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The famous p

miy

p:

m 2".22 cos? QW’

Tree level relation: p=1

Relation holds also (at tree level) for more general Higgs sector,
as long as only doublets have non-zero vevs




Pioneers on p
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SM subtraction

p—1=Ap=al =T




Self energies of W and Z get corrections from scalar sector
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Definition of self-energy tensor

Iy (¢) = ¢ Avyr ((12) +¢"q¢" Bvv ((12)
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Object of interest ¢2 ~ 0, ¢¢ =my, and ¢* = miy

“LEP scales”




Definitions of S, T, U

® M. Peskin & T.Takeuchi, PRL 65 (1990) 964, PRD 46 (1992) 381

e G.Altarelli, R. Barbieri, PL B 253 (1991) 161

® G.Altarelli, R. Barbieri, S. Jadach, NPB 369 (1992) 3

® |. Maksymyk, C.P. Burgess, D. London, PRD 50 (1994) 529

® R.Barbieri,A. Pomarol, R. Rattazzi, A. Strumia, NPB 703 (2004) 127

Recent papers: more observables

Early papers defined S,T, U in terms of
first derivatives of self energy function at the origin

Maksymyk et al define S, T, U,V,W, X in terms of differences
BPRS introduce second derivatives




Maksymyk et al (1994)

Azz (m%) — Azz(0)  0A,, (¢°)

N iy — sty 0Ayz (¢°)

S
432, 5y m2 I |0 CW SW IG* |
oT Awu; 0) AZZQ(O)’
myy myz
o Aww (miy) — Aww (0) 5 Agz (my) — Azz (0)
453, mé, W m%
04y, (¢°) 0Az (¢*)
—s? 7 + 2cw s 4 :
W Oq? 20 W dq? =0
oV 0Azz (¢°) _ Agz(my) — Azz(0)
0 | pom2 m2 ’
v - Aww (¢*) _ Aww (miy) — Aww (0)
8(]2 q2=m%V m%/V )
0 o _ 0Ag(A)] Ay (md)
SWCW 9¢* |2 my




Main structures:
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Scalar sector: Notation, definitions

Scalars, 3 kinds:
. o
Scalar SU(2) doublets:  ¢r = ( ’]‘(3 ) (k=1,2,...,nq)

Charged SU(2) singlets: ;7 (1 =12,....n)
Neutral SU(2) singlets: ] (I=1,2,...,1,)

Neutral fields have vevs:
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Scalar sector: Notation, definitions

Expand in terms of mass eigenfields:

n l
o = ) UraS]
a=1

Charged fields: o
n=ng+n, ;o= D) TSt
a=1

Neutral fields: mo
m = 2ng + ny, W= Z RSy,
b=1
g ) ReV
U = ( T ) V=1 ImV
R
unitary

orthogonal

/

U: ng X n

T: n.xn.

/

Vi ng Xxm

R: n, xm

Use unitarity and
orthogonality to remove
dependence on 7,R




Scalars couple to W and Z via covariant derivatives

Doublets: )
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Singlets (charged):

Singlets (neutral): no coupling




T given by function
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General expression for T

charged neutral

T = 27722 {z; bZ; [U'V) |" F (m?,i2) charged-neutral: positive

— [Im (le)bb,]zF (i, piiy) neutral-neutral: negative
b=2 b'=b+1
n—1 n

23" 3 W), |"F(m2,m%)  charged-charged: negative
a=2 a’'=a+1

+3 Z [Im (Vﬁ/’)lb]2 [F (my,13) — F (myy, 1) | vanish in
b=2 . .
[F (m 7 m;f) F (7’7‘2%;,7’7‘2‘\‘,21)]}, limit

mw = 1My

All information on scalar sector contained in 2 mixing matrices, and masses
(These mixing matrices refer to the SU(2) doublets)




For S, U, ..., need functions
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Does not in general vanish when m? = m3,
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General expression for §
charged

S A = o2 f 4 jg 2
® = g, ; 253 — U'U),,,)" G (mz, mi, m3)
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All information on scalar sector contained in 2 mixing matrices, and masses




General expression for U

U = 84"2 {ZZ‘ 1/{' } G ( m e m”)
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For VW, X, see arXiv0802.4353 (NPB)

All information on scalar sector contained in 2 mixing matrices, and masses




Application: 2HDM

Higgs basis:

, G+ , Sy
¢1:((v+H+iGO)/\/§>’ P2 = ( R +il) /\/_)
Rotate to mass eigenstates:
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SM part subtracted out
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Limit of mw =mz

2
g 2 ) 2 2 2
Bp = M{(l — On)E(my, ) + (1= Op) F(may, 13) - charged-neutral:
+ (1= Ofy)F(m3, i) positive
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— O%F (2, 12) — OXF (2. 142) — O F (2, 12 .
13 (l 2 [ .3) 12 (l 2 F 4) 11 (l 3 f 4) negative
Recall: ma M2, M3, M4
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Partial degeneracy: 1mo = i3 = ji4
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Impose also custodial symmetry:  m; =
Use: O +0f,=1

Ap >~ 0




Twisted custodial symmetry:

J.-M. Gerard, M. Herquet, PRL 98 (2007) 251802

Mo = [13

Allows for a light pseudoscalar

Ap ~ ———— ()'I.){F(mg.yg) +F(7723~#i) - F(/‘3~%’i)}

Does not “automatically” vanish

But it can be made small by a suitable choice of masses




Inert or dark scalar:

E.Ma, PRD 73 (2006) 077301
R. Barbieri, L. Hall,V.S. Rychkov, PRD 74 (2006) 015007

SM Higgs: 19

2 4

Ap = g | D0 F (78, 18) = F (45,1)
Tmy |5

Vanishes in limits Mo =3  OF M= ju

Barbieri, Hall, Rychkov take 15 = 400 — 600 GeV  “naturalness” argument

Makes Ap < ()
fy < ftg < M3
DM

Compensate by 2 ~ 170 GeV




2HDM cont.
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a bit more complicated




Summary

e S, T, UV,W, X calculated for general scalar
sector, consisting of doublets and singlets

® Result expressed in terms of two mixing
matrices and simple functions of masses:

T: one function
S, U: 2 functions

® In general (5,7, U,V,W, X): 5 functions of masses




