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What was discovered at LHC, a particle

e Discovery of a (Higgs like) J¥ ~ 0" particle in 2012

CMS 35.9fb" (13 TeV)
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What wasn’t discovered at LHC

ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits

ATLAS Preliminary

P |

*Only a selection of the available mass limits on new states or phenomena is shown.
tSmall-radius (large-radius) jets are denoted by the letter j (J).

Michael Trott, NBI

10 Mass scale [TeV]

Status: July 2018 [Ldt=(32-79.8) b Vs=8,13TeV
Model 6,y Jetst ET* [rdii] Limit Reference
T LU ' Ll T Ll Ll L) L ‘ Ll Ll Ll T Ll LB I Ll T Ll Ll
» ADD Gkk +g/q Oe p 1-4]  Yes 36.1 Mp 7.7 TeV n=2 1711.03301
= ADD non-resonant yy 2y - - 36.7 Mg 8.6 TeV n=3HLZNLO 1707.04147
'% ADD QBH - 2j - 37.0 Mu, 89TeV n=6 1703.09217
E ADD BH high ¥ p1 >leu >2j - 3.2 My, 8.2 TeV n=6, Mp =3 TeV, rot BH 1606.02265
15 ADD BH multijet - > 3j - 3.6 My, 9.55TeV n=6, Mp =3TeV, rot BH 1512.02586
g RS1 Gk — yy 2y - - 36.7 | Gk mass 4.1 TeV k/Mp = 0.1 1707.04147
E Bulk RS Gkx —» WW/Z2Z multi-channel 36.1 Gk mass 2.3TeV k/Mp =1.0 CERN-EP-2018-179
w Bulk RS gxk — tt 1eu =1b,21J/2) Yes 36.1 8Kk Mass 3.8 TeV r/m=15% 1804.10823
2UED/ RPP lepu =22b,23] Yes 36.1 KK mass 1.8 TeV Tier (1,1), B(ALY - tt) =1 1803.09678
SSM Z" — (¢ 2epu - - 36.1 Z’ mass 4.5 TeV 1707.02424
(%] SSM Z' - 7 27 - - 36.1 Z’ mass 242 TeV 1709.07242
§ Leptophobic Z’ — bb - 2b - 361 |Z'mass 2.1 TeV 1805.09299
g Leptophobic Z* — tt leu =1b =12 Yes  36.1 Z’ mass 3.0 TeV r/m=1% 1804.10823
® SSM W' — ¢v lepu - Yes 79.8 W’ mass 5.6 TeV ATLAS-CONF-2018-017
g SSM W’ — v 17 . Yes 36.1 W’ mass 3.7TeV 1801.06992
8 HVT V' - WV — qqqq model B O e, u 2J - 79.8 V’ mass 4.15 TeV gv =3 ATLAS-CONF-2018-016
HVT V' - WH/ZH model B multi-channel 36.1 V’ mass 2.93 TeV gy =3 1712.06518
LRSM Wj, — tb multi-channel 36.1 | W mass 3.25 TeV CERN-EP-2018-142
Cl qqqq - 2j - 37.0 A 21.8TeV 7, 1703.09217
Cl ttqq 2e,pu - = 36.1 A 40.0 TeV 7, 1707.02424
