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Direct searches for new physics

ATLAS Heavy Particle Searches* - 95% CL Upper Exclusion Limits

ATLAS Preliminary

Status: March 2022 [Ldt = (3.6 139) fot \5=8, 13 TeV
Model Gy Jetsi ET™ [ram) Limit Reference
T T

@9 ADD Gy +g/q Oepry 1-4f Yes 130 [Wg 2TV -2 210210874

S | ADD non-resonant yy 2y 367 Ms 8.6 TeV n=3HLZNLO 1707.04147

@ AopBH 2j 370 | Ma 89TeV 170309127

8 ADDEH mujer - 23j - 36 | M 955TeV. 1= 6. Mo = 3TeV. 1ot BH 151202586

£ RST Gex 2y - - 139 | Gacmass a5Tev k[Fp =0, 210213405

B Buk RS Gk — WW/2Z multi-channel 36.1 | G mass 23TeV. 1808.02380

£ BukRS Gk —» WV — tvaq Teq  2i/1J  Yes 139 | Guxmass 20TeV. k[Mpr =10 2004.14636.

& | BukRS g — tt Te 21b2102j Yes 361 | Bocmass 38TV = 1% 1804.10823
2UED/ RPP fen  22b23) Yes 361 | KKmass. 18TeV Tier (1.1), BAM) — t1) = 1 180309678
SSMZ/ 11 2en - - 139 [zrimess 51Tev 190306248

- 7 e 2r - - 861 |Z'mss 242TeV 170907262

< Leptophobic Z’ — bb b 36.1 2 mass. 2.1 TeV 1805.09299
Leptophobic Z” — tt Oep  21b,22J Yes 139 2" mass. 4.1 TeV rim=12% 2005.05138
SSM W — tv e S Yes 138 | Wemass 6.0TeV 05
SSM W 7 T - 139 [ W mass 50TeV ATLAS CONF 2021.025

& | HTW Wz ogmosels ten 2i/1JT Yes 199 | Winass 43Tev w=3 20041463
HVT W’ — WZ — ¢v ('’ model C 3 e u 2] (VBF)  Yes 139 W’ mass 340 GeV' 8ven =181 = ATLAS-CONF-2022-005
ENT Y.~ W macelo 16,220 139 | wrmass 32Tev a3 007,052
LRSM Wy, 19 - 80 [Wmas 50Tev () = 05ToV. £, = g 190412679
Gl aaaq 2 570 |a 218TeV 1, 170309127

— Clttqq 2ep - - 139 A 358 2006.12946

© | Cleebs 2e - 138 [A 18TeV. 210513847
Cluubs 2p - 139 A 20TeV 2105.13847
Gl 21 en Yes 361 |A 257Tev 181102305
Axial-vector med. (Dirac DM) O e, 7.y Yes 139 | 21Tev 210210874

= Pseudo-scalar med. (Dirac DM) O e.pi, 7,y Yes 139 | 376 GeV. 2102.10874

8 Vector med. Z'-2HDM (Dirac DM) 0 e, Yes 139 | mues 31 TeV an, 25 108.133¢
Psoudo-scalar med. 2HDMsa__ multi-channel 139 | Mo 560 GV et et iy ocey | AnagONr 201038
Sca\zv LQ 1% gen 2e 22j Yes 139 LQmass. 1.8 TeV B=1 2006.05872

calar LQ 2" gen 2 H 22 Yes 139 LQmass 1.7 TeV. B=1 2006.05872

o SR L6 3¢ gon T b, Yes 139 fLGimass 12TeV BLQY — br) =1 210607665

S ScalarLQ 3¢ gen oen Yes 139 |LQymass 124Tev (L) 200414060
Scalar LQ 3" gen =2e.p. T 21], - 139 LQj mass. 1.43TeV. B(LQY ~ n) =1 210111582
ScalarLQ 3 gen Conatron 2, Zb Yes 139 | Lod mass 126 TeV. 5(0} - 210112527
Vector LQ 3 gen 1T Yes 133 | L0¥mass 177 TeV. B(LQ er ~ 0.5, VM coupl. 210807665
VLQTT = 2t 4 X 2ezu>3ep 21b.21) ~ 139 [ass SU2) doutlet ATLAS.CONF-2021-024

