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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

@ ADD Gk +8/q Oepury 1-4] Yes 139 [W 2TV 12 210210874

S ADD non-resonant yy 2y 367 | Ms 86ToV  n—3HZNO 170704147

@ AopBH 2j 370 | Ma 89TeV 170309127

& | ADDBH mutjol - 28 - 36 | M 955TeV! 6. Mp— 3TeV. ol BH 151202585

£ 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 e 22523 Yes 361 | Kmass 18Tev Tir (1.1), B(A0) - ¢1) = 1 180309678
SSMZ/ 11 2en - - 139 [zrimess 51Tev 190306248

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

2 | Loptophotic 2/ — bb b 361 | 2 mass 21TeV. 180509269
Leptophatic Z' — tt Ocp 210220 Yos 139 |Zmass 41TeV Fm=12% 200505138
SSM W — tv e < Yes 133 |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
HYTW Wz 0 med Se Z1(VRD Yes 153 |Winass 340 Gev vou=1.gi = ATLAS.CONF-2022.005
ENT Y.~ W macelo 16,220 139 | wrmass 32Tev a3 007,052
LRSM Wy, 19 - 80 [Wmas 50TeV () = 05ToV. £, = g 1904.12679
Gl aaaq 2 570 |a 218TeV 1, 170309127

— Clttgq 2ep - - s [a 358 2006.12645

© | Cleebs 2e - 138 [A 18TeV. 210513847
Cluabs 24 - 139 A 20TeV. 210513647
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
SeaarL 1= gon 2¢ 2] Yes 13 [tQmass 18TV p=1 200605672

calar LQ 21 gen 24 2] Yes 139 |LQmass 1.7TeV B=1 200605672

o SR L6 3¢ gon T b, Yes 139 (LGymass 127eV BLQy ~ br) =1 210807665

S ScalarLQ 3¢ gen oen Yes 139 |LQymass 124Tev (L) 200414060
Scalar LQ 3 gen 22e21721) — 139 [LOimess 1.43TeV a0t =1 210111582
Scalar LQ 3 gen Qen>ir 0 2 2% v 150 [i0)mae 126 TeV 3010) 210112527
Veclor LQ 3" gen 1T Yes 139 |L0jmass 177 TeV BL0Y 59 Z05, varcaup 210807665
VLQTT = 2t 4 X 2ezu>3ep 21b.21) ~ 139 [ass SU2) doutlet ATLAS.CONF-2021-024

29 Vioss - Wb mul-channel 361 |Bmass 133 TeV SU@) doutlet 1608.02:

VLG TonTonlTen e X 265)z3cu i 21} 361 | Toismass X B(Tys — W)= 1, e(Tys W)= 1 1807.11

28 W 12 139 | Tmass 18TeV SU@) singo. 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
e Eotednaiq —a = 139 |iqnmass 67TV only o and ", A = m(g’) 1910.08447
£ 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 Il Seesaw 2agen 22l e 1o | 910 Gev 220202089
2j - 61 |Namas 32TV We) = 4176V, g, = 1809.11105
cwe osach (69 varous s o5 e 350 GeV DY production 210111961

5 234 e = 139 MeEmass 108Tev DY production ATLAS GONF 2022010
s Sewr - - 203 O producion, B(H* — (1) 11 2901
o ehatoed parilos B - o1 | mucnaedpaicemass 122Tev O producton, i — 5e 181203673
Magnetic 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

