RENORMALIZABILNA
BAZDARENJA

FIKSIRANJE BAZDARENJA |
POLJA DUHOVA

s ABELOVA QED
= NEABELOVA SU(2) & EW
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DODAVANJE CLANA FIKSIRANJA
BAZDARENJA | CLANA DUHA

= Uz clan fiksiranja bazdarenja (koji nije bazdarno
Invarijantan), dobije se dobar propagator,;

= Cijena za to je propagiranje viska stupnjeva
slobode (bazdarnih modova);

= Kompenzacija se izvodi propagiranjem duhova
(nefizikalnih, antikomutirajuc¢ih skalara);

= Umjesto bazdarne simetrije pojavljuje se tzv.
BRST-simetrija, koja osigurava fizikalne rezultate
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J. Romao & J. Silva/1204.6213

A resource for signs
and Feynman diagrams
of the Standard Model

When performing a full calculation within the Standard Model or its extensions, it is
crucial that one utilizes a consistent set of signs for the gauge couplings and gauge fields.
Unfortunately, the literature is plagued with differing signs and notations. We present all
Standard Model Feynman rules, including ghosts, in a convention-independent notation,
and we table the conventions in close to 40 books and reviews.
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2.2. Gauge Group SU(2)p x U(1l)y

For the SU(2);, group, we have
We, =0, W —9,W2—nge®®™WWe (a=1,....3),
D, = (3;.5 +1i1ng I*"I-”?E TG) V.
As for the Abelian U(1)y group. we have
By, = 0,8, — 0,8,
with the covariant derivative given by
Dyt = (O +in"g'nvY Bu) v,
where Y 1s the hypercharge of the field. connected to the electric charge
Q=13 +nvY .

As before 7', ny = £1. Some authors use

rheirs T3 T 'T?Y}/theirs
Q=15+ ny 5 5
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2.3. The gauge and fermion fields Lagrangian

The gauge field Lagrangian is

1 a apy 1 ra {r7apv 1 v
f’gauge — _ZG‘U’HG HY — Eu’ﬁyﬂ HY ZBPLL,B‘” :

where the field strengths are given in Eqgs. (1), (7) and (9).
The kinetic terms for the fermions, including the mteraction with
fields due to the covariant derivative, i1s written as

LFermion = Z iqﬁlﬂuDﬂq - Z Z'E,},Pb Duﬁ”‘L + Z ?:Tr'bRﬁfﬁDnl.bR
quarks U, VR
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2.4. The Higgs Lagrangian

The SM includes a Higgs doublet with the following assignments,

(I) p—

Since ny Ye = +1/2. the covariant derivative reads

. g . Y/ BT
D,® = |0, +in—— (’T+H/J +7- W, ) + 2 T}§T3H/§ + 17
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The Higes Lagrangian 1s
Lhiggs = (D,®)" D, & + 12010 — A\ (0Td)”

leading to the relations,

2 2 92

[ gc m
02 .oms =207, A== 2?1 :
8 miy

Table 1. Values of Tg , Q and Y for the SM particles.

Field ¢, ¢r vy wur dr ur dr ¢t ¢

1 1 1 1 : 1 1

s -5 0 3 3 -3 0 0 3 -3

. b _ 1 _ _1 1 1 2 _ 1 1 1

Ny ¥ 2 1 2 6 6 3 3 2 2
2 2 1

Q -1 -1 o 2 -1 2 _1 4




Expanding this Lagrangian, we find the following terms quadratic in the fields:

1 1 1 1
LHiggs = -+ + §g2112ﬂffﬂf“3 + gg’2v2BHB‘“‘ — ir;r?fgg”ugﬂffB“ + Egzi.rzﬂfjﬁ”_“
1 ] 7 ,_ i . _
+§‘u Moz (g By — rygﬂff) — 5ngv11”ﬂ oMot + o7l gvﬂf’iaﬁ(p (28)
1 , _
LHiggs = -+ + 5}*?1222&2“ + ?H%VWJPV H

—nnzmzZtoz —inmy (W, oteT —=WTFole™),  (29)

1 I 1 1

my = 591;5 my = —qgv =

: 30
cos By 2 g cos By nw (30)
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2.6. The gauge fixing

In the F¢ gauges, the gauge fixing Lagrangian reads:

1 1 1 1
L S - A— ) S — S —— A o)
CETT0 TG T 2, 2%, 8 gy o
e
Fy=0"A,.

Fz=0"Z,+nnz&zmzez,
F. = SHT-VJ +inéwmwe ™,
F_ ='W, —in§wmwe™.

y verify that, with these definitions, Lqp cancels the mixed
second line of Eq. (29).
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2.7. The ghost Lagrangian

The last piece needed for the SM Lagrangian is the ghost Lagrangian. For a linear

gauge fixing condition, as in Eq. (39). this is given by the Fadeev-Popov prescription:

(6Fy) _ O(0Fy) _ 9(6Fz) _ O(0Fa)
Lchost = Na Z [L+ I C_W+LZW+CAW &)

by ci.ca.cz the electroweak ghosts associated with
U= (g=1,...,3),
[[ — oin'ny g'Ya'

ESM — ﬁgauge -+ £15‘+EI‘]_'11'1¢:.~11 =+ ﬁHiggs + JCYukawa + EGF —+ EGhost
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3. Notations found in the literature

‘ . Tﬂ r . /
D, =0, + z-*qg?lf{ﬁ +1i1' ny ¢'Y B,. Q=13 +nyY
Wi =nz Z, cos by + Aungsin Oy Nz Zy = W3 cosby — Byung sin Oy
B, = —nzZune sinby + A, cosw : A, = I—ﬂ? ne sin By + B, cos By

(13)

sets the sign convention for 7. 7', nz, ne. and ny

in the literature are shown in Table 2.



Table 2.  Sign conventions found in the literature. An asterisk, *, on the

last column means that such authors have Q = (73 + Yiheirs)/2 instead
of our Eq. (11).

Ref. 7 n' Nz 170 1% Ne Y
2—6,46 + + + + + +
—17 + + + + + *
18,19 — — + + + —
20-30 — — + + + — *
31,32 - — + — + +
33 - — — + + — *
34 — + + — +
35,36 — + + — — +
37 — + + — +
38 + — + — — *
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5.1. Propagators
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5.2. Triple Gauge Interactions

W,

NG L4,

p+/ —ine€[gop(P— — P+ ) + Gou(P+ — Do + Gua(qg —p-)p]
V[/;F
We

P Lz
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5.3. Quartic Gauge Interactions

W W
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