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RGES from UU counterterms
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t Hoeft's algorithm

Start with LCA Write fit 4 and expand in 4 ice
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Example Renormalization of 44 theory
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Inclusion of Effertive Operators

Higher dimensional operators with two derivatives
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Inclusion of Effertive Operators

In laardinate free notation
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Comparison with the t Hoeft formula
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Alonso Jenkins Manohar 2016
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The Background Field Method at two leeps

Generic two leap diagram
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The two leap counterterms 12121

Dimensional analysis

Dm 1 X CT 2 A A CAM O Amn 1

B O BM 1 BM 2

Ausatz for SL
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Any term can have multiple independent contractions



The two leap counterterms 1 12

AA D Y

AMA D XD YD

AMAM 4 XD TD X Y TT

ANNA 4 XD TD X XY YT

AMNAM 5 XD TD 2D XYD TYD

AMAN DG XD 404 D XTD YYD XXX XY XYY YYY

B 4 XD 402 XX XT TT

BM 5 XD TD XD XYD YTD

Bmr DO XX XD XYD TYD XXX XY XYY YYY

Each corresponds to a Green's function



The two leap counterterms 121

AA D Y

AMA XD YD

AMAM 4 XD TD X XY YT

AMA DG XD TD X XY YT

Annam 5 XD TD XD XYD TTD FIT
AMAN DG XD 404 D XTD YYD XXX XY XYY YYY

B 4 TT
BM XD YD YTD

Bmr DX XX XD XYD TYD XXX XY XYY XYY

E g A k A k YMM O Aff Ajk D 0 Dm preserves symmetry

E g BXD i scaleless power divergent



Result

12 DMA.inDMA.int 2 AynAjethe BineXi he
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Generalization to gi I 8 again from geodesic expansion
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Geometry at two loops
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Application Procedure

1 Reed off g compute Pi and Rine

2 Use our formulas to calculate X A AM B BM BM

3 Plug into 0 raise and lower indices using gi

4 Perform field redefinition and derive RGE



Application The 01N EFT
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Application XPT
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Application SMEFT

We include Lsm
Higgs

and insertions of
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Backup Steps in 2 leap saltulation

Start with first nonvanishing Green's function
Generate diagrams with ggraf

Calculate UV divergences using
7 1

92ma
M P2 2pg wz

atp m g m atp m

Identify divergent subgraphs add terms to 1

Evaluate 1 leap integrals with package

Make sure non local terms cancel using FORM

Map local divergences to DL

Nogueira 7953 Chetyrkin Misiak Muenz 7997

Patel 2015 Vermaseren 2000



Factorizable graphs

Factorizablegraphs only give 72 poles
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does notaffect RGE

But what if additional factorof in numerator



Enumerating Contractions

Possible flaver contractions in CAMAXD
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Flavor contractions in AMAMXY
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Factorizable graphs

Case 1 E generated by an individual loop Rod d 4 2
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Factorizable graphs

Case 2 generated after combining both leaps
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a faitarizable topologies generate poles

But suppose we split
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Now

Lift generates 4 4 a no effort on RGE

Lift generates 4 2 no effect on RGE when
we deviate from MS

Dugan Einstein 1991



Factorizable graphs

Argument generalizes to arbitrary loop order
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E.g t CT finite

1 2 n n n
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with In's the subdivergenic subtracted total divergences of digs
predict subtracted divergences of factorizablegraphs

Factoritable Graphs do not contribute to RGES



Factorizable graphs

Therefore factorizable 1 keep diagrams do not affect RGES

Example 1

Mathalell Vaughn 1985

noeffect affects RGE
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Factorizable graphs

At 3 loops

A
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Non factorizable graphs AA

AA graphs produce the poles which give RGES E.g AMA'xx

Am An am An
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Requires additional 1 leap counterterms
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Mom derivatives

We extend AL to inelude operators with any number

of derivatives as long as is one per field

L E Dan Don

Perturbative treatment gives
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Non factorizable graphs AA

Can find 1L algebraically

A kinda shift again 2 2
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Apply the t Hooft formula again
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148 0 Xi D A k Age4 yl

Determined all 1h this way checked cancellation



Application to CIN model
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Backup Extraction of UV divergences
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