29 Vioss - Wb mult-channe 361 |Bmass 133 TeV SU@) doutlet 1608.02:

VLQ T3 T3 Tsjs = Wt + X 2(55;’\3:;4 ‘1 b 21j 36.1 Tsj3 mass. X B(Tsj3 = W= 1, ¢(TssWe)= 1 1807111
23w 12 139 | Tmass 18TeV SUE2) single, ATLAS-CONF-2021.040
VLQ Y - Wb e 361 | Ymass 185 TeV By - (=1 81207343
VLGB - Hb Oy = 139 | Bimass 20TeV. SU2) doutir, ATLAS CONF 2021018
g Erclodauark g - ag - 199 [iatimass 67TeV only u* and d*, A = m(g’) 191008447
£ Excitedquark g’ gy 1y 367 | a*mass 53TeV. only u* and d", A = m(q") 1709.10440
SE Exctedquark b — by - 361 | brmass 26Tev 180509269
@ § Excitedlepton (* 3en 203 o0Tev 1a11.2921
| Excitedlepton v demur - - 203 A=16Tev 14112921
Type Ill Seesaw 2! 3 4 en ‘21 Yes 139 NO mass 910 GeV' 2202.02039
2j - 61 |Namas 32TV We) = 4176V, g, = 1809.11105
W 23 4 e, ll (551 various  Yes 139 H* mass 350 GeV DY production 210111961
5 234 e = 139 MeEmass 108Tev DY production ATLAS GONF 2022010
= Sewr - - 203 O production B(H;* — e 11 2901
o ehatoed parilos B - o1 | mucnaedpaicemass 122Tev O producton, i — 5e 181203673
Magnelic monopoles. - - 344 | monopo 237Tev O production, g — 150, 591 1/2 1905.10130
Vs=13TeV  y5=13TeV. A T 1
ial d: )~
partial data full data 10 1 10 mass scale [TeV]
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Direct searches for new physics

ATLAS Heavy Particle Searches* - 95% CL Upper Exclusion Limits ATLAS Preliminary

us: March 2022 . .
Status: March 2022 [£dt = (36 - 139) fo* VE=8,13TeV
Model Gy Jetsi ET™ [ram] Limit Reference
T T
@ ADD Gk +8/q Oeqry 1-4] Yes 139 | 2102.10874
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TE Camamrtn RO O Zomev it
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SM effective field theory

High-energy BSM physics manifests as contact interactions in the SMEFT

e UV Physics

C
X ESMEFT = ESM + Z Z %Od,k
d=5 k

L L

=9
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SM effective field theory

High-energy BSM physics manifests as contact interactions in the SMEFT

e UV Physics

C
ESMEFT = ESM + Z Z %Od,k

d=5 k

m Bottom-—up:

(L

— EFTs allow for a model-comprehensive
("model-independent”) analysis of deviations from the SM,
quantifying possible deviations as an expansion in £/A

=9
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SM effective field theory

High-energy BSM physics manifests as contact interactions in the SMEFT

UV Physics
/ J

C
ESMEFT = ESM + Z Z %Od,k
d=5 k

m Bottom-—up:

(L

— EFTs allow for a model-comprehensive
(“model-independent™) analysis of deviations from the SM,
quantifying possible deviations as an expansion in £/A

m Top—down:

Precision calculations necessitates the use of EFTs to separate
the large BSM energy scales

=9

— Many BSM models results in the same EFT, ensuring that
computation are reusable: you only need to compute once in
the EFT

N
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SMEFT as a double expansion

Lsuerr(¢) = Lsu(¢) + Z Z Z (167 2)[ /\d 4 Efe,l(‘m
=0 H_/

double expansion

L
OOPJ\?) x 10° ops 4 x 10" ops 2 x 10° ops
ord.
2
1
0
L . \
t t ?
8 10 EFT ord.
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The importance of RG running

The dimension-six operators change with the renormalization scale:
dé;
dinu

=€

7i; is non-diagonal (operator mixing): leading effects, not only precision
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The importance of RG running

The dimension-six operators change with the renormalization scale:
dé;
dinu

=€

7i; is non-diagonal (operator mixing): leading effects, not only precision

Hard to access at LHC Constrained by LEP
33 ()
CHu CHD
Z/W/h couplings to tg EWPO: Amw, A, ...
1
C33 <
ICHul (3TeV)?
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EFT workflow