Status: March 2022 [£dt = (3.6-139) fb? V5=8,13TeV
Model Gy Jetsi ET™ [ram] Limit Reference
T T
@I ADD Gix + /g Oepry 1-4i Yes 139 [ Mg 210210874
S | ADD non-resonant yy 2y 367 [ms 170704147
8 Aooosn 5 B [ e
2| ADDEH nutjer - B - 3s M 151202596
£ RSI Gy — 2y - - 19 | Gumas 210213405
B BukRS Gex - WW/ZZ  multichannel 361 [ Gucmass 237eV 180802380
8 | BUKRS Gk > WV >tvag  Tew  20/1J Yes 139 |Gucmass 207eV 1My =10 2004.14836
& | BuKRS goc - tt Teu 2102102 Yes 361 |mocmass 38TeV 180410623
2UED/ RPP ey  22b3] Yes 361 |Kimass 18TeV Tor (1) BAGD ) =1 1803.09678
ssMZ' o 2en - 139 |z 5TeV 190306248
- 7o 2r - - 361 [zmas 242TeV 170907262
2 Loplophobic 2/ — bb b 361 [2/mas 21 TeV 180500299
Leptophobic 2/ — tt Oeu 210220 Yes 139 |2mass aaTev fim=12% 200505138
SSMW oy e S Yes 138 | Wemass 60TeV ose
SSMW — v T Yes 139 | Wimass 507TeV ATLAS-CONF 2021.025
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& AVTW Wz sagmodels tew 201100 Yes 10 |Winas 43TeV w=3 2004.146%6
HYTW Wz 0 med Se Z1(VRD Yes 153 |Winass 340 Gev von=1.5=0 ATLAS-CONF-2022.005
HYT M~ W nocel 21,22 139 [ wemass 327V & =3 007,052
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© | Cleebs 210513847
ew sics looks to be
Cleeee 181102305
Axial-veclor med. (Dirac DM) e 210210074
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Sealar LQ 1¥ gen . s 200605872
Scalar LQ 2" gon 200605872
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S ScalarLa 3¢ gen L 2004.14080
ScalarLQ 3" gen - = 210111582
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Veclor L 3" gen Yes 139 | Lo mass 1777V S(LQY — br) = 0.5, YMcoupl. 210807665
VLQTT - 24X 2eubdep 210.21] — 139 |ess SU(2)doutet ATLAS-CONF-2021-024
2o vigss iz muli-channel 361 [Bmass 134TV SU(2)doubiet 180802
VLQ Toa Tonl Tos — We+ X 208923 eu>1b,21] Yes 361 | Tarsmass. X B(Tys » W)= 1, e(TysWo)= 1 1807.11
£3 w 12t Teu  21533] Yos 138 |Tmass 18TeV SU2) singlt. ATLAS-CONF-2021-040
vLQ Y - Wb Teu >1b>1) Yos 361 |Ymass 185 ToV By - (=1 81207340
VLQ B = Hb Oep 220> ~ 139 |Bimass 20TeV SU2) doube, ATLAS CONF-2021.018
e Eotednaiq —a - 2) - 139 |avmas 67TeV only o and ", A = m(q") 191008447
88 Exciedquarkg' gy 1y 1 367 [ mass 53Tev onlyo" and d". A = m(g") 1709.10440
SE Excited quark b - bg - b1 - 361 |btmass 26Tev 180500299
& Excied leplon ¢* e - 203 oTev 18112021
= Excited lepton v* Bemr - - 203 A=1oTev 14112021
Type Il Seesaw aapen =2 e oo e 910 Gev 20202099
LRSM Majorana » 2] - 361 |Npmass 327V We) =41 oV, g0 = 180911105
Fioos U Hee  Wews 23400 (69 varous s o5 e 350 Gev O production 2101 11961
5 Hgge vt 1 234 eu ( = 139 | e mass 1,08 TeV DY producion ATLAS.GONF-2022.010
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Effective field theory

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

e UV Physics

C
X L:SMEFT = ESM + Z Z %OD,I(
D=5 k

L L

=9
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Effective field theory

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

e UV Physics

C
L:SMEFT = ESM + Z Z %OD,I(

D=5 k

m Bottom-—up:

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

L L

=9
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Effective field theory

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

e UV Physics

C
L:SMEFT = ESM + Z Z %OD,I(

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
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Top—down EFT workflow
EJ\

\
new ™ | np

5y

Matching i

Jenkins,

x enkin:
SMEFT [© ..

Alons

Manohar, Trott
Manohar, Trott

et al. [1312.2014]

‘o\es,, .
O‘oSeNa 1 Matching i Jenkins, Manohar, Stoffer [1709.04486]

Dekens, Stoffer [1908.05295]

A Jenkins, Manohar, Stoffer [1711.05270]
(9]
LEFT
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https://arxiv.org/abs/1308.2627
https://arxiv.org/abs/1310.4838
https://arxiv.org/abs/1312.2014
https://arxiv.org/abs/1709.04486
https://arxiv.org/abs/1908.05295
https://arxiv.org/abs/1711.05270

Top—down EFT workflow

Included in codes
wilson and DsixTools

Aebischer, Kumar, Straub [1804.05033

Cellis ¢

Fuentes-Martin et al

4

EJ\

NP

Matching

1

SMEFT

-+ Matching i

LEFT

5y

Y
(9]

s, Manohar, Trott [1308.2627]
ar, Trott [1310.4838]

