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Towards the Yukawa sector of the Standard Model

Overall goal: test if Landau poles of SM can be cured with ASQG
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Towards the Yukawa sector of the Standard Model

Overall goal: test if Landau poles of SM can be cured with ASQG

Single Yukawa coupling y:

/By = _fy gN Y+ #SM ?/3 + O(y4)

SM+AS
gravity (II)

SM

S —8~

=const. >0, fork > Mp AN A < Agit ’
9N fy 5 ; T i <—é§£+AS gravity (I)
y

~ 0, fork < Mp

[Oda, Yamada; 2015], [Eichhorn, Held, Pawlowski; 2016],
[Eichhorn, Held; 2017]
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Towards the Yukawa sector of the Standard Model

Overall goal: test if Landau poles of SM can be cured with ASQG

Single Yukawa coupling y:

/By = _fy gN Y+ #SM ?/3 + O(y4)

SM+AS
gravity (II)
By ¥
SM .
. 2 4 0 r o
=const. >0, fork > Mp AN A < Agit -
T > GNLHAS gravity (I
gN fy , +AS gravity (I)
0 Y
~ 0, fork < Mp
[Oda, Yamada; 2015], [Eichhorn, Held, Pawlowski; 2016],

[Eichhorn, Held; 2017]

UV completion of the simple Yukawa system: constraints on gravitational dynamics

Additionally: top mass might be retro-dicted [Eichhor, Held, 2017]
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Simple Yukawa system: state of the art (LO)

® Simplest approximation:
Acrit ~ —3.3

-6 -5 -4 -3 -2 -1 0
[Eichhorn, Held; 2017] N
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Simple Yukawa system: state of the art (LO)

® Simplest approximation:
Aerit = —3.3

® Simple Yukawa system: f, . <0
= vanishing Yukawa coupling

G
MW Ao o

e

[Eichhorn, Held; 2017]
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Simple Yukawa system: state of the art (LO)

® Simplest approximation:
Aerit = —3.3

® Simple Yukawa system: f, . <0
= vanishing Yukawa coupling

® Simple Yukawa system
+ SM matter: f, . >0
yfé@&f}”éi?ﬂ?gﬁ ' = finite Yukawa coupling

+ retrOdiCtion [Eichhorn, Held; 2017]
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Simple Yukawa system: state of the art (LO)

® Simplest approximation:
Aerit = —3.3

® Simple Yukawa system: f, . <0
= vanishing Yukawa coupling

® Simple Yukawa system
+ SM matter: f, . >0
yfé@&f}”éi?ﬂ?gﬁ ' = finite Yukawa coupling

+ retrOdiCtion [Eichhorn, Held; 2017]

® But: SM fixed point:

large anomalous dimensions

[Eichhorn, Held; 2017]
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Simple Yukawa system: state of the art (LO)

® Simplest approximation:
Acm’t ~ —3.3

® Simple Yukawa system: f, . <0

= vanishing Yukawa coupling
LO
X FP Ny=Ny=1 | ® Simple Yukawa system

ks o + SM matter: f, . >0

X = finite Yukawa coupling

| + retrodiction [Eichhorn, Held; 2017]
+ ® But: SM fixed point:

1 05 0 large anomalous dimensions

® Different scheme:
(fluctuation computations)
fyx <0

see, e.g., [Christiansen et al.; 2019]

Marc Schiffer, Radboud University Nijmegen



Possible ways out?

- LO
X FP Ny =Ny =1
+ FP SM

1. FP shifts when including higher-order operators
see e.g. [Eichhorn, MS; 2022], [Pawlowski, Reichert; 2023] for reviews

see also [Pastor-Gutierrez, Pawlowski, Reichert; 2023] for alternative resolution
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Possible ways out?

- LO
X FP Ny =Ny =1
+ FP SM

1. FP shifts when including higher-order operators
see e.g. [Eichhorn, MS; 2022], [Pawlowski, Reichert; 2023] for reviews

see also [Pastor-Gutierrez, Pawlowski, Reichert; 2023] for alternative resolution

2. Region of relevance shifts when including higher-order operators
» more precisely, need ©, > 0, for yr > 0

0B,,
O = —eig (M;;) , with M;; = ( §9a>
9i ) |geg-
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Contributions beyond LO

0By,
@] = —eig (MLJ) s with MZJ = < aﬁgg]>

g=g"

* At LO: ©, = fygn;
® NLO: g% contributions to ©,;
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Contributions beyond LO

