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*

Linear expansion I

SM EW doublet ® in O;

n-dimensional operators (’)5")

Lagrangian expansion Lo = Loy + >

suppressed by powers of A"~*

500 fhe +

CP—conserving gauge-Higgs couplings: HISZ basis

Oge = <bT<|> G?,Gv

i
Ogg = ——¢TB LB o
O = %(D#CD)TW””(D,,CD)
Op1 = (D, ) & o (D"d)
Ov4 = (D,®)" (D") (¢10)

Biichmuller and Wyler, 1986
Hagiwara, Ishihara, Szalapski, and Zeppenfeld, 1993
Grzadkowski, Iskrzynski, Misiak, and Rosiek, 2010

g2
Oww = —Z- O W, W o
Opw = ——chB WH &

Op = IT(D,AD)TB“”(D,,CD)

Op = %a# (¢Td) 9, (dTd)

Ote = (D,D"®)' (D, D" ®)

Espinosa’s talk
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Linear expansion'

Oo4 = (D,®)" (D"0) (¢T0)
1
=5 (v+ h)* (W, Wi esc? 0w + 2 esc? (20w) Z2] + (v + h)* (8,.h)°

h

h Wt W~z z
. ) 1 _
DN w w Oo.4 induces

* A2 suppressed W &
Z masses corrections

= ----=

| |
l l
h .
h * Purely cubic and
quartic h interactions

b wt w-Zz z
AN S 1
AN * Cubic and quartic
N
X gauge-h interactions
\ 7/ N 7/ \

7 N ’ \
4 N ’ N ’ \
’ N
72 N ’ N

h h
h h h h 5

h
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Effective approach phiIosophyI

To cope possible BSM signals through
effective gauge invariant operators

[ meo)

Non-linear expansion I



NON-LINEAR EXPANSION GUIDELINE

Inspired by Strong dynamics regimes @ A; ~ TeV

4

Non-linear left-right o-model coupled to a
light Higgs h

v

Effective + SU(2)r extension +  Light Higgs
non-linear h

o-model oo



*

Effective non-linear a—model'

GB d.o.f now encoded as

Uir) (x) = e’ im0/ fum) , fi(r) — GB scales
Larger G = SU(2), ® SU(2)gr @ U(1)g—_, with local rotations
L(x) = e27 @09, R(x) = e?™ k() Uy(x) = e o)
U, — LU U, Ur — RURU!,

DU, = 0'U, + Lg Wiar?U, — g/ B*U, %, x=LR

Covariant vectorial & scalar objects

Vi = (D*U,) UL, T, =U, Ul
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SU(2), — SU(2)g interplay

* Left—right mixing operators
T (0,0f) = Tr (U] 0] U, Uf, O Ug)
Introduction of = O =UlL O/ U,, x=LR

vi=ulviu, & T,=UlT U, =73

Wi = ut
Wi = ul Wi o,
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(Light Higgs h)

U
Introduced through

A

(Linear SM & BSM) VS (Non linear BSM)

Powers of (v + h)" Generic polynomial

., Higgs-dependence
(T ®)" ~ (v +h)”

(&7 D, )" ~ (v + h)" (9,h)" Fhy=%" (;)ngn(h, v)

n=0
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(EFT non-linear o-model]  + (Light Higgs h]

Pure gauge F(h), ,F(h), 8,0"F(h)
non-linear operators

More operators!

14 /28



Effective + SU(2)r extension +  Light Higgs
non-linear h
o-model
4
Constructed by
4

(Building blocks)

T. V& F(h), 8. F(h), 09.00F(h) (EFT
=
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NON LINEAR LEFT-RIGHT DYNAMICAL HIGGS

EFT Lagrangian

Lehiral = L0 + Lo + Lor + AZLcp + AZcp R

* % : LO SM Lagrangian

*

Zo.,r O up to p*-right handed ops.
Zo,LR D up to p? left—right mixing ops.
* AZcp D up to p* left & right ops.

AZcp.ir O up to p* left—right mixing ops.