Cl tttt >1epu 21b,21] Yes 36.1 A 2.57 TeV |Carl = 4n CERN-EP-2018-174
Axial-vector mediator (Dirac DM) Oepu 1-4j Yes 36.1 Mimed 1.55 TeV 84=0.25, g,=1.0, m(y) = 1 GeV 1711.03301
g Colored scalar mediator (Dirac DM) 0 e,y 1-4j Yes 36.1 T 1.67 TeV g=1.0, m(y) = 1 GeV 1711.03301
VVyy EFT (Dirac DM) Oe,pu 1J,€1]  Yes 3.2 M, 700 GeV m(y) < 150 GeV 1608.02372
Scalar LQ 1% gen 2e >2j - 3.2 LQ mass 1.1 TeV B=1 1605.06035
9 Scalar LQ 2"¢ gen 2u 22j - 3.2 LQ mass 1.05 TeV B=1 1605.06035
Scalar LQ 3" gen 1eu 21b,>3j Yes 203 |LQmass 640 GeV B=0 1508.04735
VLQ TT — Ht/Zt/Wb+ X  multi-channel 36.1 T mass 1.37 TeV SU(2) doublet ATLAS-CONF-2018-XXX
> w VLQBB - Wt/Zb+ X multi-channel 36.1 B mass 1.34 TeV SU(2) doublet ATLAS-CONF-2018-XXX
wE VLQ Ts/3Ts3|Tsz » Wt + X 2(SS)/=3eu>1b,>21] Yes  36.1 Ts/3 mass 1.64 TeV B(Ts3 > W)= 1, c(Ts 3 Wt)=1 CERN-EP-2018-171
5‘:’ g_ VLQY -» Wh+ X 1epu >1b,>21j Yes 3.2 Y mass 1.44 TeV B(Y — Wb)=1, c(YWh)=1/V2 | ATLAS-CONF-2016-072
VLQ B - Hb+ X Oeu,2y >1b,>21j Yes 79.8 B mass 1.21 TeV xkg=0.5 ATLAS-CONF-2018-XXX
VLQ QQ — WqWgq Tewu z4j  Yes 203 |lQiiassEeo0iGE 1509.04261
o Excitedquark g° — qg - 2j - 37.0 q* mass 6.0 TeV only u* and d*, A = m(q") 1703.09127
E E Excited quark ¢° — qy 1y 1j - 36.7 q* mass 5.3 TeV only u* and d*, A = m(q") 1709.10440
S E Excitedquark b — bg - 1b1j - 36.1 | b* mass 2.6 TeV 1805.09299
w j_; Excited lepton ¢* e - - 20.3 = A =3.0TeV 1411.2921
Excited lepton v* 3eurt - - 20.3 A=16TeV 1411.2921
Type Ill Seesaw 1en >2j Yes  79.8 560 GeV ATLAS-CONF-2018-020
LRSM Majorana v 2epu 2j - 20.3 m(Wg) = 2.4 TeV, no mixing 1506.06020
< Higgs triplet H** — ¢ 2,34 e,u(SS) - - 36.1 H** mass 870 GeV DY production 1710.09748
_g Higgs triplet H** — (7 3eurt - - 20.3 DY production, B(H;* — (1) =1 1411.2921
6 Monotop (non-res prod) 1eu 1b Yes 20.3 Anon-res = 0.2 1410.5404
Multi-charged particles - - - 20.3 DY production, |g| = 5e 1504.04188
Magnetic monopoles - - - 7.0 DY production, |g| = 1gp, spin 1/2 1509.08059