0By,
@] = —eig (MLJ) s with MZJ = < aﬁgg]>

g=g"

* At LO: ©, = fygn;
® NLO: g% contributions to ©,;

® Possible sources:

» direct contributions to Mi;
- contribution ~ ¥ ging to By with ging,« # 0
» off-diagonal contributions in M;; - contribution to 3, can be independent of y itself
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Direct contributions: induced operators

By = <fy 9N ) y+#sm y°+O0(yh)

® Example: Chiral fermion
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Direct contributions: induced operators

By = <fy 9N ) y+#sm y°+O0(yh)

® Example: Chiral fermion

» From kinetic term:

rkm / d*zy/g (V)
><~>©<

= /d“w ()’
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Direct contributions: induced operators

By = <fy 9N ) y+ #sm v +0(y")
e Example: Chiral fermion ® Schematically:
» From kinetic term: By, = Colgn) + Ci <9N) A+ C )\%

rkm / d*zy/g (V)
><~>©<

= /d“w ()’

® Interacting fixed point: Aj « ~ g%
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Direct contributions: induced operators

By = <—fy 9N + #1 gselt, « (9N) + #2 N Gn—m, *(9N)> Y+ #sMm y3+0(y4)

e Example: Chiral fermion 1) ® Schematically:

» From kinetic term: B, = Colgn) + C1lgn) A + Co A2

kin _ [ 14 -
T = /d Vg (VDY) ® Interacting fixed point: A\j . ~ g%

% @ ® In general:
_> - . -
two kinds of such contributions
l Gself, x« ™~ 912\1, gn—m,x ™~ gN

]_'\iknt _ Al k—Q /d4x\/§ (12}7#/(/))2
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Direct contributions: induced operators

By = <—fy 9N + Find 91%1) y+ #sm > +O(yh)

e Example: Chiral fermion ® Schematically:
» From kinetic term: By, = Colgn) + Cr(gx) M + Co )\%
in _ [ q4 -
T = /d Vg (VDY) ® Interacting fixed point: A\j . ~ g%

2
Gself,«+ ™~ gN+» Gn—m, x ™~ gN

% @ R
J—
two kinds of such contributions

pint ), p2 /d4x\/§ (7,0)>  ® gina does not induce y
= Bg;nq do not contribute

to @y via Mij
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Off-diagonal contributions

e Consider new coupling gy, such that

M- —fy 9N + #ind 95 #1 9N _
#2 9N dimy, + #3 9N
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Off-diagonal contributions

e Consider new coupling gy, such that

M- —fy 9N + #ind 95 #1 9N _
#2 9N dimy, + #3 9N

® This yields
#1 #2
dimy,,

Oy = fy 9N + 98 < - #ind) + O(gR)
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Off-diagonal contributions

e Consider new coupling gy, such that

M= —fy 9N + F#ind 95 #1 9N
#2 9N dimy, + #3 9N
® This yields

#1 #2
@y:fygN “"gﬁl <diin

_ #md) O

ho
® In general: any coupling g; with M, ; ~ gn and M;, ~ gn:
contributes to ©,, at order g
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Off-diagonal contributions

Consider new coupling gy, such that

M- —fy 9N + #ind 95 #1 9N _
#2 9N dimy, + #3 9N

This yields
#1 #2
dimy,,

In general: any coupling g; with M, ; ~ gx and M;, ~ gn:

Oy = fy 9N + gR < — #md) +O(gy)

contributes to ©,, at order g

Includes operators with gy = 0!
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Simple Yukawa system: Summary of NLO Operators

® contributions to M4

® contributions to 3, with g. # 0
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Simple Yukawa system: Summary of NLO Operators

® contributions to M4

® contributions to 3, with g. # 0

Vertex Operator Coupl. | Dim.
" RWWY“Duw ORic 6
"V T RODY | o | 6
h ¢2 Rl“/ aﬂ¢aV¢ pRiC 6
w?” [TRO,60°6 | pn | 6
AV (%ZWMZ)) ‘ Av 6
(Wy) (Vyu759)° AA 6
PP | 0,09 90Dy | x12 | 8
0" | @ | K | B

see [Eichhorn, MS; 2022] for references

contribute via 7; only = neglect
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Simple Yukawa system: Summary of NLO Operators

