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The CW /GW mechanism

We look at the scalar potential along the direction of the field h that gets a vev v
Vo = A (v+h)?
(the tree-level minimum condition implies v=0 or A,=0)
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All particle masses are in the form m? = Av?, with A = \;, ¢2, v4, ...
P %) i f

h 2
One-loop CW potential: V= 14(Q) + (v+h)* [A + Bln (v+h) ]
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(ny = xnumber of d.o.f., k£, = scheme-dependent constants)
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We can choose a scale Qv such that A, (Qcw) = 0. The minimum condition implies:

ﬂ — 0 ; 1 U2 B 1 A
dh |j—o " 2. 2 B
The vev is connected to the scale (1)
) 4 2B
via “dimensional transmutation”: v=c Qaw
. v+h)?2 1
The scalar potential becomes: V = B(v+h)! (m (?}—2) — 5)
. - 5 d?V ) Ny mfp
And the loop-induced mass of h is:  M; = ¥l — 8v?’B = Z o
h=0 ©
1
SM: My ~ w5 (6myy +3my —12m;) < 0 X
Does it
work? 1
BSM: Mj =~ 37202 (Z n; my, +6my, +3my — 12 mf‘) \/

Sum rule for the BSM-Higgs masses: > mimy, ~ (540 GeV)*



A simple realization: the scale-invariant THDM
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Scale-invariant THDM at the “tree level”

Z>-symmetric potential ( no mass terms = classical scale invariance )

A 2 A 2 Y 2
1 +
P = — \/50(’5’@ . (k=1,2)
V2 \ vk + @y +tag
Minimum conditions for , ,
A = —Asus t Ao = — A t
o1 ve £ 0, tanf= 2. 1 345 tan® g, 2 345 COt” 5
U1
Neutral scalar, pseudoscalar and charged ( I ) — R() ( b, )
sectors all diagonalized by the same rotation: Posu '
One eigenstate is aligned . _ ( 1 G ) o ( 1 H* )
— el ’ — :
with the vev v = v} + v3 : o E(U+h+ZG ) e _2(H+ZA)
“Tree-level” masses:
A
mi:méo:méizo, m%[:—)\345v2, m?ﬁl:—k5’027 mQHi:—ﬁfUQ



Also directly in the “Higgs basis”:
A 2 A 2
Vo = 71 (Df,, Pers)” + 72 (D] Prsn)

+ Az (DL, Psn) (PLen®ron) + Au (BL, Prsn) (PLn Panr)

A 2
+ 75 (D6, Posn)” + (A @f,, Pepy + A7 DL, Prcr) Ol Pre + hic.

Minimum conditions for v # 0 : A = 0, Ag = 0

“Tree-level” masses:



One-loop corrections in the literature [Lee-Pilaftsis, Lane et al ]

82v1£
Vi = v+ AV 2 ,0) =
0+ : (MS,P,C)Z] Dpidp; |

Effective-potential
approach:

( AV = one-loop CW potential expressed in terms of field-dependent masses)
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However...

Scale- and gauge-dependent ??7?



Bad assumption for the field-dependent masses in Lee-Pilaftsis, later borrowed by Lane et al. :

where () is the RG scale and the background field-dependent masses are given by

M2 = —2\us (¢1¢1+<1>;<1>2) L ME = 2\, (@’{q>l+q>gc1>2) , _
, S
Ml = —Mgs (q>1q>l+<1>;cb2) , M2 = % (<1>’{<1>1+q>;<1>2) , 5
2 =2
g
M2 = E(qﬂ;@ﬁ@;@g) , m? = |h 2010, . (2.18)

I, + 1By = —[(v+h)2+G°2+2GTG + H?>+ A2+ 2H H™]

DO | —

This works along the h direction, but misses mixed terms in the scalar potential:

1
Volwin = —5s15 (v+h)H+G°A+GTH + G H* + (H?> + A2 + 2H" H™ ) cot 2]

—%)\45 (04 h)? + GOVHYH- + (H? + A°)GHG
— ((w+h)H+GA(GTH  +G HY)—i((v+h)A—G°H)(GTH- —H*G™)]

—%)\5 (v + WA — G°H +i(G*H — H*G)]?



Compute the correct field-dependent masses accounting for all of the mixed terms?



Compute the correct field-dependent masses accounting for all of the mixed terms?