What wasn’t discovered at LHC

ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits

ATLAS Preliminary

Status: July 2018 [Ldt=(32-79.8) b Vs=8,13TeV
Model 6,y Jetst ET* [rdii] Limit Reference
T Ll T Ll Ll L) L ‘ Ll Ll Ll T Ll LB I Ll L Ll Ll
ADD Gkk +g/q Oe p 1-4]  Yes 36.1 Mp 7.7 TeV n=2 1711.03301
2 ADD non-resonant yy 2y - - 367 86TeV  n=3HLZNLO 1707.04147
'% ADD QBH - 2j - 37.0 89TeV n=6 1703.09217
E ADD BH high ¥ p1 >leu >2j - 3.2 8.2 TeV n =6, Mp =3 TeV, rot BH 1606.02265
15 ADD BH multijet - >3j - 3.6 9.55TeV n=6, Mp =3TeV, rot BH 1512.02586
© RS1 Gkk — yy 2y - - 36.7 4.1 TeV k/Mp; = 0.1 1707.04147
g Bulk RS Gy —» WW /ZZ multi-channel 36.1 2.3TeV k/Mp; =1.0 CERN-EP-2018-179
w Bulk RS gxk — tt 1eu =1b,21J/2) Yes 36.1 3.8 TeV r/m=15% 1804.10823
2UED/ RPP lepu =22b,23] Yes 36.1 1.8 TeV Tier (1,1), B(A®Y - tt) =1 1803.09678
————
SSM Z’ — (¢ 2epn - - 36.1 4.5 TeV 1707.02424
%) SSM Z' - 77 27 - - 36.1 2.42TeV 1709.07242
§ Leptophobic Z* — bb - 2b - 36.1 2.1 TeV 1805.09299
g Leptophobic Z" — tt 1teu =1b,=1J/2) Yes 36.1 3.0 Tev rm=1% 1804.10823
P SSM W’ — ¢v 1eu - Yes 79.8 5.6 TeV ATLAS-CONF-2018-017
S ssMwW -1 17 - Yes  36.1 3.7 Tev 1801.06992
8 HVT V' - WV — qqqq model B O e, u 2J - 79.8 4.15 TeV gv =3 ATLAS-CONF-2018-016
HVT V' - WH/ZH model B multi-channel 36.1 2.93 TeV gy =3 1712.06518
LRSM Wj, — tb multi-channel 36.1 3.25 TeV CERN-EP-2018-142
- —————
Cl qqqq - 2j - 37.0 21.8TeV n;, 1703.09217
Cl ttqq 2eu - - 36.1 40.0 TeV ., 1707.02424
Cl tttt >1epu 21b,21] Yes 36.1 2.57 TeV |Carl = 4n CERN-EP-2018-174
s Axial-vector mediator (Dirac DM) Oe,pu 1-4j Yes 36.1 1.55 TeV 84=0.25, g,=1.0, m(y) = 1 GeV 1711.03301
Q Colored scalar mediator (Dirac DM) 0 e,y 1-4j Yes 36.1 1.67 TeV g=1.0, m(y) = 1 GeV 1711.03301
VVyy EFT (Dirac DM) Oeu 1J,<1j  Yes 3.2 700 GeV m(y) < 150 GeV 1608.02372
- —————
Scalar LQ 1°t gen 2e >2j - 3.2 1.1 TeV B=1 1605.06035
9 Scalar LQ 2" gen 2u 22j - 3.2 1.05 TeV B=1 1605.06035
Scalar LQ 3" gen 1epu >1b,23] Yes 20.3 B=0 1508.04735
—————
VLQ TT — Ht/Zt/Wb + X multi-channel 36.1 1.37 TeV SU(2) doublet ATLAS-CONF-2018-XXX
g. w VLQBB - Wt/Zb+ X multi-channel 36.1 1.34 TeV SU(2) doublet ATLAS-CONF-2018-XXX
“’E VLQ Ts5/3Ts3|Ts3 = Wt + X 2(SS)/=28eu >1b,21] Yes 36.1 1.64 TeV B(Tsy3 = Wt)=1, c(Ts3Wt)=1 CERN-EP-2018-171
:‘,‘:’ g_ VLQY - Wb+ X lepu 21b21] Yes 3.2 1.44 TeV B(Y — Whb)=1, c(YWb)=1/V2 | ATLAS-CONF-2016-072
VLQ B — Hb + X Oeu,2y =21b,>1j Yes 79.8 1.21 TeV kg=0.5 ATLAS-CONF-2018-XXX
VLQ QQ — WqWgq 1epu >4j Yes 20.3 1509.04261
- - ———
o Excitedquark " — qg - 2j - 37.0 6.0 TeV only u* and d*, A = m(q") 1703.09127
E.g Excited quark g° — qy 1y 1j - 36.7 5.3 TeV only u” and d*, A = m(q") 1709.10440
s; E Excited quark b* — bg - 1b,1j - 36.1 1805.09299
w k) Excited lepton ¢* 3epu - - 20.3 A=3.0TeV 1411.2921
Excited lepton v* 3eurt - - 20.3 A=16TeV 1411.2921
- ———
Type Il Seesaw Tepu >2j Yes 79.8 560 GeV ATLAS-CONF-2018-020
LRSM Majorana v 2e,pu 2j - 20.3 m(Wg) = 2.4 TeV, no mixing 1506.06020
< Higgs triplet H** — ¢ 2,34 e,u(SS) - - 36.1 870 GeV DY production 1710.09748
2 Higgs triplet H** — (7 3eurt - - 20.3 DY production, B(H;* — (1) = 1 1411.2921
6 Monotop (non-res prod) 1epu 1ib Yes 20.3 Anon-res = 0.2 1410.5404
Multi-charged particles - - - 20.3 DY production, || = 5e 1504.04188
Magnetic monopoles - - - 7.0 DY production, |g| = 1gp, spin 1/2 1509.08059

