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| . Basic facts

> What we know:

fixedby SU(3). ® SU(2)r ® U(1)y gauge symmetry

starting to explore

L= ‘Ckmetm kmetlc T ‘CffV T £VVV -+ [’VVVV -+ LEWSB

tested to 0.1% scarce mformatlon

known to ~ 5%




> Quartic couplings play in important role: WEWI_, — WEWE

* |=0 partial wave
E4 E2

- Ao |
My

A=A, M2,

lead to unitarity violation at tree level

¢ |n the SM

Ays X ESWWWW — g%vwz — g%va =0

* H takes part into A2 =0
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> Deviations from SM prediction lead to growth of the cross section

VBF

do
dMww (WW — WW) for gwwww = 1.01gwWwww
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2. Effective lagrangians

> Effective lagrangians describe residual effects of new physics
> It is a bottom-up approach to study departures from the SM

> It should contain all terms compatible with

* low energy particle content
* symmetries

> It should be invariant under local SU(3). ® SU(2)r, @ U(1)y

> Linear realization of the symmetry if the Higgs belongs to an
SU(2) doublet

> The low energy can be written as

J6;
A2

f8j

L= Lgn Ad

Og; -

(’)8j_|_...
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> Operators connected by the egs. of motion are equivalent,
so we must choose a basis. [e.s. Arzt hep-ph/9304230]

> Nice feature: symmetry relates different processes.

> For instance, to describe the Higgs interactions we can use
[arXiv:1211.4580]

YWITW = ZWTW~ (TGO

(D, ®)'WH (D, ®)
hZ hZZ hWWTW ™ (Higss)
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> At the lowest order, TGCs are described by three operators
(DM(I))TWMV (DV(I)) (DM(I))TB“V(D,/CI)) Ty {Wﬂvaﬁﬁ/ﬁu}

> dimension-six operators also introduce anomalous QGC

(D, ®)'WH (D, ®)
— ANWITWT AZWITW T ZZWIW T WIW W W

Te (W W, W7 |

> TGC and QGC come together in dimension-six operators.
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> There are drawbacks to limiting ourselves to dim-6 operators

e TGC will be better measured than QGC so it will be hard to
get the information on QGC

* dimension-six operators do not generate the QGCs:

YYYY VYVL YYLL YLLL LLLZ

* dimension-six operators are generated at loop level, so they
might not be dominant depending on the new physics scale

[hep-ph/9405214]
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We propose a different strategy: [hep-ph/0606118]

> We use effective lagrangians as “straw man” to target QGCs

> We consider effective operators that do not generate TGCs to
assess possible departures from SM predictions

> For that, we need to consider dimension-eight operators

> There are many (|8) operators satisfying this requirement, eg,

Lso = '(DM@)TDV@} x [(DMCI))‘LD”CD_
Lo1 — _(DMCD)TD“CI)} X {(DVCD)TD”CD_
Lquartic — FSO £S,O =+ FSl »CS,l

these operators lead to lorentz structures
without momenta of the gauge bosons  wwww wwzz,zz77]
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oWV =g g [WIW; WIWS |, OWW = gig? (WIWIW W] |
ON? — g0g" [WIZyW Zs)] | OWZ _ gaBgrd {W;W[;Z,YZ(;} |
052 = 0?2 = 0%% = g*P gV (2,257 Zs5] ,

> In the SM
WW__ WW _ 2 wz _ 2 wz 2 ZZ _
CosmMm = " C1.sm = 5 Cosm — 2 Cism— 8 Cam —

Cw Cw
> The anomalous contributions to these Lorentz structures are

1 8A4 1 16c2, A% 32cd, A4

> the connection between different processes is kept
> Example: integrating out a “spin-1| state” leads to

f() B fl B 127 Fp
At A% M2 M,
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> Connection with earlier works using non-linear operators
[pp: hep-ph/ 9805229; e+e-:hep-ph/9711499 and hep-ph/9708310]

LY = ay[Tr (V, V) LY = ag [Tr (V,VH)]?

a 3
. ° 7- a b T
V,=([D, )l with D,» = 0% +igo WiX —ig'¥—-B,,

the relation between the linear and non-linear coefficients is

V4f() V4f1
p— QY p—
8A4 ° 8AA4

(g
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> the dimension-8 operator list also includes

EM,O = TIr _VA[//WW.UJV- % _(DBCI))T DBCP_ »CT,O = Ir WMVWMV} X 1T {WQBWQB
Cun = T[] [0 ] Laa = T[] T et
Lymz = [BuB"]x [(Dﬁ@)TDﬁq)] Lro = Tr|Wa, WHP| x Tr |Ws, W
_ T v T Hu - R ) ) )
£M,3 — _B,qu/B } X [(Dﬁq)) D (I)] ET,5 — Ty WIL“/W,uyi| . BaﬁBaﬁ
Lya = |(D,®) Ws, D ®| x B U
i : Aﬁ : ﬁT,(; = Ir WQVW“B X B,uﬁBOW
Lys = |(D,®) Ws,D'®| x B -
- ‘o A BV_ - LT,? = Ir WaMW“B X BB,/BVQ
Las = |[(D,®) We, WP DFE ! -
L = :(D o) W Wﬁupvcpz Lrg = Bu,B" BagB®
M R - Lry = Ba,B""Bg,B""
WWWW | WWZ7Z | 27277 | WWAZ | WWAA | ZZ7ZA | 7ZAA | ZAAA

Lso0, Lsq X X X 0 0 0 0 0

Caro, Lo Loare Lot X X X X X X X 0
Lotz Lors, Lara Lors 0O X X X X X X 0
Lro L1 L1 X X X X X X X X
Lrs L1g Lro 0O X X X X X X X
L1 L1o 0O 0 X 0 0O X X X
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> QGCs with two photons: let’s consider M2 and M3
Lars = [BuyB"] [(Dﬁcb)fp% Lars = [BuwB"?] [(DBCI))TD“@[)}

> In the unitary gauge the induced QGCs are

Lo = M2 (25 Fw 27 7 9 e 2] | S wiwp 4 LY g, 70

M,2 — IX. Cowd pv Swé v SwCwld pv } A A3 + 802 I6;
fM,Q 2 v 2 v v 921]2 — 92?}2

Lars = (2 FFP + 52 7,,7"° — 250, F, 57" ] Wi W=+ a2 Zs 2"

> Considering just the 2 photons couplings the relation to previous
works (theory, experiment, PDG) is

2

fare  ao s Sa3 a. sy,

AT A2 2022 AT A2 2022

[similar results for MO,MI]
[PDG; pp:hep-ph/0310141;hep-ph/0009262;arXiv:0907.5299

ee,ea,aa:hep-ph/9306306;hep-ph/0105238;hep-ph/0104057;hep-ph/9903315;PLB 228(92)210]
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3. Closing remarks

> LHC and ILC can improve the knowledge on QCGs

> Presently the best limits come from oblique corrections and
unitarity

> After the discovery of the “Higgs” it is natural to use effective
lagrangians where the symmetry is realized linearly

> dimension-8 operators provide a good framework to test QCG.
Tools are available
http://feynrules.irmp.ucl.ac.be/wiki/AnomalousGaugeCoupling

> Question: how well do we need to know the TGCs

in order to extract limits on QCGs!?


http://feynrules.irmp.ucl.ac.be/wiki/AnomalousGaugeCoupling
http://feynrules.irmp.ucl.ac.be/wiki/AnomalousGaugeCoupling