FUGGEDABOUTIT

memegenerator.net

We bypass all complications with a diagrammatic calculation

The effective-potential approx (i.e., p2=0) is anyway inadequate for the heavy-boson masses



The minimum conditions at one loop r, - 20
5 2

Al = —Aszgs tan® § — 302 (Th, — Th tan )

Z>-symmetric basis: 9 o
Ay = —Aaup cot?f — =5 (T, + Ty cot )

v SB

. - 2 2
Higgs basis: Ay = ——5Th Ag = — 51

The Gildener-Weinberg scale is defined by A;(Qqw) =0 (hence, T}, =0)
[ flat direction of the tree-level potential along h |

However, the calculation can be performed at any reasonable scale Q of O(v)

Some questionable claims in the literature:
Eichten, Lane: tree-level minimum conditions “true at all orders” at Qaw

Nhi, Senaha: “maintain” both A1 (Qqw) =0 and Ag(Qcw) =0 (hence, T, =Ty =0)

-



The minimum conditions at one loop r, - 20
5 2

Al = —Aszgs tan® § — 302 (Th, — Th tan )

Z>-symmetric basis: 9 o
Ay = —Aaup cot?f — =5 (T, + Ty cot )
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. - 2 2
Higgs basis: Ay = ——5Th Ag = — 51

The Gildener-Weinberg scale is defined by A;(Qqw) =0 (hence, T}, =0)
[ flat direction of the tree-level potential along h |

However, the calculation can be performed at any reasonable scale Q of O(v)

Some questionable claims in the literature:
Eichten, Lane: tree-level minimum conditions “true at all orders” at Qaw X

Nhi, Senaha: “maintain” both A1 (Qqw) =0 and Ag(Qcw) =0 (hence, T, =Ty =0)

Arbitrary restriction
on the parameter space!



One-loop-corrected mass matrices

~

T =Ty +2cot28Ty

Computed all tadpoles and self-energies with FeynArts, in a generic R¢ gauge

Compared with S.P. Martin’s general formulas, found &2 discrepancies in Ilg¢ (p?)

[ Problem with Goldstone-ghost-ghost couplings, already noticed by Goodsell & PaBehr ]



Pole masses for the physical scalars

Strict one-loop expansion:

7]
M2 = TIuu(0) — 3—Uh
A345 ov? T
Mgz = — — my — + Rell - 3=
H V2G H 2 + Rellyp(my) v
M3 = __ s —m2ﬁ—|—ReH (m)—:
SV T TR e ATy
A dv? T
2 _ 45 2 2
MHi — _2\/§GF — Mg+ —U2 + ReHHin:(mHi) — ;

(V2GF) =0 + 00, &2 = o [HW_W<0>

D - 5VB]

My
All pole masses are gauge- and scale-independent at the one-loop order \/

Mixing is a two-loop effect, but we can compute M7 and M7, as eigenvalues
of the full mass matrix M2 (p?) computed at p* = 0 and p° = m7 , respectively.



Notable results:

1
M}% = S22 (m%—l—mi%—Zm‘}{i —|—6m%+3m%—4]\f0mf)
1
[MQS(O)]hH = 333 (my; (3m3 +m% +2mys) cot 2 — 4 N, m} cot 3]

When devising benchmark scenarios, My = 125 GeV fixes one of the BSM Higgs masses

We can fix another mass by requiring [M%(O)} npg =0 ( one-loop alignment)

[ Note: works only for tan8 < 1 ]

But what masses are we actually fixing?

- (@) 2 A5 (@)
V2Gr H* V2GF

We will identify the 5 A345(Q)
) Mg = — )
tree-level masses with: V2G

m% =
Different scale choices = different scenarios; and we could even choose to fix the pole masses!

A two-loop calculation of the mass corrections would resolve the ambiguities

Note: no ambiguities if we fix directly tan 3, A\3(Q), A\ (Q), \s(Q) at some scale Q !



Numerical examples
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Summary:
We revised the one-loop calculation of the Higgs masses in the SI-THDM

The corrections to the BSM-Higgs masses can be of O(10%)

Mixing affects the My prediction only at two loops, but its effect is not negligible
( must be taken into account in the two-loop calculation!)

A ‘maximally SM-like” scenario with one-loop alignment can be devised

To do:

Extend the two-loop calculation (also to remove ambiguities in the scenarios)

Study the constraints from Higgs measurements and BSM searches at the LHC



Summary:
We revised the one-loop calculation of the Higgs masses in the SI-THDM

The corrections to the BSM-Higgs masses can be of O(10%)

Mixing affects the Mh prediction only at two loops, but its effect is not negligible
( must be taken into account in the two-loop calculation!)

A ‘maximally SM-like” scenario with one-loop alignment can be devised

To do:

Extend the two-loop calculation (also to remove ambiguities in the scenarios)

Study the constraints from Higgs measurements and BSM searches at the LHC

Any volunteers?



Thank you!!!