D Masses of EW scale (~ g v ) states

P |

107! 1
*Only a selection of the available mass limits on new states or phenomena is shown.
tSmall-radius (large-radius) jets are denoted by the letter j (J).
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ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits

What wasn’t discovered at LHC

ATLAS Preliminary

Status: July 2018 [L£dt=(32-79.8)fo V5 =8,13TeV
Model 6,y Jetst ET* [rdii] Limit Reference
) T T Ll Ll L) L ‘ T T L) T L) L I ' T T T L)
® ADD Gkk +g/q Oe,u 1-4j Yes 36.1 Mp 7.7 TeV =2 1711.03301
g ADD non-resonant yy 2y - - 36.7 8.6 TeV n = 3 HLZ NLO 1707.04147
‘D ADD QBH - 2j - 37.0 8.9 TeV n==6 1703.09217
S ADDBH high ¥ pr >leyp >2j - 3.2 | 8.2 TeV n=6, Mp =3 TeV, rot BH 1606.02265 These bounds have
£ ADD BH multijet - >3j - 3.6 9.55TeV n =6 Mp =3TeV,rot BH 1512.02586
g RS1 Gkk — vy 2y - - 36.7 4.1 TeV k{Mp; =0.1 1707.04147
£ BukRS Gk > WW/2Z multi-channel 36.1 2.3TeV k/Mp = 1.0 CERN-EP-2018-179 bee n p u S h ed aW ay
W  Bulk RS gk — tt 1eu >1b,>1J2] Yes  36.1 3.8 TeV r/m=15% 1804.10823
2UED/ RPP lepu =22b,23] Yes 36.1 1.8 TeV Tier (1,1), B(A®Y — tt) =1 1803.09678
SSM Z' — (¢ 2e,pu - - 36.1 4.5TeV 1707.02424 fro m
@ SSM Z" — 17 27 - - 36.1 242 TeV 1709.07242
8 Leptophobic Z* — bb - 2b - 36.1 2.1 TeV 1805.09299
-8 Leptophobic Z’ — tt 1e,u =1b,>1J/2] Yes 36.1 3.0 TeV rm=1% 1804.10823 v N m h
© SSM W’ — ¢y lenu - Yes 79.8 5.6 TeV ATLAS-CONF-2018-017
S ssMwW -1 17 - Yes  36.1 3.7 TeV 1801.06992
8 HVT V' - WV — gqqq model B 0 e, u 2J - 79.8 4.15 TeV G =9 ATLAS-CONF-2018-016
HVT V' - WH/ZH model B multi-channel 36.1 2.93 TeV gv =3 1712.06518
LRSM Wy, — tb multi-channel 36.1 3.25 TeV CERN-EP-2018-142
Cl gqqq - 2j - 37.0 21.8TeV 1, 1703.09217
Cl ttqq 2e,u - - 36.1 | 40.0 TeV 1707.02424
Cl tttt >teu 21b21] Yes  36.1 2.57 TeV |Cael = 4n CERN-EP-2018-174
Axial-vector mediator (Dirac DM) Oe,pu 1-4j Yes 36.1 . 1.55 TeV 8¢=0.25, g,=1.0, m(y) = 1 GeV 1711.03301
