,mK,mh,vEW, 8'775}7 é 2" "H

Pz, = {mis, mi, mn, vew, Z2, £}

Pf — {Zla Z23 Z3, Y?},vH7§}

PYQ — {Z].) Z27 Z3) Yla Y27 }/3}



Power Countings

P = {mjs, my, Mn, vEw, S, &}, ¢ =Vslvy
primary HEFT: ~ 1/M? expansion Non-decoupling

pHEFT: m2. ~m% ~ O(t™), my ~vgw ~ s, ~ &~ O(t0),

dHEFT: ml: ~my ~O(t™"), mp~vgw ~O(t’), s,~E&~O(t). |
Decoupling
PZQ — {miia m%{a Mp, VEW, Z2) f}

ZQ-HEFTI méi ~ m%( ~ O(t_l), mp ~ Vpw "~ ZQ ~ f ~ O(to)

P€ — {Zla ZQ, Z3, Y.:37'UH7§}

EHEFT: Zy~ Zoy~ Zy ~ Y3 ~ovg ~ O(t°), €~ O(th). Decoupling
H. Song, XW, 2503.00707(JHEP 06 (2025) 249)

Py, = {21, 22, Z3,Y1,Ys,Y3}.

Yo-HEFT: Zy~ Zy~Zs~ Yy~ Yy~ O, YZE~ O@R™). SMEFT-like



The primary HEFT (pHEFT)
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s (9(1 - 4€2)c! + 3(862 - 8)c2 — 366cls, + 126e,s, — 4¢%) ] } + O(hY),

Non-decoupling effects are all kept.
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~ The pHEFT preserves the maximal information from the UV theory.
- pHEFT can reduce to other HEFTs, serving as a common framework.
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Why pHEFT keep maximal UV’s information?

221’0?{ UV (Zg’UZ — Y3) hO

1
Emass — A (ho (,750) Y302
2 vy (Zyvs —Ys) 27,03 4 S ¢’

Wy Masses are eigenvalues.
vy + 45

1
21 = o (Gmy, + symi)

UH

1 2.2 | 2 2 Vi 2 2
ZQ—@(S,Ymh—FC,YmK—U%I—I_ZIU%mqsi OCM

1 2 2 QUHUZ 2
Z3 = rros [s,,c,, (mK — mh) 0%, + Avd m¢i]

The linear relation between the UV Lagrangian’s couplings and

heavy masses, expansion of 1/M 2 cause no extra truncations
except for the propagator structure.
Ge, Song, XW, 2602.14418(PRD 114 (2026) 1,015013)
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The HEFT of Type-ll Seesaw Model

Ge, Song, XW, in preparation
Based on the nonlinear framework and the primary power

counting scheme, we get HEFT up to NLO (p4 operators).

V. =UDU"'
ALNAL T g

~ Sensitive to various EW processes, e.g. WW — WW.
(VuVa) (VEV)

(Vios) (Vi) (VoV} - Reproduce the results of [2504.02580] but retain higher-order terms.

<VMO'3> <Vy03> <V”VV>

~ Complete basis of AL = 2 lepton-number-violating operators.

(Vuos) (VEag) (V,03) (VV03)

st%(ch +5)  mi(s?—&cP)

(1—262)A  1—k + 2x2 —6&3]

h3 C —%V@)(O) —évew + 2Vew [

2¢(4€2 + 1)vy 2vy 2 2 2k12
W WHH 2 2
e g°vH g~ Vew 2 2
1 -2 x [1—€e*(1—4r+2
c Lrowvn ;" (e 269 S x 121~ x4 267
hZ, 2"
1 2 2 ow
C —=F'(0)(V,VH) IO (o — 4¢s) T I » [1— (1 — 8k + 2+2)]
1 4 4cyy, 4cyy,
— =G (0)(TV,,)(TVH L : e -
& OV (TVE) Yi Liao, Xiao-Dong Ma, Yoshiki Uchida, 2504.02580,
Class|Op. Name Op. Structure LEFT Matching Matching Condition
o)
"/)2 Or LEDCSALLT mgag m’é’“ﬂ — _].‘Z"'(O)
o) e Match LNV HEFT operators onto LEFT for Ovf3f.
¥V Oy prCS’Y”VuULRr O\(EJ)J C\(/tszpmt > —2iVu 7 (0)
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COP™ > Ve M) F1% 1 (0)
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Q/JZW OLX,W szCSUMVWI,wLLr 05/6},; Og}], OS)}I . ) VL B} g Vst LX,W( )
CPT* >~ SV Vi [FIRw (0)
+F 5w (0)] 11




Summary and outlook

e Established the nonlinear framework for UV-HEFT matching.
¢ Developed the power-counting scheme of the primary HEFT.

e Completed the systematic tree-level matching of the Type-li
seesaw model onto HEFT up to NLO precision, including the AL
= 2 LNV sector.

Next:

e UV-HEFT matching for singlet, 2HDM, and scalar extensions
such as the 4-plet, 5-plet, 7-plet, up to NLO precision

* 1-loop matching.
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Thanks for your attention!
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