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Effective theories

Standard Model — Extension

But how does Extension correct Standard Model interactions in
low-energy processes?

Appelquist-Carazzone decoupling theorem:

£+ kT 00+ & 54900 + o)

What are the operators (’)55) and (9,(6)?

» Gauge and Lorentz symmetry

» Dependencies through EOM
Classification given in the paper " Effective lagrangian analysis of new
interactions and flavour conservation” by W. Buchmiiller, D. Wyler

(1986), but...
22 (of 81) operators are redundant and 1 is absent.



SM - gauge group representations structure

Field representation (dimension) | hypercharge
SU(3) SU(2) uQ)
G, 8 1 0
W, 1 3 )
B, 1 1 0
q 3 2 1
u 3 1 %
d 3 1 _%
/ 1 ) _%
€ 1 1 1
P 1 2 %




SM - lagrangian density

Lo=—5GpGM — W, W — 3B, B"
+ (Dup) (D) + mPTo — A (1)
+ il DI + ie Pe + ig Pq + it Pu + id Dd+
— (ITee + gl u(@) + grgdy + h.c.)



Mass-dimension of fundamental objects in units A =c =1

Type vector V, tensor X, spinor W | skalar ¢
3
Dimension || (GeV)? (GeV)? (GeV)2 | (GeV)!
Object D, Wy, Gy By | q,1,u,d, e ®
» for SU(3)
Gh, = 0,GP — 0,GF — gsf"P Gl GS
» for SU(2)
W, = 0,W, — 9,W, — ge” W/ w
» for U(1)

B, =0,B,—0,B,
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1. Description in terms of matter fields ¢, 1, field strength tensors
X, and covariant derivatives D,,. Dimensional analysis.
e.g. dim-6 expressions containing both fermionic and bosonic

fields: Yy XD, X, Yoo, ibpeD, PipeDD, ¢ DDD
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2. Gauge and Lorentz symmetry.

many possible choices of v - the only singlet in QSU(Q) ® ﬁsu(z)
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Lorentz structure contains 2 singlets:

(3.0)® (3,00 @ (3,3) ® (3. 3) = (0,0) & (0,0) & (1,0) & (2,0)
e1L1)a0,1)a1,1)a(21)



Reasoning scheme

2. Gauge and Lorentz symmetry.

many possible choices of ¢ - the only singlet in qu(z) ® QSU(2)
hypercharge conservation

(qtep™)u, (q'p)d, (I')e, + h.c.

2 independent Lorentz invariants (for each):

Y1YreD, D" 1o, hreDH DY



Reasoning scheme

3. Reduction of the set of operators using algebraic properties and
SM EOM:
We have (omitting full div) the following operators:

(Y10 R)(D D" p) (1)
(10 D* DV 1pR)p (2)
(410, D*R) (D" p) (3)
(YLD, D" PR)¢ (4)
(¥ DubR)(D ) (5)
(11R)(D,D ) (6)



Reasoning scheme

3. Reduction of the set of operators using algebraic properties and

SM EOM:
We can reduce:

(YLowR)(D* D) = 5(rowibr)([D*, D¥]p)
%(wLJuV¢R)(igWuV + ig/BHV)SO ~



Reduction scheme




Bosonic invariant operators

P XXX ©*DD
(pfe)® | e wi "W WS | T TIoW LB | (o) (D) (DFp)
KW WIwWKS | ot Tlow], Brv | [0t (D) [(Due) ]
fABCcGA“uGBV pGpC p 90T<PWLIW Wl
fABC(“;AHuGByéG%u ¢T<PW;£VWI“V
plpGh, A
ploGh, GAm
ol 0B, B
ol 0B, B




Invariant operators with 2 fermions

(@"a)('Dup) | [B(FTDI(¢T9) | dom™ M (pTq)Gp,
(@"T'a) (@' T'Dup) | [d(eta)l(¢Te) | To XA (3Tq)G3,
(@y"d)('Dup) | [B(eTN](el) | do* T (¢Tq) W),
(@y"u) (' D) ot T (glq) W,
(dv*d) (" Dup) eot T (T W),
(87"e)(¢"Duv) a0t (31q) B
(I*N(#" D) do (¢'q)Buy
(" )y*(IDugp) 8o (o' 1) By,




Fermionic operators

LLrL RRRR

oy Vil ) Ty 7™ Ipy) (evue)(ere)
(Tp1719p2)(Tps 7" A ) (Up1 Vi, )(Ups Y U, )
(Elpf}’uTICIpz)(Elpa’Y“TIQsz) (dpl’Yu )( P37 dp4)

(Elpﬂquz)apﬂulm) (ty,u)(evte)

(Elm’YMTIQPz)Gm’YuTIIm) (d’Yu )(&r*e)
(Tpu Vi ) (s V¥ )
(“pﬁ/tT Up, ) (dpy TAdp,)




Fermionic operators

LRRL LRLR
(Tle)(&/) (81 Up2 )€ (Tps Ay )
(@)(Tu) (s T p)(Gps TAdpy)
(d1)(1d) (qu)e(le)”

(1 €p2 ) (8ps ps) (Ge)e(Tu)”




Redundant operators

20u(e' )0 (¢1)
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Redundant operators

20,(0T9) 0" (1)

(WrDubL) (D )
[(Dutbr)L](D* )

(b Dop) XM
(7/31 m T Ip, )(7/33’7“ T! Ip4)

I 1 1
Tii Tia = 3010k — 55 0ij0ki



Redundant operators

20,(0T9) 0" (1)

(WrDubL) (D )
[(Dutbr)L](D* )

(¥, D) X
(7/31 T T! I )(7/33’7“ T Iby)
Ti T = 3016k — 200k

The absent one: (ge)e(Tu)™



Lepton/baryon nr violating invariant operators

(ITg") (@) 1
e (L vut®) e (dy] v a5,) 2
e (eg1uai)e" (ug) 7" a) 3

be( T bT
™ (ep, up,)(Upy dp,)

e (I0293,)(9p, 245,)

(e a5,)(9p, e7'a,)

A~ N /N /N /N~
(@) ~
~— N N N N N
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The importance of classification

How to discover new physics?
Recent papers with redundant operators:

» J. A. Aguilar-Saavedra, " Single top quark production at LHC with
anomalous Wtb couplings”, Nucl. Phys. B804 (2008) 160;

» K. Agashe, R. Contino, " Composite Higgs-mediated
flavor-changing neutral current”, Phys. Rev. D 80, 075016 (2009);

» S. Kanemura, K. Tsumura, " Effects of the anomalous Higgs
couplings on the Higgs boson production at the Large Hadron
Collider ", Eur. Phys. J. C63 (2009) 11,
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Example: reduction of (¢)D,1)(D" )

but

(V") (Dy D) = )oHep) (Z ) + (¥¢)(D" D)

(PLDuR)(D*0) = ppD HH Yo X [H e [H oo HH vy |
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