[1312.2014]
Jenkins, Manohar, Stoffer [1709.04486]
Dekens, Stoffer [1908.05295]
Jenkins, Manohar, Stoffer [1711.05270]

The repetitive nature of EFT computations call for automated tools!
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https://arxiv.org/abs/1308.2627
https://arxiv.org/abs/1310.4838
https://arxiv.org/abs/1312.2014
https://arxiv.org/abs/1709.04486
https://arxiv.org/abs/1908.05295
https://arxiv.org/abs/1711.05270
https://arxiv.org/abs/1804.05033
https://arxiv.org/abs/1704.04504
https://arxiv.org/abs/2010.16341

Top—down EFT workflow

E4

Included in codes
wilson and DsnxTooIs )

Matching

Jenkin

)|

SMEFT

Jenkins,

Alonso et al

[2112.10787

rtin, Kénig AET

Pages

Manohar, Trott
Manohar, Trott
[1312.2014]

Aebischer, Kumar, Straub [1804.0503 -+ Matching )
N b -+ Jenkins, Manohar, Stoffer [1709.04486]
Cellis [1704.04504 el < 1908 055¢
1 ekens, Stoffe 08.052
Fuentes-Martin et al. [2010.16341 ns, Stoffer [1008.05295]
A Jenkins, Manohar, Stoffer [1711.05270]
9]

LEFT

The repetitive nature of EFT computations call for automated tools!
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https://arxiv.org/abs/1308.2627
https://arxiv.org/abs/1310.4838
https://arxiv.org/abs/1312.2014
https://arxiv.org/abs/1709.04486
https://arxiv.org/abs/1908.05295
https://arxiv.org/abs/1711.05270
https://arxiv.org/abs/1804.05033
https://arxiv.org/abs/1704.04504
https://arxiv.org/abs/2010.16341
https://arxiv.org/abs/2112.10787
https://arxiv.org/abs/2212.04510

Matching weakly coupled theories

Leer should reproduce the physics of Ly, at energies £ < A:

Ea
Matching .
NP g Euv(q)v d)) EEFT(d))
/_\
C_i Matching i

C
- Lerr(®) = La—a(@) +)_ >y ——2 00 ()
SMEFT | o= im0 & LA
double expansion
—+ Matching

RX|

+ LEFT J
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https://arxiv.org/abs/1607.02142
https://arxiv.org/abs/1610.00710
https://arxiv.org/abs/2311.13630

Matching weakly coupled theories

£ Leer should reproduce the physics of Ly, at energies £ < A:
AN

Matching

Lo, 9) Ln(®)

/_\ l @é‘ l(Tree level only)
_z Matching R Q'z’%
id Moy [¢(¢) (17] ~  Teer[d)

NP

RX|

c®
= Lerr(¢) = Lg= 4(¢)+ZZZ 2dek 0% (®)
SMEFT () d=540=0 k @/A_/

double expansion

Matching i Hard-region matching formula

Serld] = T [®, Bl e B, 41 = 0

Py
4+ LEFT ch “hard" denotes the part without any soft loop momenta (it includes all tree-level contributions)

Fuentes-Martin et al. [1607.02142]; Zhang [1610.00710]; Fuentes-Martin, Palavri¢, AET [2311.13630]
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https://arxiv.org/abs/1607.02142
https://arxiv.org/abs/1610.00710
https://arxiv.org/abs/2311.13630

Matching weakly coupled theories

£ Leer should reproduce the physics of Ly, at energies £ < A:
AN

Matching

EUV(q)v d)) . EEFT(d))

é'—il Fo[®(0), 8]

~

NP

RX|

c®
= Lerr(¢) = Lg= 4(¢)+ZZZ 2dek 0% (®)
SMEFT () d=540=0 k @/A_/

double expansion

Matching i Hard-region matching formula

Serld] = To[®, Bl e B, 41 = 0

Py
4+ LEFT ch “hard" denotes the part without any soft loop momenta (it includes all tree-level contributions)

Fuentes-Martin et al. [1607.02142]; Zhang [1610.00710]; Fuentes-Martin, Palavri¢, AET [2311.13630]
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https://arxiv.org/abs/1607.02142
https://arxiv.org/abs/1610.00710
https://arxiv.org/abs/2311.13630

Separation of scales

Mixed (heavy—light) loop example:
hard: k2 > A2
/_N ’
’ 1 -
s (1)
1
v D

soft: k2 <« N?
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Separation of scales

Mixed (heavy—light) loop example:

hard: k2 > A2

/_\‘ ,
’ \\.<,
-

- ’
.