16 /28



L & LHr & Lk

1 1 v a N
"go:izBluyB'uyfz IU,I/LWP‘ 77G51/GH’3+

2

(9,,h)(9"h) — V(h) — %Tr(va#,L) (1+ 2)2

l\)\n—l

1, . s f2 u h\>
Log ==y Wi Wi = ViV, ) (147 )

Foun = 3 T (W W) — S re(91,,0) (147

e Mixing effects sourced by % | r

e V.V, h, V,V, hh, V| Vrh, V| Vrhh couplings
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CP-conserving part: A%cp = ALcp1 + AZcpr

AZLcp = ccPs(h)+cePs(h)+ Z Gi.iPii( Z ciLPic(

i—{W,C,T}
26
ALcpr = Z ¢i,rPir(h) + ZCi,RPi,R(h)
i—{W,C,T} i—1

2

&
Pe =—-=Gj, G Fo
4 r *]—“(h)_1+2a,f+b,f2+

12
,i B;w B Fg

P =
g * 'P,'YL(h):
Pw, y = ——= W:l, » W2 Fw oy Alonso, Gavela, Merlo, Rigolin & JY, PLB 722 (2013) 330
f2
Py = TY(V“ )fc L * Pir(h) from P (h)

Pry = (m(Tove)) A
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COMPLETE CP-PRESERVING BASIS P; ,(h)

P1x = &x & Buv "n(TX W;V) Fixs Pia, x = Ex Cpvpo "n(TX v';) Ty(v; W;(’”) Fia, x »
Po,x =8 By Tr(Ty [VE,VE]) P2 Pus, x = (Tr(Tx Duv;))zﬁs, ‘s

P3y = igx Tr(W)‘(“’ [v,h s Vo, X]) Fa,x s P16, x = Tr([TX,v,,, X} Dﬂv;) Tr(TX v;) Fie, x »
Py =ig By Tr(Ty VE) 0" 74, Pz, = igx Tr(Tu WS ) Te(To Vi, ) 00 F17, x5
Po,x = ig Tr(WEY Vi, ) 00Fs 5 Prs, = (Tx [VEVE]) (Ta Vi x) 00718, x5

Po, 5 = (Tr(v#, X v;))2 Fo,x s Pio, 5 = Tr(TX D,ng) Tr(TX v;) duFio, x »

Prox = Tr(Viu, x Vi) 000" Fr Pao, x = Tr(Vyu, x V&) 00 Fao, x8" Fro, . »

Po,x = Tr(VEVY) 0uFs 00 F5 Porx = (T V) 00, 0 4y

Py = ’I‘r((D“V;)z) Fo.x» Py = ((TX v;) O Faa, X)z,

Pro, x = Tr(V{ DuVE) 00 F1o, x5 Pos, x = Tr(Vp, x V&) ((TXV;))Z.}}& s

Pur, x = (T (V& V;))ZFIL ‘s Poa, x = Tr(VE V) Tr(To Vi, ) (Tac Voo x ) Foe, x
Pro,x =82 (Te(Tx W)’ o, Pasx = ((TxV2))* 000" Fos.

Prs, = igx Tr (T WEY ) Te(To Vi Vo x| ) Fis o Pas, = (Te(To VA (T v;))Z}‘ZG)X,

Alonso, Gavela, Merlo, Rigolin & JY, PLB 722 (2013) 330 (Al F; = Fi(h)

JY, arXiv:1507.03974
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CP-conserving left-right mixing: AZcp.1r

26
Adepir= Y cwrPir(h) + D cigir Pigyr(h)
i={wW,C,T} i=2,i#4

1 S
Pw,r(h) = 5 ngRTr(WL” W;w,R) Fw, tr(h),

1 ~ o~
'PC, [_R(h) = —5 f[_ fR Tr(ViLVm R) ]:C, [_R(h) 5

1

Pr.ir(h) = 5 fi fr TI‘<-T-L \le) Tr<-?R vuvR)}—TvLR(h)’

* 75 Pigj),Lr(h) in total: s, axiv:1507.03074

* CP-violating counterpart: R. Kunming, J. Shu and JY arXiv:1507.04745
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COMPLETE CP-PRESERVING BASIS P; 1r(h)