¢ contributions to My, ® contributions to Mj;
® contributions to 3, with g. # 0 ® contributions to 3, with g; . =0
_ ® if By D g; and By D y:
Vertex Operator Coupl. | Dim. non-vanishing contribution to ©,
h 1]”# Ruyw’)/,uDuw ORic 6
m Ry Dy OR 6
h ¢2 RM au¢aV¢ PRic 6
O | TR300"6 | pr | 6
(%ZWW)Z Av 6
(Vyy59)* | Aa 6
(0,,00" })? Ko 8

see [Eichhorn, MS; 2022] for references

contribute via 7; only = neglect
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Simple Yukawa system: Summary of NLO Operators

¢ contributions to My, ® contributions to Mj;
® contributions to 3, with g. # 0 ® contributions to 3, with g; . =0
_ ® if By D g; and By D y:
Vertex Operator Coupl. | Dim. non-vanishing contribution to ©,
Bt Ruyw’)/,uDuw ORic 6
wV T RPY | o | 6
B RMY 0,,¢0, ¢ PRic 6 Vertex Operator | Coupl | Dim.
v RO,00"$ /R 6 S Oy you. | 6
) B R S I N G000 | yns | 6
(w’Y/JWH(/J)Z AA 6 h;tu¢ww R dﬂ/ﬂ/f YR 6
G2 | 0,000 0Py | x12 | 8 2 7 R*oyp | yge 8
1 o L 1 / h
o (0,00"9)” | Ky 8 w12 000 | yer | 8
see [Eichhorn, MS; 2022] for references

contribute via 7; only = neglect
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Simple Yukawa system: Summary of NLO Operators

® contributions to M, ® contributions to Mj;

® contributions to 3, with g. # 0 ® contributions to 3, with g; . =0

® if By D g; and By D y:

Vertex prerator Coupl. | Dim. non-vanishing contribution to ©,
h 1]”# R w7;LDuw ORic 6
w Ry Dy R 6
B RMY 0,,¢0, ¢ PRic 6 Vertex Operator | Coupl | Dim.
v RO,00"$ /R 6 S Oy you. | 6
(P)? (1/)%77[))22 Av 6 oyply Yyo,2 6
(Y1759 Aa 6 hywopp | Ry YR 6
) | 0,006 0D | xi2 | 8 2 o0 | ooy | yre | 8
1 o L 1 / h
o (0,00"9)” | Ky 8 w12 000 | yer | 8
see [Eichhorn, MS; 2022] for references

contribute via 7; only = neglect

Induced operators shift FP, but admit lower-triangular stability sub-matrix
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Simple Yukawa system: Summary of NLO Operators

® contributions to My ® contributions to Mj;

® contributions to 3, with g. # 0 ® contributions to 3, with g; . =0
® if By D g; and By D y:

Vertex prerator Coupl. | Dim. non-vanishing contribution to ©,
h 1]”# RH w7;LDuw ORic 6
w Ry Dy R 6
B RMY 0,,¢0, ¢ PRic 6 Vertex Operator | Coupl | Dim.
v R@uqﬁ&“qu PR 6 S Oy Yo, 6
oy @ [ w6 G000 | yns | 6
(Vyus)? Aa 6 hw b | R YR 6
G0 | 0,600 | X1z | 8 2 7 R*oyp | yge 8
1 v L 7 / h
Pt (0,60"$)? Ko 8 VY Crivpe PV | ye2 8

see [Eichhorn, MS; 2022] for references

contribute via 7; only = neglect

Induced operators shift FP, but admit lower-triangular stability sub-matrix
Modulo momentum-dependences: No further 912\1 contribution to ©,
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Non-minimal gravity-matter system: fixed points

® Solve EH + induced couplings

(bilocal anomalous dimensions and non-minimal couplings)
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Non-minimal gravity-matter system: fixed points

® Solve EH + induced couplings

(bilocal anomalous dimensions and non-minimal couplings)

® Minimal matter (Ny = Ny, = 1)
(9N A, PRics PRy ORics ORs Ay A)* = (0.65,0.19, —0.13, 0.50, —0.058, 0.42, —0.63, 0.63) .

0; = (1.43 +5.26i, —3.15, —3.19, —4.17, —4.61 + 0.324, —4.86) .

(1 (K2), 11.(0), m6(K2), 1 (0), ms (K2), 1 (0))* = (0.229, 1.42,0.588, —0.226,0.988, 0.0819) .
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Non-minimal gravity-matter system: fixed points

® Solve EH + induced couplings

(bilocal anomalous dimensions and non-minimal couplings)

® Minimal matter (Ny = Ny, = 1)
(9N A, PRics PRy ORics ORs Ay A)* = (0.65,0.19, —0.13, 0.50, —0.058, 0.42, —0.63, 0.63) .

