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theory with coupling     :
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Wednesday, 19 November 14



gauge-Yukawa theory

theory with coupling     :

�g = ↵2
g

(
4

3
✏+

✓
25 +

26

3
✏

◆
↵g � 2

✓
11

2
+ ✏

◆2

↵y

)

�y = ↵y

n

(13 + 2✏)↵y � 6↵g

o

.

�h = �(11 + 2✏)↵2
y + 4↵h(↵y + 2↵h)

�v = 12↵2
h + 4↵v (↵v + 4↵h + ↵y) .

gauge

Yukawa

Higgs

Wednesday, 19 November 14



theory with coupling     :

�g = ↵2
g

(
4

3
✏+

✓
25 +

26

3
✏

◆
↵g � 2

✓
11

2
+ ✏

◆2

↵y

)

�y = ↵y

n

(13 + 2✏)↵y � 6↵g

o

.

�h = �(11 + 2✏)↵2
y + 4↵h(↵y + 2↵h)

�v = 12↵2
h + 4↵v (↵v + 4↵h + ↵y) .

gauge-Yukawa theory

Wednesday, 19 November 14



results

theory with coupling     :

bg
sep

by
sep

UVG

0.0 0.2 0.4 0.6 0.8 1.0
0.0

0.1

0.2

0.3

0.4

0.5

ag

gauge

Yukawa

gauge     coupling

UV fixed point 
entirely due to `fluctuations’

Wednesday, 19 November 14



theory with coupling     :

�g = ↵2
g

(
4

3
✏+

✓
25 +

26

3
✏

◆
↵g � 2

✓
11

2
+ ✏

◆2

↵y

)

�y = ↵y

n

(13 + 2✏)↵y � 6↵g

o

.

�h = �(11 + 2✏)↵2
y + 4↵h(↵y + 2↵h)

�v = 12↵2
h + 4↵v (↵v + 4↵h + ↵y) .

gauge-Yukawa theory

exact 
UV fixed point

↵⇤
g = 0.4561 ✏+ 0.7808 ✏2 +O(✏3)

↵⇤
y = 0.2105 ✏+ 0.5082 ✏2 +O(✏3)

↵⇤
h = 0.1998 ✏+ 0.5042 ✏2 +O(✏3) .

↵⇤
h + ↵⇤

v2 < 0 < ↵⇤
h + ↵⇤

v1vacuum stability

Wednesday, 19 November 14



theory with coupling     :

�g = ↵2
g

(
4

3
✏+

✓
25 +

26

3
✏

◆
↵g � 2

✓
11

2
+ ✏

◆2

↵y

)

�y = ↵y

n

(13 + 2✏)↵y � 6↵g

o

.

�h = �(11 + 2✏)↵2
y + 4↵h(↵y + 2↵h)

�v = 12↵2
h + 4↵v (↵v + 4↵h + ↵y) .

sensible interacting UV fixed point

gauge-Yukawa theory

Wednesday, 19 November 14



phase diagram
results
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what can we do with it?
interacting UV fixed points in 4D

exact proof of existence
exact quantum scale invariance
generic
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theory with coupling     :

interacting UV fixed points in 4D

UV-complete extensions of the Standard Model
new handle on 
  hierarchy problem
  feature: scalars are elementary

quantum gravity and the Standard Model
UV fixed point in 4D gravity 
   feature: gravitons are elementary
incorporate gravity into SM

overviews: 
DL 0810.3675 and 1102.4624
recent results: 
Falls, DL, Nikolakopoulos, Rahmede
1410.4815

exact proof of existence
exact quantum scale invariance
generic
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