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* Why massive amplitudes?

Massive particles W, Z, h, t.

* On-shell technique

the representation of Poincare group

Bottom-up Top-down

Higgs factory (CEPC, etc.)

Momentum + Little group

p> =0, U(1)q
p% # 0, SU(2)1¢

)" = (p) )* R >0

massless particle (helicity h)

massive particle (spin s)
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(1) = (Ip1)*" h <0

where I is SU(2)c indices
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* Constructing amplitude \ . X
1% HT W Ht W HT
amplitude = factorized term + contact term
For massless amplitudes, lim P24 =) A" x A"
P20
fL})
Massless contact term vanishes in the gauge-independence description MA Huber, SD Angelis 2108.03669
For massive amplitudes, lim (P? — m*)M = M @ M~
P2—5m?
" The total unitarity ? D. Liu, Z. Yin 2204.13119

. , _ It cannot work in general field theory.
Massive contact term need other information <

_ UV information (gauge symmetry)
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* Massive spinor = Massless spinor
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For real momentum, m = m = m

* Spin - Helicity S = (s, - .5,) = H= (hi.han---.}p)
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* n-expansion (Agg > Maa)
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* Power counting
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* Massless-massive correspondence
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Bottom-up Top-down

* (Goldstone Equivalence Theorem (GET)
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* The difficulty of the bottom-up approach

1. At subleading order (I > 0), the GET does not work.

2. The (n + l)-point massless pole structure cannot match to n-point massive pole structure .
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Bottom-up

Uq;mbroken @A?roken Q [M]l @M

(1) gauge symmetry breaking

Gauge: unbroken = broken
amplitude = gauge X kinematic
Kinematic: distinguish Higgs and Goldstone bosons

(@) pole structure

=0 For A with external gauge boson, isolate pole structure
to unify UV amplitudes with different helicity categories.

[ >0 On-shell Higgsing: reduce (n + 1)-point pole structure to l-point pole structure

(@ recover little-group covariance

Bold spi A =4 IR deform denominat 2 oy 12
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Bold mass m, M = m
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* Higgs mechanism
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* Massive ansatz
M=Z(p,m)®EN )

/

SU(2)1 invariant

SU(2).g covariant

MDZ 2 _m2 0 -

Bottom-up

unitarity

locality

scaling information (from lower-point amplitudes)

The leading order for the term with a given power a
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* Order-by-order MMC
W*W~hh amplitude
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matching

1. We found an expansion with correct power counting for the massive amplitudes. Using
this expansion, we found each order contribution have a clear UV origin in the top-down
approach. The higher-order contribution can be explained by the On-shell Higgsing.

2. Based on this expansion, we propose a bottom-up inspired top-down matching to
construct massive amplitudes. In this method, the massive amplitude can be constructed
order by order and each massive diagram satisfy the unitarity.

3. Our method can be generalized to other massive field theories with spontaneously
symmetry breaking (e.g. SMEFT and other BSM models) in both tree and loop level.

Conclusion
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