Py = 8’ BuwTr (To [VI,VR]) gy Proay = Tr ((Fr, VRI DLV ) Tr (TLVy 1) Fie) »
Pyqy = ig Tr (W“” [VM,R,\Z,, R]) Fa) - Pros) = Tr ([TR V5D, vf) Tr (TR v, R) Fio(s) -
Py = igr Tr (WEY [V, 1.V, 1]) Fary Proe) = Tr (T, VY1 DLVE) T (TuVo, 1) Fuee) »
Py = g Tr (W [V, 1.V, r] ) Fage) s Py = e Te (To W) Tr (TrVy k) 00 Fira) s
Pya) = igr Tr (W,;”’ V1.V, R]) Faa) » Piria) = igr Tr (?R W‘“’) Tr (TL v, L) 8y Fir(2) -
Py = igL Tr (W YV, R) 8y F() Pigay = Tr ('fL v vL]) Tr (TR \7“,,-\,) 0y Frgq)
Ps) = igr Tr (W,;‘” v, L) 8, Fi(a) Pig) = Tr (?R v vR]) Tr (?L v, L) 8y Fig(2)
Po(1) = (Tr (Vf V. r 2 Fo1) Prg) = Tr (ﬂ I\ v;]) Tr (‘TL v, L) 3, Frg(a)
Poy = Tr (Vi Vyu 1) Tr (VEV,, r) Foe) Praay = Tr (TR IV, VR]) Tr (Tr Vo, r) 94 Frs(a)
Pz = Tr (\75 v, L) Tr (\7{ v, R) Foa) Prgs) = Tr ('?L v, v;]) Tr ('T'R v, R) B, Frg(s)
Pogay = Tr (VEVyu r) Tr (V] Vo, r) Foa) Prae) = Tr (Tr V', VRI) Tr (T Vo, 1) 0 Faege)
Pray = Tr (\75 v, R) 0,0" Fry) Pioqy = Tr (ﬂ D, V) Tr (?R \7;) 0, Froq)

P1e(3) = Tr ([?vaf] Duvﬁ) Tr (?R v, R) Fi63) s Posa) = Tr (-FL \7'[) Tr (er Vo, R> (Tr (?R \7;))2 Fo6(4) »

JY, arXiv:1507.03974
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Low energy effects: Decoupling right handed fields

via EOM — - @ unitary gauge as

&L | PiL Pi,R PiG),LR |
2(c —4c
7 (ew,r—%c12.R)
cw,R — 41 R — 42 R+ * 2 =+
&L <i,L - B
fL(ZCW,R*“Cl,R*SCu,R)
+#
f, f
2 ’ (. L/
gL SiL EgQ,R 7r i LR w
&L <L iR ( {—22c,1rs =21 1R} {c, 7}
£ (—2¢; gty gr—4c 2 (cyy p—4c £ (4c19(1) — ¢
B L i, RTew,R—4c12,R Tlew,r—4c12,R L4y —w,r) 1
Go | ciL ( 2 &) + ( Yzf,% &) (4),’R tz (4512(1) - CW,LR) 1
: , :
f Zlewra@) g 2
. ) T i i _f L f
L <L iR T TR T 36 6,26

&1 (1st column):
¢i,. from P; | (2nd col) +  contribution from P; g (3rd col) 4  combination from Pi).LR (4th col)
For fi < fr = {Ps, Pc,i, Pr,1s P1,0, Pa,1» Pa,L} sensitive to the R or the LR mixing ops.

In progress...
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Low energy effects: S and T parameters

A5=252W(]WB—86‘2 517[_ & AT=2ET’L
e Effects by decoupling the right handed gauge fields

e Combined effects: non-linear operators + decoupling (via ¢)

85 =8 (s = Fowan + ) AT=2(ery 4 ere - 2emun)
|

0.004 0.004
0.002 0002
' [:4
2 0000 = 0000
3 &
-0.002 -0.002
-0.004] -0.004

—0.004 -0.002 0.000 0.002 0.004
CrL

-0.004 -0.002 0.000 0.002 0.004
CiL

-3
{eT,L5 cT,Rs €T, LR} ~ 10

{e1,1r cw LRy oy} ~ 1073
In progress... 23/28



Low energy effects: TGC

<z i
ZT6V :i{gl‘/(W:VW_ By W: vV, W™ }Lu) + K\/W: W, v 75 Av VHY W;ﬂ W;u 4
gewwv My