0; = (1.43 +5.26i, —3.15, —3.19, —4.17, —4.61 + 0.324, —4.86) .

(1 (K2), 11.(0), m6(K2), 1 (0), ms (K2), 1 (0))* = (0.229, 1.42,0.588, —0.226,0.988, 0.0819) .

¢ SM matter
(9N, A\, PRics PR, ORics ORs A4, A— )" = (0.14,0.24, —0.18,0.36, —0.069, 0.26, —0.099, 0.099) .

0; = (1.69 £+ 6.53i, —1.49, —1.64 + 0.404i, —2.07, —2.16, —2.23) .

(nn(K2), 11.(0), ms (k) 1 (0), (k) 1 (0))* = (0.45,1.07,0.12, —0.046, 0.17, —0.090) .

Marc Schiffer, Radboud University Nijmegen 8



Non-minimal gravity-matter system: fixed points

® Solve EH + induced couplings

(bilocal anomalous dimensions and non-minimal couplings)

® Minimal matter (Ny = Ny, = 1)
(9N A, PRics PRy ORics ORs Ay A)* = (0.65,0.19, —0.13, 0.50, —0.058, 0.42, —0.63, 0.63) .

0; = (1.43 +5.26i, —3.15, —3.19, —4.17, —4.61 + 0.324, —4.86) .

(1 (K2), 11.(0), m6(K2), 1 (0), ms (K2), 1 (0))* = (0.229, 1.42,0.588, —0.226,0.988, 0.0819) .

¢ SM matter
(9N, A\, PRics PR, ORics ORs A4, A— )" = (0.14,0.24, —0.18,0.36, —0.069, 0.26, —0.099, 0.099) .

0; = (1.69 £+ 6.53i, —1.49, —1.64 + 0.404i, —2.07, —2.16, —2.23) .

(nn(K2), 11.(0), ms (k) 1 (0), (k) 1 (0))* = (0.45,1.07,0.12, —0.046, 0.17, —0.090) .

® hoth cases: well-behaved extensions of the Reuter FP!
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Critical exponent of the Yukawa

® Plug FP-values into non-induced operators, and compute critical exponents at

*

Y :yR*:yE,lzyE,zz?ﬁp :yéz =0.
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Critical exponent of the Yukawa

® Plug FP-values into non-induced operators, and compute critical exponents at

Y* = yYrx = yE,l = yE,Q = yfp = y}}z =0.
¢ Minimal matter

6y, = (1.95,—1.41,—-1.97,—-3.29, —3.44, —3.83 £ 7.48i) .
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Critical exponent of the Yukawa

® Plug FP-values into non-induced operators, and compute critical exponents at

Y =yrx=1yh1 = yh2 =Yg = Yoo = 0.
¢ Minimal matter
0y, = (1.95,—1.41,—-1.97, —3.29, —3.44, —3.83 4+ 7.48i) .
® SM matter
0,, = (0.55,—1.9, 1.9, —3.4, —3.6 + 7.17) .
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Critical exponent of the Yukawa

® Plug FP-values into non-induced operators, and compute critical exponents at

Y =yrx=1yh1 = yh2 =Yg = Yoo = 0.
¢ Minimal matter
0y, = (1.95,—1.41,—-1.97, —3.29, —3.44, —3.83 4+ 7.48i) .
® SM matter
0,, = (0.55,—1.9, 1.9, —3.4, —3.6 + 7.17) .

0, = —1.50G + G*(—16.7+0.916 + 45.7 —26.4 —2.09 + 1.29 —1.04 + 2. :
e = NN NN N
YR Yo,2 YR2  Yo2  PRic PR ORic OR At

= —1.50G + 4.38G? .
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Critical exponent of the Yukawa

® Plug FP-values into non-induced operators, and compute critical exponents at

Y =yrx=1yh1 = yh2 =Yg = Yoo = 0.
¢ Minimal matter
0y, = (1.95,—1.41,—-1.97, —3.29, —3.44, —3.83 4+ 7.48i) .
® SM matter
0,, = (0.55,—1.9, 1.9, —3.4, —3.6 + 7.17) .

0, = —1.50G + G*(—16.7+0.916 + 45.7 —26.4 —2.09 + 1.29 —1.04 + 2. :
e = NN NN N
YR Yo,2 YR2  Yo2  PRic PR ORic OR At

= —1.50G + 4.38G? .