EJ\

\
new ™ | Np

x|

Matching

B

SMEFT |©

obse™ ab\es

- Matching

:

R

+ LEFT J
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EFT workflow

EJ\
New mode\ NP |z Current status:
m Automated RG flow @ 1-loop
I Matchi"gi m Automated UV matching @ 1-loop
m Automated SMEFT likelihoods
o m Calculation of observables @ 1-loop order
SMEFT |©
O‘oser\lab\es m Calculation of LEFT B-functions @ 2-loop
T Matching order
i m New: calculation of SMEFT B-functions
- @ 2-loop order
+ LEFT |©
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EFT workflow

Ea Why we should go beyond one-loop order:
m Restoration of scheme invariance
New mode NP |z m New effects at 2-loop order
EE Matching
" Owwiw &
- Das E I [210 1]
\ SMEFT |© m Surprisingly large 2-loop effects
ab\es
Qbse™
T Matching - M T
1 Jg \rdu, Davidson [2103.07212]; Allwicher et al. [2302.11584]
+ LEFT m We (might) learn something new about QFT
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Functional master formula

An application of functional methods at multi-loop order

Born, Fuentes-Martin, Kvedaraité, Moreno-Sanchez, Palavri¢, AET [2311.13630], [2412.12270], [2412.12270

e 1 5«30 A-143-1 1 5« 3(00 A-1 A-1 A-1 3(0
657 = SKR'T[V(, 0] 0., | - (s KR T[Vk0;) 050 0 Vi |
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Functional master formula

An application of functional methods at multi-loop order
AET

a2 1 =[50 A-1A-1 1 5[ 3000 A-1 A-1 A-1 300
65@ = gKR T[V/(J;)q Q QKL] - EKR T[V/(JE(Q/L QJMQKNVEI&IN]

Master recipe:
i) Construct gauge-invariant graphs w/ full background field dependence
i) Expand in the hard loop-momentum region

iii) Subtract subdivergences w/ a local version of R*-operation

)
iv) Evaluate tadpole loop diagrams
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vs-ambiguities and the limits of NDR
NDR assumptions: (d =4 —2¢)
(Y ¥} =20, {W.¥}=0 B =1
TV ¥oYo¥s] —> —4iEpvpo.

Reading point ambiguity /loss of cyclicity (for ys-odd traces):
Tr VoMV YoYoY*¥s ] = 4(4%2€) i€ oo é
= Tr[ Y Vo Vu Vo Vo Vo V5] = 4(452€) iEpvpo
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vs-ambiguities and the limits of NDR

NDR assumptions: (d =4 —2¢)
o W} =200, {W.}=0, =1
TV ¥oYo¥s] —> —4iEpvpo.
Reading point ambiguity /loss of cyclicity (for ys-odd traces):
Tr[YaVu Yo Yo Yo Y Y5 | = 4(442€) i€ uupo
= Tr[ Y Vo Vu Vo Vo Vo V5] = 4(452€) iEpvpo é

Operator class I Problematic diagrams ‘ Affected B-functions
Reading point at the dimension-six vertex
Scalar 4 — —
Vector * — —
Y2H?D — —
P2 H3 1 CP-odd X2H?
W2XH 11 Y2 XH, CP-odd X?H?, and CP-odd X3
Averaging over vertex reading points
Scalar * 1 CP-odd X2H?
Y2 XH 1 Y2 XH
H?X? 1 P2 H?
X3 and H*D? — —
Weinberg operator — —_
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Example: how some ambiguities can resolved

The reading-point for almost all four-fermion operators can be
verified through Fierzing to another operator basis

(evue) (dd) (e7d) (dvue)
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Example: how some ambiguities can resolved

The reading-point for almost all four-fermion operators can be
verified through Fierzing to another operator basis

(Byue) (dud) (8vud)(dyue)

Fierzing tensor-current operators involves an ambiguous evanescent contribution
causing the trick to fail: ‘'we abandon the Warsaw basis

Anders Eller Thomsen (U. Bern) 2-loop SMEFT RGEs La Thuile 2026 8


https://arxiv.org/abs/hep-ph/9211304
https://arxiv.org/abs/2501.08384

The “Mainz” basis

(LL)(RR) (RR)(RR)

oFst | (2P, ) (e et) omt | (uen) (e et)

oprst (€73 ) (@° v+ o) onst (@Pyuum) (@ y* ub)

