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SM status i - :

* SM Higgs-like 125 GeV particle discovered
* SM validity up to the Planck scale

* no robust deviation from SM predictions observed

* no BSM particles

- direct/indirect limits = M, »
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Why EFT? £ | :

BSM theory is unknown ...

EFT .. the simplest framework to capture physics
essential for a given scale

* fields
* symmetries = most general interactions (ops.)

* appropriate expansion param — decreasing relevance
L=LM4) )

* unknown “cplngs” from experiment
* desired precision = maxn
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The SM building principles

1. relativistic QFT

2. linearly realized local SU(3)xSU(2)xU(1) symmetry

3. vacuum invariant under SU(3)xU(1)

4. SSB due to the non-zero VEV of an elementary scalar

5. "R" interactions
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Two classes of effective BSM descriptions

ESB is realized linearly

* elementary Higgs(es), weakly interacting |
* expansion in v/A

* the leading term £ decouples
* SUSY is a typical example

ESB is realized non-linearly

* dynamical Higgs scenarios, strongly interacting
* a derivative expansion

* the leading term does not decouple
 composite Higgs, extra-dim models
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EFT for linearly-realized ESB | :

1. relativistic QFT
2. linearly realized local SU(3)xSU(2)xU(1) symmetry
3. vacuum invariant under SU(3)xU(1)

4. SSB due to the non-zero VEV of an elementary scalar

5. -R—interactions

the simplest version: SM fields only
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The D=6 effective Lagrangian

_ _ 1
Llinear — LSM + LD_G? ED_6 — ?J_2 Z CaOa

where co = O(v?/A?)

under “reasonable” assumptions:

76 flavor universal D=6 ops
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CP-even Higgs cplngs

(hVV,

hff)

()perat()r (?()llplillg (.‘.()11plillg (EX})(EI‘iIII(EIIt
mw /(2¢8,)hZ,, Z" g (2mw /v)dc. dc., = —0.12 +0.20
LhZ, 2" 0 %/ (2cw)?c.. c..=05+18
LhZ" 0, Zyy, 0 g’c.o c.qp = —0.21 £ 0.82
LhA,, A"V 0 (e/2)%c,- ¢y = 0.014 £ 0.029
~hA,.Z" 0 eg/(2cw )can .y = 0.01 £0.10
~hGs,, G 0 (95/2)*cqq Cgq = —0.0056 + 0.0028
hfrfr + h.c. _ 2::{1 —(myg Jv)e'?s dyy Oy, = 0.55 £ 0.30
dyq = —0.42 + 0.45
dye = —0.17 £ 0.35

exp  __

a(pp = X)exp ['(h = Y )exp/T(h = all)ey,

MY 5 lop = X)s T(h— Y /T(h — all)su
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EFT for nonlinearly-realized ESB

1. relativistic QFT

2. linearlyrealized local SU(3)xSU(2)xU(1) symmetry

the simplest version: SM fields only
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NL Lagrangian for a light Higgs

Higgs h(x) ... a singlet of the EW symm.
U(x) = explic"n(x)/v],

Lt = LM+ AL
T =Us’U', V,(z)=(D,UU",

DU =0,U+igW,U —igUB,,
all CP-even bosonic operators with up to four derivatives:

NG = 5H7DH(h) + Ecpc(h) + ﬁufpmf(h) + {:BPB(h) + 5cpc(h)

+EDH7DDH( +(‘1731 +ZF7D
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The NL CP-even bosonic ops up to 4 derivatives "

operator composition dim
P (1/2) (0,h)(O"R) Fu(h) 1
Pa —gf (1/4) G5, G Fg(h) 4
Pw 2(1/4) WE, WY Fy-(h) 1
Pxy —g"g (1/4) B,,B* Fg(h) 4
P —(v*/4) Te(V,,V*) Feo(h) 2
P (1/v%) [Bﬂﬂﬁh}z Fou(h) 6
Pr (v*/4) [Tx(TV,)]" Fr(h) 2
P ig B#L,Tl'[T[V’“, V¥]) Falh) 4
Py ig Tr(W,, [V, V")) F3(h) 4
Py ig' B, Te(TVH) 0" Fy(h) 1
Ps ig Te(W,,V*#) 0V F5(h) ul
Py getPA Te(T'V, ) Te (VW) Fra(h) | 4
Pas [Tr(TV,)]*> 9,0" Fas(h) 4

h h\ 2

v v

LNy, = LM + ZC’L

1=1
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Linear vs. Non-linear

the bridge:

two effects:

(a) independent NL ops tied to a single linear op

(b) leading NL corrections correspond to higher orders
in linear expansion

X no one-to-one correspondence of the leading corrections

_'
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Linear vs. NL: example of (a) :

2

Op = % B, D'®'D'®  — % Py (h) + 2P4s(h)].

2

Ow = % WEHD“(I)T(J‘“DM(I) — % [pa(h) + 2?5(!‘1)]

P2,Ps .. anomalous TGC's k,, k,

Py, Ps ... anomalous HZZ and HZy vertices

linear — deviations correlated
NL - independent

‘_—_—J'_
EFT for BSM Higgs physics _ M. Gintner



Linear vs. NL: example of (a) ... cont'd &

Sp=4(28+ &), Ap=4(286— &)
YW = 4(253 + 55), Aw = 4(253 — 55).
510 Bounds from lTIGIVTI-:Higgs 510
8 E a8 b
fi o
1.5 1.5
0.75 — 09 ¢
g, _ 303 —
Rt _ —0:9 —
220 = BSM physics Az0 = NL BSM physics
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Linear vs. NL: example of (b)

g W (DD, 8) (010" D @) —  v*Py(h).

AL T N 5
V Y
dim = 8 leading
correction

Pia .. T6C's g7

95Z C14
experiment | the best fit 68%CL 95%CL 95%CL
OPAL ~0.04 | (~0.12;0.13) | (~0.28;0.21) | (~0.16;0.12)
L3 0.00 | (—0.13:0.13) | (—0.21;0.20) | (—0.12;0.11)
ALEPH | —0.064 |(=0.13:0.13) | (=0.317;0.19) | (=0.18:0.11)

EWPD: -0.08<g,7<0.04 @ 90%cL

et et epepeetitepeieetepearpl)
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Conclusions 1

EFT provides:

* model-independent parameterization of deviations from SM;
* simplifying tool focusing at the scale of interest;
* bridge between theory and experiment;

* strongly-interacting BSM's treatable by EFT's only

» EFT can investigate the nature of the ESB mechanism
via its low-energy manifestation;

» symmetry realization related to weak vs. strong physics;
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