® both cases: ©1 > 0 is aligned mostly with y
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Critical exponent of the Yukawa

® Plug FP-values into non-induced operators, and compute critical exponents at

Y =YrR* = Y51 =Yoo =Ygz = Yoz = 0.
® Minimal matter
0,, = (1.95,—1.41, —1.97, —3.29, —3.44, —3.83 + 7.48i) .
® SM matter
0,, = (0.55,—1.9, 1.9, —3.4, —3.6 + 7.1i) .
0, = —1.50G + G*(—16.7+0.916 + 45.7 —26.4 —2.09 + 1.29

—1.04 + 2. .
e = NN NN N
YR y0,2 Yr2  Ye2 PRic PR ORic OR At

= —1.50G + 4.38G? .

® both cases: ©1 > 0 is aligned mostly with y

’ UV completion of the simple Yukawa system via NLO operators! ‘
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Yukawa coupling at NLO

LO
X FP Ny=N, =1
+ FP SM

= 9N
ot
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Yukawa coupling at NLO

® Minimal matter

— NLO
X Fixed Point

9N

0.5 |
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Yukawa coupling at NLO

® Minimal matter ® SM matter

— NLO — NLO
X Fixed Point X Fixed Point

9N
9N
1
h
'
i

0.5 | 0.5
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Yukawa coupling at NLO

® Minimal matter ® SM matter
1.5 _ NLO
L X Fixed Point
l -
2
2 5. [T7----_
< o5 , 0.5
0 o ‘ ‘
0.1 0.15 0.2 0.25 0.05 0.1 N 0.15 0.2 0.25

® NLO contributions to stability matrix: generate new regime where ©, > 0

® Fixed point lies inside that new regime!

10
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Yukawa coupling at NLO

® SM matter

— NLO
X Fixed Point

Minimal matter

— NLO
X Fixed Point

z 4 -
& S Tl
0.5 0.5 -
0 | 0 | |
0.05 0.1 N 0.15 0.2 0.25 0.05 0.1 N 0.15 0.2 0.25
® NLO contributions to stability matrix: generate new regime where ©, > 0
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Fixed point lies inside that new regime!

LO: ©, < 0, NLO: ©, > 0; What about NNLO (i.e., g3-contributions)?




Estimating NNLO effects ('error bars’)

e previously observed: R ¢y, R? ¢ty and C? ¢4n) dominate
e estimate effect of R3 ¢ 1)1)-type operator
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Estimating NNLO effects ('error bars’)

e previously observed: R ¢4, R? ¢ 1ptp and C? p4n) dominate
e estimate effect of R? ¢ 1i)-type operator

Mnrol, =

(15 gN
3.09n
—27gn
124 gn
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Estimating NNLO effects ('error bars’)

e previously observed: R ¢4, R? ¢ 1ptp and C? p4n) dominate
e estimate effect of R? ¢ 1i)-type operator

® Exploit freedom to rescale (and rotateR? 1)) and C? ¢ 1)) to 'homogenize' M

Mnrol, =

(15 gN
3.09n
—27gn
124 gn
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Estimating NNLO effects ('error bars’)

e previously observed: R ¢, R? ¢1ptp and C? ¢4n) dominate
® estimate effect of R3 ¢ 1)1)-type operator
® Exploit freedom to rescale (and rotateR? ¢ 1)) and C? ¢ 1)) to 'homogenize' M

1.5gn —2.1¢gn 3.8 9N —16 gn 10.2 gn
—0.86gn 2 —0.62¢9N —1.1gn 0 0
Mnro AT —8.9¢gnN 7.2 gN 2 4+ 0.006 gN 8.9 gn —21gn
—13¢gn 10.5 gn —16 gn 4+ 4.7gN —51 gN
L —13gN 1691\1 —17gN 5291\1 4 — 8.4gN_
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Estimating NNLO effects ('error bars’)

Mny~Nro

Marc Schiffer, Radboud University Nijmegen

previously observed: R ¢ ), R% ¢11p and C? ¢p1hy) dominate

estimate effect of R3 ¢ 1)1)-type operator

Exploit freedom to rescale (and rotateR% ¢ 1)1 and C? ¢4n)) to "homogenize' M
Simulate effect of NNLO operator on ©, (pick appropriate range for #;)