(1)
C SEFT

v D

soft: k2 <« N?

m ) ... long-distance contributions included in 1-loop matrix elements of
tree-level EFT operators
o - W

uv }soft EFT

m [ harg: Short-distance contributions going into the EFT operators
Fuentes-Martin et al. [1607.02142]; Zhang [1610.00710]

(1) — <
I_uv|hard - SEFT
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https://arxiv.org/abs/1607.02142
https://arxiv.org/abs/1610.00710

One-loop functional matching

The functional trace captures all one-loop matching contributions:

.J'\]

A ~
O ol

Master formula from path integral manipulation:

P2 — m? with bkg. fields

S AR - X(x B)]5(x.y)

an(x)an(y)

£y = [/klog A(k+PRYUCx,y) =Y %L[X(X’ k+ P) AT (k + P)]"U(x, y)]

y=x
hard

Evaluation through repeated expansions—no diagrams needed!

Anders Eller Thomsen (U. Bern) Automating matching LHCP24 6


https://arxiv.org/abs/1607.02142
https://arxiv.org/abs/2011.02484
https://arxiv.org/abs/2012.08506

Matchete: a general matching tool

Input

Automated matching

Define (gauge
groups

~

—_— Define fields

l

Define couplings

/

p
Tree-level, unsimplified:
710
Cal

b

Field redefs.

.

/::

. /
A i

Full, unsimplified: . Full, simplified
Lier Simplifications EFT

—

func. derivatives,
CDE, STr

1 simplified:
1
£

AET

Matchete v0.2 is a
Mathematica package

1-loop matching of any
model with heavy

scalars/fermions

Simple and intuitive
input/output

Fully automated
simplification to EFT basis*

Handles all group theory

Matchete is general: it is not restricted to SMEFT nor to dimension 6

Anders Eller Thomsen (U. Bern)
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https://arxiv.org/abs/2212.04510

Example: SM + Vector-like lepton

SM Lagrangian

Infal:= ’ LSM = LoadModel["SH"] |

Define new field

DefineField[EE, Fermion, Charges - {ULY[-1]}, Mass - {Heavy, ME}] |

Inf4]:=
Define new coupling
inis}= | DefineCoupling[yE, EFTOrder -» @, Indices - {Flavor}] |

Write interactions

inlél= | Lint = -yE[p] ~Bar@1l[i, p] «+ PR+ EE[] «H[i] // PlusHc;
Lint // NiceForm

Out[7]//NiceForm=

| ~VEP Ry (EE- P - UP) - yEP H' (T5 - Pr - EE)

Define full UV Lagrangian

In8l:= | LUV = LSM + FreeLag [EE] + Lint;
LUV // NiceForm

0ut[9]//NiceForm=
S i 2 - i GHvA2 _ iww“ +DuHy DHT + 2 Hy H w1 (@D -y, Pr - DLdP) + i (&P -y, Pr-DueP) +
i (EE- v, - D,EE) -ME (EE-EE) +i (T§ - v P - D, U"P) + i (g8 - vu P - D.q*'P) + i (U8 - v, Pg - DuuP) -
%/\F{i Hj HHI - V@' Hy (@0 - P - q®™P) - VeP Hy (@ - PL - UP) - veP" H' (T5 . Pq - ) - VAP HT (g0 - Pg - dF) -

T8 . Py - EE)

YUP" iy (qB - P - u®r) &3 - aPT I (f - P - qP) 4y - YEP By (EE - P - 17P) - yEPHT
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Example: SM 4+ Vector-like

Main matching routine

In[9] :| LEFT = Match [LUV, LoopOrder » 1, EFTOrder » 6] /. e - 0;

Simplification to on-shell basis

Inf10]:= | LEFTOnShell = LEFT // EOMSimplify;
Lengthex
The Lagrangian contains terms of lower power than dimension 4. Defining effective couplings and assuming these terms to

be dimension 4. Use 'PrintEffectiveCouplings' and 'ReplaceEffectiveCouplings' to recover explicit expressions.