OFst | (8P 5, r) (d° 4+ dY) ot (P d7) (d* v+ dt)

o | (@wd) (@7 e) OFT | (& yue) @y ut)
ORP*! | (@ yuq") (85 ) ot | (@yuer) (@ d)
0™ | (@ d) (@' u™) | | O™ | (@) (&1 d)
OMPt | (@ yuq") (&) 07" | (@) (d 7+ d™)
05 ™™ | (@ g™ (@5 d*)

(LR)(RL) and (LR)(LR) (LL)(LL)

OZZ (&7 ) (@ gb) oy (P by (252 2t)
onnt | (@u)eV (g d) ORT* | (@) (@7 d)
O™ | (@i u)e¥ (g5, 4*) oG | (@ v a") (T 6)

Oftme (£ €")e (g5 u') o | (B we) (@ e

O | () (g3 e) O " | (B wutn) (357" a")

Se
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The “Mainz” basis

(LL)(RR) (RR)(RR)
op* | () (@ye) Ou* | (@yue) (@)
opt | @ae)@r) | | omr | @)@
o5 | (PPyutr) (@ d) ot | (@ d) (@ v d)
ot | (@) (Ere) O | (e (@ o)
OR™™ | (@ wa) (@ u') O | (e (d )
QLOPTSt | (P v, g (g oM uet) owrrst | (wPry, ur) (d°A*dh)

Avoiding uncontrolled <y5 traces from tensor currents:

Qéequ -

(Z_,-a#,,e)s’j(c‘]ja“”u)

—  Oguge = (Liu)e” (gje)

(CRJ(RL) and (CR)(LER) CT)(LL)

o | @e@q || opr [ @aeyere
omE | (@ w)e (g d) ORT | (@rud) (@1 a)
0Ll | (@b ur)e (gy; dt) 0P | (@7 d™) (@ 7 6)
O | @) | |0 | @) )
ot | @) | [op | @nenwre)

See also
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The “Mainz” basis

(LL)(RR) (RR)(RR)

oFst | (2P, ) (e et) omt | (uen) (e et)

oprst (€73 ) (@° v+ o) onst (@Pyuum) (@ y* ub)

OFst | (8P 5, r) (d° 4+ dY) ot (P d7) (d* v+ dt)

o | (@wd) (@7 e) OFT | (& yue) @y ut)
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(LR)(RL) and (LR)(LR) (LL)(LL)

OZZ (&7 ) (@ gb) oy (P by (252 2t)
onnt | (@u)eV (g d) ORT* | (@) (@7 d)
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The “Mainz” basis

(LL)(RR) (RR)(RR)
Rt | @wr)(Ere) o | (@we) (@ e)
ot | @uewre) | | ot | @@
o | @ue@rd) || o | @)@
o | @wa)(@re) on" | (@) (@)
ow™ | (@ wd) (u 7 ) 0w | @we) (@ d)
O™ | (@yud”) (@ u™) | | O™ | (@) (@ d')

Simplify group algebra:
(fA)ij(tA)ke _ %5ie6k o 75/ 6k

(LR)(RL) and (LR)(LR) (LL)(LL)
Oy | @) ot | (@)@
OB | (g u)e (g d!) O™ | (@ wd) (@)
O™ | (@i u)e¥ (g5, 4*) O™ | (& v d") (@ v ¢*)
Ok | @)@u) || o™ | @ne)@ata)
Oha | @w)&@e) | [0 | @we)@rd)
See also https://github.com/NewSMEFTBasis/basis-proposal and discussions in the LHC EFT Working Group
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The “Mainz” basis