[ 1.59n —2.1gx 3.8 9N —16 gn 10.2 g 0
—0.86g8y 2—10.629y —1.1gn 0 0 0
| 894 7298 2400069y 8.9¢n —21 gn #. ON
A —13gn 10.5 gn —16gy  4+47gy  —5lgn . gn
—13¢gn 16 gn —17¢gn 52 gN 4 —8.4¢gN #: 9N
| #r9N #r 9N #r 9N #r 9N #rgn 6+ #r 9N




Results of (N)NLO simulations

® Minimal matter
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N/ 9N
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Results of (N)NLO simulations

® Minimal matter
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Results of (N)NLO simulations

® SM matter
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e O,(MM)=19"%

Marc Schiffer, Radboud University Nijmegen



Results of (N)NLO simulations

® SM matter
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Results of (N)NLO simulations

® SM matter
2 2 ]
‘
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I
I
s 5 1 i
< < w
- T /J‘—_
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0 :
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® (N)NLO simulations: insights into

e O,(MM)=19"L8
y( ) —1.1 robustness

* ©,(SM) =0.6747¢
y(SM) —0.6 ® but: large(ish) error-bars
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® Request: ASQG should remove Landau-poles of SM-couplings
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® Request: ASQG should remove Landau-poles of SM-couplings

® Yukawa sector at LO:
O, <0 =y =0 at all scales! 1

--- LO
X FP Ny=Ny=1
+ FP SM

gN
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® Request: ASQG should remove Landau-poles of SM-couplings

® Yukawa sector at LO:
O, <0 =y =0 at all scales! 1
® At NLO (~ g&):
- induced operators shift My

--- LO
X FP Ny=Ny=1
+ FP SM

gN

- non-induced operators:
shift ©, via off-diagonals
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® Request: ASQG should remove Landau-poles of SM-couplings

® Yukawa sector at LO:
0, < 0=y =0 at all scales!
e At NLO (~ g3):
- induced operators shift My
- non-induced operators:
shift ©, via off-diagonals

® New region of relevance a FP
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® Request: ASQG should remove Landau-poles of SM-couplings

® Yukawa sector at LO:
0, < 0=y =0 at all scales!
e At NLO (~ g3):
- induced operators shift My
- non-induced operators:
shift ©, via off-diagonals

® New region of relevance a FP
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® Request: ASQG should remove Landau-poles of SM-couplings
® Yukawa sector at LO: )
Oy <0 =y =0 at all scales!
o At NLO (~ g2): v
- induced operators shift M o !

- non-induced operators: . | — |

shift ©, via off-diagonals

® New region of relevance a FP CT0T Ol 0% 05 1 13 11 1o is

9N/ 9%

Simulate effect of NNLO operator
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® Request: ASQG should remove Landau-poles of SM-couplings

® Yukawa sector at LO: )

Oy <0 =y =0 at all scales!
e At NLO (~ g3):
- induced operators shift M -

1.5

- non-induced operators:
shift ©, via off-diagonals

® New region of relevance a FP

0 02 04 06 0

® Simulate effect of NNLO operator

® Qutlook:
- apply logic to other SM couplings
- interacting fixed points?
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® Request: ASQG should remove Landau-poles of SM-couplings

® Yukawa sector at LO: )

Oy <0 =y =0 at all scales!
e At NLO (~ g3):
- induced operators shift M -

1.5

- non-induced operators:
shift ©, via off-diagonals

® New region of relevance a FP

0 02 04 06 0

® Simulate effect of NNLO operator

® Qutlook:
- apply logic to other SM couplings
- interacting fixed points?

Thank you for your attention!
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Induced interactions

® Example: Dirac fermion %
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Induced interactions

® Example: Dirac fermion %

» From kinetic term:

Skr =Zy /d‘*x\/@ww
><*>@<

Sint DAy k2 /d‘*wa (Dy8) (F72)
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Induced interactions

40 — g=0

® Example: Dirac fermion 1) 20} 9>0
» From kinetic term: S
Skin = Zy /d49€\/§1/;ww -20¢

| o .
X @ -30 -20 -10 0 10 20
—

® Schematically:

Sint DAy k2 /d‘*wa (Dy8) (F72)

By = Bo(g) + A\v Bi(g) + A} By
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Induced interactions

40 — g=0

® Example: Dirac fermion 1) 20} 9>0
» From kinetic term: S
Skin = Zy /d49€\/§1/;ww -20¢

| o .
X @ -30 -20 -10 0 10 20
—>
Av

Schematically:

Sint DAy k2 /d‘*wa (Dy8) (F72)
Bry = Bo(g) + \v Bi(g) + )3 By

® Forg>0: Ay« #0
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