Added new CG cgl with indices (Bar([SU2L([fund]], SU2L[adj], Bar [SU2L[fund]]}

out(11)= | 66 I

Select Higgs-lepton current operator

n[12):= | SelectOperatorClass[LEFTOnShell, {e, Baree, H, Bar@eH}, 1] // GreensSimplify // NiceForm |

Oout[12)/NiceForm=

i 1 4 spr s t gotr yosp l s v2 * Pr‘]
i |48gY6 +5YE ‘3yEV§ ve [1¢6Log[ || -2 yes gy 13¢6Log[E”5 J
(-DHs H' (2" -y, P - €®) + Hy D, H' (- v, Pe - eP))

ME?

) PN B
Qll)l/e = (H'iDLH)(&"er)

LHCP24
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Example: SM + Vector-like lepton

LEFTOnShell // NiceForm

eeForm=

1 1
_Lgem 2 DA D, H + ‘c,‘z S PV yEPCa

LrerL
- ZngY’ Lo
SreYiLog

4 UP) 67" + i (% - ¥ P =D, @%'P) 677 43 (05 -, Pr - D, u™P) 677

i
—=
z

HE

1

[2¢,0 - 3me2 J,zmg[%]
| "

JEP |ayEr Vs vers ‘JoLag[i)”—yEp ‘—ZYE'yErLQg FEEE
{ { ME

|| bt <t (@ v Pr 0, 6) 677 45 (€ -3 Pr 0, 0P 677

[re2iog 2]

i (T v Py - D,

1 i )
e [2ert s e e 13 stog| ]| sTE a2 (5T yER ye oyEn v vert 2 yeR ) yeP gt [s 46 Log 2
T80 " er | { wez | e
Hy Hy WD+ yE® yE® awfz [—ACN;oZMEl‘JoZLug S H\H‘ (a5-pu-o*®) +
{ ME? | ME )
1 i 7 =
v Loy L oy (e -ne) o 2tal ]2y [t oot ]|l 10)
| o T e |9 (24 { 8] | <2 |4 | M b
( ., L g & 2 | S varP i r yvaSP u S yaP r yeSP " Al P
e Lyer L faner [ayevers (10 2ol 2] v ver (32 on] 2] || -26yn [averve sy ver [s2on] Z] ||| 35 pe- o)«
L 24 ME? \ e2 ") ME? ME?
( a o ( A
YA nyE yES YA -4+ 3me? [1+2tog| o ||| W (aky -pa- o) +
| 2 hVEY el L | b ]| fagi - P
( n a 2
P Zoaye e v e v 3me? [1e2t0g| ] ||| (a pe - ut) T4
\ ik ME* ME?

1 L1
Yo' . - nyE® yE® Yo 4G,z +3ME” 142 Log| \Hnj {ag - P - q?'P) 24y +
{ 12 L | e
[12xgrt + 5787 {12587 yeP (2% yer vE® + 6 yE? ¥8™t vert -ye ) 725" ve'® [veP* - vt vertvett (1 Log| 2 ||| +yePa [121r 6% [5- 6Log
{ M

[a2er - s5mryergrt [13sop] X ]| casverver

e e 75 vt (1 2vog] 1| ooy o -

F; Hy FicHY I HE o

ME?

2 101 .

TE ye? -3 ve veP* (3 2t0g] ]| || Moo
ME? !

e
2 ME? 720 we?

vervver (a7, 18 vogl Z 11111111 i vt (15

E | ve [oyerves vew . yee

—24ve™Pye™ o

6 'aa [2yemver s ayenve® [s.aLog]

Anders Eller Thomsen (U. Bern)

2o 13- orog £
ve ver

i & o q
o (Lerg s (ool 2ol |mee e b cudll ol o o
180 ue* { uer )
1 1 1 1 1 1
BT yE e LR et D hgl vy yer L m W et L agryer gt L om et
8 ME? 3 ME? 24 ME?
1 1 ( 2 ) e
AT [128v* -57E*yesgv? 13+ 610g © ]| v 5TE |-12 (78 yE® yEt 4 6yEt Vet ve™ - 2yE® 2] + yE*gL* |5+ 6 Log| \Hmﬁ,nl (@ p. - q*P) +
360 ME? ME’ ME’
1 L1 -~ 211 # [ 210
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Example: neutral triple gauge interactions

New physics in Z(y, Z)(vy*, Z*)?