X3 HAD? and H® $2H3
Ow | gif"KwivwlewS | | On (H'H)? or, (H'H) (EPe" H)
0c | grmecrapecst | o, | wimmuinm) || o | i@
Oy | iKWl w/rw,* | | 0%} | HfHI D, H;D*H o5y (H'H) (@d"H)
Og g3 fABC éﬁlu GE» Gg“
X2H? Y2 XH $2H2D
Ona | GHH)GA™ G, vy | gu(@rorerdmwl, | | oW | i(HiD,H) @)
Oua G(HTH)GAw G4, Oy | gy(Po"e"H)By, 0597 | i(Hr D) ( £r e gim)
Omw | sprmwiews, || O |a@er rwies | | 0F, | (HD,H)Eqre)
Oy | GR(HH)WIw WL, om | gu(@omurt BYWL, || O | i(HIDH) (@ ¢)
Ons g2 (H'H)B* B, o™ | gv(@o™w H)B,, oY i(H;*B,‘Hj) (@ q™)
Ous | SHHBWE, | | 0% | 0@ TATH)GY, | | OF, | i(HIDH) (@)
Onws | gvon(HWH) B WL, | | OF, | gu(@om art )WL, | | O, | i(HIDH)(dydr)
Oyiwp | gvo(H' H)B» W], O | gv(@Po* d"H)By, Oy | i(H'DH) (@~ d")
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The “Mainz” basis

X3 H*D? and H® Y2 H3

ow | dfEwirwlrwEr || ox (18)’ on, | (aE)@Een)

0o | strcapalecs | O | (Mm@t | | oty | () (@ei)

Oy | iKWl w/rw,* | | 0%} | HfHI D, H;D*H o (H'H)(@d H)

Og g3 fABC éﬁlu GE» Gg“

| | | |
Remove derivatives acting on multiple fields

Onc Py e
0,6 | Qun = (H'H)O(H'H)  —  Ofj, = (H'H)(DuH'D*H) o uer)
Onw \—r ; — P Pyt e”)
Oy | GR(HH)WIw WL, om | gu(@omurt BYWL, || O | i(HIDH) (@ ¢)
Ous | GUHH) B B 0% | ov@orwi)B. | o i B @y e
Ous @ (HIH)B* B, o, | gs(@ o™ TACH)GA, or. | i(HIDH) (@)
Onws | gvgr(Ht'H)B* W], Oy | gn(@ o dtt HYW, o, i(HfBM H)(dPy+d)
Oyiwp | gvo(H' H)B» W], Oh. | gy(qPo" d"H)By, ‘ 0% . | i(H'D,H) (@ d)
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The “Mainz” basis

X3 HAD? and H® $2H3
Ow | gif"KwivwlewS | | On (H'H)? or, (H'H) (EPe" H)
0c | grmecrapecst | o, | wimmuinm) || o | i@
Oy | iKWl w/rw,* | | 0%} | HfHI D, H;D*H o5y (H'H) (@d"H)
Og g3 fABC éﬁlu GE» Gg“
X2H? Y2 XH $2H2D
Ona | GHH)GA™ G, vy | gu(@rorerdmwl, | | oW | i(HiD,H) @)
Oua G(HTH)GAw G4, Oy | gy(Po"e"H)By, 0597 | i(Hr D) ( £r e gim)
Omw | sprmwiews, || O |a@er rwies | | 0F, | (HD,H)Eqre)
Oy | GR(HH)WIw WL, om | gu(@omurt BYWL, || O | i(HIDH) (@ ¢)
Ons g2 (H'H)B* B, o™ | gv(@o™w H)B,, oY i(H;*B,‘Hj) (@ q™)
Ous | SHHBWE, | | 0% | 0@ TATH)GY, | | OF, | i(HIDH) (@)
Onws | gvon(HWH) B WL, | | OF, | gu(@om art )WL, | | O, | i(HIDH)(dydr)
Oyiwp | gvo(H' H)B» W], O | gv(@Po* d"H)By, Oy | i(H'DH) (@~ d")
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The “Mainz” basis

X3 HAD? and H® $2H3

Ow | @GS wWlw/ewyit | | ox (HtH)® oy (H'H) (e H)

0c | gsrecapraieasr | [og, | mimwaiom) | | on | (i@

Oy | iKWl w/rw,* | | 0%} | HfHI D, H;D*H o5y (H'H) (@d"H)