— igg 07 (W0, W, — WS 0,W,i ) Ve + g (0, WHW™Y — o, w™Hw) v,,}

TGC SM Decoupling Decoupling + Operators
4 2. 2,
z 25y 1 = 2 (= Swéi,L 4e"t3 1
1 -2 _ & ¢ —4e” | C - > -
81 oo WB 2w ( T,L ( 12,1 “Z Tszw
2
w = - - - . -
Ky 1 s GwB -5 (221,10 + 28, + &3, + 4&12,1 +2813,1)
w
1 - - -
1 w5 1 [ 962 (CZW +3)612’L+C3»L+2613’L 2, 2% e,
K — « 5 e’ — ] ] 3
z 2y, “WB 2 2, 2w 2 | T aw
2
4,
& - - — %5t
2w
2
~ -
8 - - f{ oL
ZCWchg L
86 - - 2.2 <516,L - Sow
Ongoing...
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2f @ v 2) 2 2
Zqev = & {g\(/vzwiw wiwrT W W — g (WJ W“) + 8zzzz (ZH Zu) +
(1) W T (2) W v (1) W v
Sy VT Ve W WE gy VE Ve W WE = gz AT 2 Wy W
(2) w T i (3 HUPO v —
+ (ngWZA Z,wiw? + he) + igQ, Wi W Ay Zs
QGC sSM Decoupling Decoupling + Operators
3 462 (458,21 | +eap (o —8)E1n, | —283 [ +E11 | —4E13,1 ) —E12.1 ) +S3pE
(1) 1 sy g w1 +2w (2w —8)%12,1 =283, 1 +811,1 —4€13,1) —%12,0) +w ET L
Swwww 2 Qw “WB 82y 52,
244 L 2. - 2 - I . .
) 1 cws,y s 32e Swfl,ﬁ(mw*l)(“e Cu,L*CT,L)*Se Czw(253,L+2%,L+C11,L+8612,L+4C13,L)
Swwww 2 oy “WB 163,52,
&2 = = = 2 =
82777 - - aci oz (G0 + 211, +2 (83,0 + Ea, + 2626,1))
wTw
1 <e2 4wl CW((CAW+3)512,L+2516,L)+
@ (cawt3)s, Zo2w 2w w
e 39 - aws . -
ywwz 27w 42w sw((caw+3)21, 1 +2( 2w, 1 216,1)) 3 .
+ cw + ZCWSWCT,L>
3 _ _ T
N WWZ 2w

1-loop effects from {Pg ;, P11 1 P23. 1> Poa | » Pog | } to the EWPT parameters = & | ~ 10=3 — 10—

Ongoing... 25/28




Low energy effects: Triple gauge-h couplings

1y @
L = ;{gi(m;,hauhaﬂh+gwh’:w’:wh+g

2 2 2
+82,2, 2" o,h+ gggzz,l, FHY 8, h+ (gﬁv)vwwﬂ wl, 8"h+ h.c.) +

(3)

(4)
gl 01z, 2" o,h+ gD, 042, 0V Z, h+ (

(5)
+ &mw

zZ

wiwtn+ g, wiwkOn+ g2, 2,2 h + g9

hZZ

3)
Ehivw

1 1
2 2" b+ gU), Fun 28 bt gl W, WY b

~hZ

f 4
oMW W a,h+huc.) + g

+ gy M W 8, W bt

\%r Z,2" Oh} .

SM Decoupling Decoupling + Operators
[€)) 1.2
&b - - =53¢’ (aw,L = 4 (a1, + 212,1) + 2)
2 2
Q) 12 [low. —4a2,0) aps
8hzz - - EA - W TWW
2.2 2(z _ 2.2 2 2.2 .2
®) 4622 2 (ec LR —1) 4e2c2 2 28222 (o . 2.
Sww | ~ 2 a2 B (% (en = ac,12c,1) +2¢%2w 1)
w w w2w
(6) 492
87z - - -3 (a7, +2a35,1)
w

Ongoing...
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SUMMARY

EW-h interactions analyzed in a LR
non-linear chiral approach

Complete linearly independent basis
of effective non-linear operators has
been constructed for LR symmetric
models.

Generic UV completion for the low
energy non-linear treatments.

Low energy effects from the right

handed gauge field sector: EWPT
parameters, TGC, QGC and gauge
boson pair-Higgs couplings.

PERSPECTIVES

* 1-loop effects from

{Ps,1,P11,1, Pa3,L, Poa,i, Po6,L} to
the EWPT parameters =
&1 ~103-10"1

Bounds on €P non-linear operator
coefficients, mainly from anomalous
triple vertices, can be established
(ongoing..)

Present and future potential of LHC
to measure anomalous P TGVs will
be estimated, via the dependence on
kinematic variables that traces the
energy behaviour produced in the
cross sections by the anomalous
TGVs (ongoing...)
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