LHC limits from NTGCs
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i
T Uy
v E ,","," l Run2
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H Vg A(GeV)
Diagram and plot from [2402.04306

22 BSM models with dimension-8 SMEFT contributions to NTG analyzed using
Matchete by Cepedello, Esser, Hirsch, and Sanz [2402.04306]
LHCP24
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Matchete: WIP and future plans

——|  Define fields Define couplings

sym. break.

N\
L AN

func. derivatives,
EoM xim, STr
m Handling of evanescent

contribution

Input

m Interface with EFT toolchain

m 1-loop RG calculations

phys. proj.

Rematching ™~ m SSB and heavy vectors
the ev. pieces Full, physs. scheme:

/ Lerr

poles from self-
matching the EFT

Automated matching and running

Standard format output Standard format output

Pages, AET, Wilsch [2212.04510]

Fuentes-Martin, Koni
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Matching and RG calculation is crucial EFT technology
m Matchete is easy to use for matching up to 1-loop order
m EFT tools allow for the exploration of interesting new phenomenology

m New and exciting features underway!

https://gitlab.com/matchete/matchete

\ FIATCHAETE |\
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SM implementation

Gauge Groups

DefineGaugeGroup[SU3c, SUe3, gs, G,
FundAlphabet - CharacterRange["a
AdjAlphabet - CharacterRange ["A",

DefineGaugeGroup[SU2L, SUe2, gL, W,
FundAlphabet - CharacterRange ["
AdjAlphabet - CharacterRange ["I",

DefineGaugeGroup[U1Y, Uel, gY, B]

neny,

L "y,

Generation index

DefineFlavorIndex[Flavor, 3,
IndexAlphabet » ("p", "

, e, Wy

Fermions

DefineField[1, Fermion,
Indices » (SU2Lefund, Flavor},
Charges » (U1Y[-1/2]1},
Chiral - LeftHanded,
Mass - 0]
DefineField[e, Fermion,
Indices » (Flavor},
Charges » {(U1Y[-1]},
Chiral » RightHanded,
Mass - 0]

Higgs

DefineField[q, Fermion,
Indices » {SU3cefund, SU2Lefund, Flavor},
Charges » {U1Y[1/6]},

Chiral » LeftHanded,
Mass - 0]

DefineField[u, Fermion,

Indices » {SU3cefund, Flavor},
Charges » {U1Y[2/3]},

Chiral - RightHanded,

Mass - 0]

DefineField[d, Fermion,

Indices » {SU3cefund, Flavor},
Charges » {U1Y[-1/3]},

Chiral » RightHanded,

Mass - 0]

Anders Eller Thomsen (U. Bern

DefineField[H, Scalar,
Indices » {SU2Lefund},
Charges » {U1Y[1/2]},
Mass - 0]

Couplings

Automating matchi

DefineCoupling[u, SelfConjugate » True, EFTorder » 1]
DefineCoupling[}, SelfConjugate - True, EFTorder - 0]
DefineCoupling[Ye,

Indices » {Flavor, Flavor}]
DefineCoupling[Yu,

Indices » (Flavor, Flavor}]
DefineCoupling[vd,

Indices » {Flavor, Flavor}]

LHCP24




SM implementation

Lagrangian £LSM // NiceForm
LSM = FreeLag[] + 1 1 1 . R
_ T pHY2 _ T guvA2 _ = uvI2 . i, 20 1l
L)% BareH[4] <H[] - 28 26 ST D D H T H
i ap) , i (aP J
ﬂBareHh] H[i] «Bar@H[j] ~H[j] + i (d5-vuPr-D,d®) +i (€ -y, Pr-Dye )_*
i (T8 wuPL-D UP) i (s - vu PL- DL ™M) +
PlusHc[ 1
£ (0 -y Pr - D u™P) - 2y Hy MY KT
-Yu[p, r] «CG[eps@SU2L, {i, j}] <BareHei YdP" Ry (d; P - a1p) Ye®' H; (& . pL-1MP) -
Bareq(a, j, p]l xxula, r] YeP" H' (T2 . Pg- ") — YA H' (gf - Pr- d°) -
-Yd[p, r] «Hei«Bareq[a, i, p] »xd[a, r] YU Hy (a2 - Pr - uT) £ _yaPTHT (@ . P - q%P) =
-Ye[p, r] ~He@i «Barel[i, p] **e[r]
1 // RelabelIndices;

Practical implementations can simply load in the standard definition of the SM.
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