Chiral symmetry and Ward identities
Andrea Shindler

shindler@frib.msu.edu
www.nscl.msu.edu/directory/shindler.html

TALENT School - From quarks and
gluons to nuclear forces and

skructures
NN %

. | S ’
g RN T

&N : 2 e
R N f M ECT* - Trento
oo0 '»-»." S . -

07.23.2019




One flavor
Chiral symmetbry <> §y5B <—> Light pions

Wilson fermions
Ginsparg-Wilson fermions
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One flavor
mi(z)Y(z) = myp(z)e* e * () = mp(z)e”** > ¢(z)

Not tivariant
Chiral symmetry —> Left- and Right-handed
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Several flavors

N; flavors mi = M,
: - - M2 = Mg
¢1 (.CIZ) mi o
Aei M = e
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Sl DAl 4 / 2 (<) [, Do M aplie
SU(N¢) Not to be confused with SU(N,)

Y(z) = " () (1) {wx) — ey(x)

SU(Nf)V : {w(x) e @(x)e—iaaAa @(CC) ok %(m)e_m

Sr is variant for M =0 and M = diag(m,--- ,m)



Several flavors

P(z) = ' () e {w(x) 7 e
P(z) = P(z)e >N i P(x) — P(x)e @

Sr is Uavariant for M =0 and M = diag(m,--- ,m)
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Chiral symmetry breaking

M = diag(m,--- ,m) Explicit breaking
SU(Ny¢)L x SU(Ng)r x U(1)y SU(Ny)v x U(D)y
M = diag(my, - ,mn;) Ul )y < ox LY

N ¢ f:arctors

mys Mg oo NeV aam . ~ 100 ey mp ~ 1 GeV Aqcep ~ 300 MeV
Ni=ti rood Ne =0 Good?

If my=mg=0 SUQRLxSUQRrxUly Good symmetry
my =~ 940 MeV
HUNSE - ma+ =~ 1535 MeV
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Spontaneous chiral symmetry breaking

Spin systems —> action tavariant | ground state is not

((x)h(x)) Not invariant in the chiral Limit
i by G ) =0 Jim, i () £

Goldstone theorem G —H = N = Ng — Ny massless particles

SU((2)L x SUQ2)r — SU(2)y = 3  Goldstone bosons (3 pions)

» Pions are not massless because

@ Chiral symmetry is useful if Af 7£ () is small

my < Aqop ~ 250 MeV (mq ~ 4 MeV)

Mz< A, =4nF, < [20E (M, ~ 140 MeV)