Og g3 fABC éﬁu GE» Gg“

X272 | ‘ 262 X F ‘ | a2 H20D

Onc Canonical gauge coupling normalization: o)
Ona Xuw — IxXpuw R
Onw | GHHTW ™ W, U |0 T o ]G, | | Ope | W DLHJ(Er " €")
Oy | GR(HH)WIw WL, om | gu(@omurt BYWL, || O | i(HIDH) (@ ¢)
Onsp g (H'H) B* B Oy | oy (@0 wH)B, ‘ O™ | i(H; D) (¢4 4")
0wz | G3(HIH)B™E,, o | g(@om TATE)GS, | | O, | i(HIDLH) (@)
Onws | gyrar(HWH)B WL, | | O | gp(@ o™ ' H)W], or. | i(HD,H) (@ dr)
Oy | var(HWH)B W), | | 0% | oy @@ M)Bu | | O | i(HIDH) @)
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Fully automated counterterm calculation

L = FreeLag[] + cGt[] Gtilde;
L // NiceForm

- % 6% 4 (D, T6* - D, c6*) + g 6" (T - D, c6?) FYZ+ % Gt GHOY GYPZ G X2 ghvox

ctlag = CountertermLagrangian[L, EFTOrder - 6] // EchoTiming;
ctlag // NiceForm
» Added new CG cgl with indices {SU3c[adj], SU3c[adj], SU3c[adj], SU3c[adj]}
» Added new CG cg2 with indices {SU3c[adj], SU3c[adj], SU3c[adj], SU3c[adj], SU3c[adj]}
13695.1 — Mathematica, single core
_u1 g% 62 51,21 g 62 _3p 1 6t g% GHYX GPOY GORZ FXYZ ghvoK _
4 € 4 € €

21 L et g% GV GPOY GO YE ghvex _ 425 2l
2 e? 24

1 ot g* 6Hvx PO goKz fryz hvex
€

Born, Fuentes-Martin, Kvedaraité, AET [2410.07320]

Result a vith de Vries et al. [1907.04923]
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Computation

Input Lagrangian

13" Y1 121304

Two-loop counterterms
. - <(2)
in 98 basis: 65,P)\,'

One-loop counterterms
. - <(1)
in & basis: 6573>‘f

Physical Evanescent Physical Evanescent
counterterms: counterterms: counterterms: counterterms:
W, o Wy on| T @, i @, i
71(6575>\,o’) E(é(ﬁx,o’) P(&Hﬁx,o') g(éwx,o’)
I
Inserting evanescent oper-
ators into one-loop graphs Physical counterterm Lagrangian
in an off-shell Zp basis:
2
Evanescent shi 51592 )Qa

Anders Eller Thomsen (

Pg-scheme

Field redefinitions to go on-shell Field redefinitions to go on-shell

Finitely-compensated, physical, Finitely-compensated, physical,

on-shell B-functions: 5 on-shell B-functions: B2
Pr Pr

Bern) 2-loop SMEFT RGEs
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Computation

Input Lagrangian

One-loop counterterms Two-loop counterterms

in 584 basis: 800, in 84 basis: 60,

scheme ¥
o

Q\\‘ie’ ’ go

pY

- .'\ Pe-scheme

0

- Ps-scheme

AY

Mo

Ev. couplings
7o =0

v

on-shell B-functions: 5 on-shell B-functions: B
Pr Pr
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Results: pdf

2 1 1 ( 1 3 5
ﬂf«,;;i:{ﬁgmmg(mm 4T = Sy et + {0 - o v - bt i

9 1 1 8 1
* {103 HYI+ Aqu”' + ‘lv( (VXY + 5TaYy + (V¥ IY)™) + 2oba¥y - ggffgiyf'}cﬁs + {gqu, v

i + 29i i 8i 1 . i
+ b (53 ariv)” - vy — L)) - by - Dby - gg%gZY:'}C,m + QOO YE = Lat Oy ¥ET

4 4 9, g 425 3, 2 (3 9 15
+ 3 9iCOneY]" = S giCyaY + {ﬁgﬁyiﬁ’ + g YT = AGRYE — g ((ToYE + (YY) + (VYY)

3i 3i 3i 9 ) 9
— 6g2g3 YY" }c,,w + {éxggydf’" + 03 (G (YIYe)" + TTYY + (VX [Y)™) + Giglad VY - obadyy”

_ 4250 gy

. 2L 6 ) - 50y P 3 2 1 1 b
96 ¢ }(/,,m - Igﬁcwyf’ + —q,( Y4 2g8CeYT — —qfc YI"+ {gwa”’g% - gowa“’g% - gw(yjyd) g

- éf"(m.i)?“}o:; + { Sgvevy %yih“‘”Y;'}CﬁZ Sy {%Tzw(m)’" + gt (Brevy - Rom (v
5 11 5 5 1
g (DY L))+ ) (LX) S Y L) (e - (vmydvm’"}czz

1 . 2
+ O SR EIG)T +Ta Y + g (VY - B 4 Svg () - v ) - v (v - Sy

—ngx;"yfb}—gﬁm Hers (Y*Y)”'+gioxat€‘{1§yp'yﬂ“ Y,;"Yf”}+§af“ 2oV + oY
9 15 27 237 5 601
+{gi(165"’(m’.1)’”“+ g T4 VOV 0 (7] + TP 4 (i + o ()

3495Pﬂ(y*y) %Jﬁaé’bi‘r[)’jyg} - §5P“5*” T [vj,] - E5"’(5;1/1})"“ - EJP“J*”T&[YJKJ ) +g2 (205 e [v}v)

vt vy, ] - ety - X MY viye - ,W(M ") + S (4 S (i) Sy vy

n gépnévb/\Q " gémam T [YJYAYJY“} 5""6"’9?,9 4 6rb(Y VIV YI 4 ;2 gragrigt — :115,”. wivyiv)”
A0 I e swym) + fw(m) ) = Y - St o el
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Results: interactive notebook

ADM columns

Rl version

(only ton vukawa ane gauge couplings
Display only the one-loop running:

Display the ADM column corresponding to Cy6™"

Resut Copy rosult
Cuc™

cn 2 o (128 5 T T TR T v (2 g7 2 T 2 00 T 20" T T W) <16 7]

O [Fou® (320t 02 g T a2 (56 W I ST T )

12 c® (-8 7 TP 5,2 98 T v T 96 77 0 v

I

R eI o

o
By

2 0% e 70 [0 0460 T+ g T 2T T 15T T 30T
23070 6t -2 [ 0 W0 - 22182 T+ T 6 V4 TR T -9 T 332 0)

T ™

B

e

R [ g T T gt v T 16261 V)

16 0 13- 28 08 P9 g - 2 Ve g - 2 T v EX R L T

T o) ¢

P (4070 by 2t o 00 PR x

87 (-2 T Ve T 26 T TN 0 36T VTP N b - BT TSV g 16 T Vol TP g - 2 TSI WY g

TV T gy + 2 .

908 TN, g 120 P N 5 - 120 TV o ) -

B2 o] it -8 T

5 (-8 0 50t g+ 2 0" g+ % 070 g 257 (16T Va4 B T P 20 T v g - 280 T )]
Can'T [ (-5 v T 8 57T g 7 [T g T |

27 126 Y6 T 942 TP ) g7 [T ) YT TG 1 2 v T T ¥, 4T P g T g £ v T T ]|

cee? o

Ca? o

Cup™ 2 01 g+ ™ (-2 022 07 6 g + 2 gt g - 22 7 7 i g + 7 [ 12 TP P i+ 28 TR T g - B T T ]

Cul™T [ 0 0 0 g+ 27 0 (27 17 00 8y 2 et Bt g~ 2 5 0 Bt g+ 8 [ TPV - S T VM g - 2T )|

Cue™ [nauc™ (2T a1 T VAT oy 2TV g - 212y + 2 8 10~ 22 0 g + 3927 VP it VP VP 01 g + 3 TP VP it )] -

5 6™ (-3 T TPV VT YT T VP g - 8 T T Vo3 ¥, 0 = 9 TP VP TV, s - 3T VP TV b+ 5 TP T N b -
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Summary and outlook

m The 2-loop SMEFT RGEs are needed for consistent NLO phenomenology

m B-violating sector results by

m Results can be adapted to the Warsaw basis at the price of an extra ambiguity
m Remaining ambiguities (such as they are) would have to be resolved in the

BMHYV scheme: we hope to integrate the code with a BMHV-scheme
implementation
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Summary and outlook

m The 2-loop SMEFT RGEs are needed for consistent NLO phenomenology

m B-violating sector results by Banik et al. [2510.08682]

m Results can be adapted to the Warsaw basis at the price of an extra ambiguity
m Remaining ambiguities (such as they are) would have to be resolved in the

BMHYV scheme: we hope to integrate the code with a BMHV-scheme
implementation

Thank you!
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