g Colored scalar mediator (Dirac DM) 0 e, u 1-4j Yes 36.1 | 1.67 TeV g=1.0, m(y) = 1 GeV 1711.03301
VVyy EFT (Dirac DM) Oe,u 1J,£1j)  Yes 3.2 700 GeV m(y) < 150 GeV 1608.02372
o Scalar LQ 1% gen 2e >2j - 3.2 1.1TeV B=1 1605.06035
3 ScalarLQ 2" gen 2u >2j - 3.2 1.05 TeV B=1 1605.06035
Scalar LQ 3" gen e >21b,23j Yes 203 B=0 1508.04735
VLQ TT — Ht/Zt/Wb + X multi-channel 36.1 1.37 TeV SU(2) doublet ATLAS-CONF-2018-XXX
§ w VLQBB - Wt/Zb+ X multi-channel 36.1 1.34 TeV SU(2) doublet ATLAS-CONF-2018-XXX
‘“E VLQ Ts5/3Ts3|Ts3 = Wt + X 2(SS)/=28eu >1b,21] Yes 36.1 1.64 TeV B(Tsi3 = Wt)=1,¢c(TsaWt)=1 CERN-EP-2018-171
i’ g VY - Wh+X leu =21b21j Yes 3.2 1.44 TeV B(Y - Whb)=1, c(YWb)=1/V2 | ATLAS-CONF-2016-072
VLQ B - Hb+ X Oepu,2y =1b,>1j VYes 79.8 1.21 TeV xkg=0.5 ATLAS-CONF-2018-XXX
VLQ QQ — WqWgq 1epu >4j Yes  20.3 1509.04261
o Excitedquark ¢° — qg - 2j - 37.0 | 6.0 TeV only u* and d*, A = m(q") 1703.09127
E g Excited quark ¢° — gy 1y 1j - 36.7 5.3 TeV only u* and d*, A = m(q") 1709.10440
<;; £ Excited quark b — bg - 1b,1j - 36.1 1805.09299
W @ Excited lepton ¢* Sepu - - 20.3 A=30TeV 1411.2921
Excited lepton v* 3eurt - - 20.3 A=1.6TeV 1411.2921
Type Ill Seesaw 1eu > 2j Yes 79.8 560 GeV ATLAS-CONF-2018-020
LRSM Majorana v 2e,pu 2j - 20.3 m(Wg) = 2.4 TeV, no mixing 1506.06020
o Higgstriplet H** — (¢ 234epu(SS) - - 361 R 870 GeV DY production 1710.09748
2 Higgs triplet H** — (7 3eput - - 20.3 DY production, B(H;* — (1) = 1 1411.2921
6 Monotop (non-res prod) 1eu 1b Yes 20.3 Chrme = 7 1410.5404
Multi-charged particles - - - 20.3 DY production, || = 5e 1504.04188
Magnetic monopoles - - - 7.0 DY production, |g| = 1gp, spin 1/2 1509.08059

*Only a selection of the available mass limits on new states or phenomena is shown.

t Small-radius (large-radius) jets are denoted by the letter j (J).
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EFT: Resonance limits to local operators

ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits ATLAS Preliminary

Status: July 2018 [£dt=(3.2-79.8)fb! V5 =8,13TeV
miss s — s e
Model £y Jetst ET™ [Ldiib] Limit Reference
—TT T — T T T r T T T —T
LA
ADD Gkk +g/q Oe,pu 1-4j Yes 36.1 Mp || 7.7 TeV n=2 1711.03301
'é ADD non-resonant yy 2y - - 367 | 86TeV  n=3HLZNLO 1707.04147
‘% ADDQBH - 2j - 37.0 89TeV n=6 1703.09217 OW a ese
§ ADDBH high ¥ pr >lepu >2j - 3.2 8.2 TeV n=6, Mp = 3TeV, rot BH 1606.02265
£  ADD BH multijet - >3j - 3.6 9.55TeV n =6 Mp =3TeV,rot BH 1512.02586
S sty o T e — w0 pounds have been
. p = 0. g
g Bulk RS Gkx —» WW/Z2Z multi-channel 36.1 2.3TeV k/Mp; = 1.0 CERN-EP-2018-179
w Bulk RS gxk — tt 1eu =1b,>1J/2) Yes 36.1 3.8 TeV r/m=15% 1804.10823
2UED/RPP leu =22b23] Yes  36.1 1.8 TeV Tier (1,1), BALY - tt) =1 1803.09678 p u S e away r0| I l
SSM Z’ — (¢ 2epu - - 36.1 4.5 TeV 1707.02424
w SSMZ —rr 27 - - 36.1 2.42 TeV 1709.07242
§ Leptophobic Z’ — bb . 2b - 36.1 2.1 TeV 1805.09299 U
B Leptophobic Z" — tt 1eu =1b,>1J/2] Yes 36.1 3.0 TeV r/m=1% 1804.10823
o SSMW' iy 1eu - Yes  79.8 5.6 Tev ATLAS-CONF-2018-017
S ssMwW v 17 - Yes  36.1 3.7 TeV 1801.06992
8 HVT V' - WV — qqqq model B O e,u 2J - 79.8 4.15 TeV gv=3 ATLAS-CONF-2018-016
HVT V' - WH/ZH model B multi-channel 36.1 2.93 TeV gv =3 1712.06518
LRSM Wy, — tb multi-channel 36.1 3.25 TeV CERN-EP-2018-142
Cl qqqq - 2] - 370 21.8TeV 1, 1703.00217 l | S E th at
Cl ttqq 2epu - - 36.1 40.0 TeV 1707.02424
Cl tttt 2lepy 21b,21) Yes 36.1 2.57 TeV |Cael = 4m CERN-EP-2018-174
s Axial-vector mediator (Dirac DM) Oe,pu 1-4j Yes 36.1 1.55 TeV 8¢=0.25, g,=1.0, m(y) = 1 GeV 1711.03301
Colored scalar mediator (Dirac DM) 0 e,y 1-4j Yes 36.1 1.67 TeV g=1.0, m(y) = 1 GeV 1711.03301
Q S
VVyxyx EFT (Dirac DM) Oepu 1J,£1]  Yes 3.2 700 GeV m(y) < 150 GeV 1608.02372 ’U <
o Scalar LQ 1% gen 2e =>2j - 3.2 1.1 TeV B=1 1605.06035
= Scalar LQ 2" gen 2u >2j - 3.2 1.05 TeV =1 1605.06035
Scalar LQ 3" gen 1epu >1b,23] Yes 20.3 B=0 1508.04735
L] L
VLQ TT — Ht/Zt/Wb+ X multichannel 36.1 1.37 TeV. SU(2) doublet ATLAS-CONF-2018-XXX t m I f /f m
> w VLQBB - Wt/Zb+ X multi-channel 36.1 1.34 TeV SU(2) doublet ATLAS-CONF-2018-XXX O S I p I y O r O re
gE VLQ Ts/3Ts3| T3 = Wt + X 2(SS)/=3eu >21b,>1] Yes 36.1 1.64 TeV B(Tsy3 = Wt)=1, c(Ts;3Wt)=1 CERN-EP-2018-171 F
S VLAY - Wb+ X teu =1b=1 Yes 3.2 1.44 TeV. B(Y — Wh)=1, c(YWb)=1/V2 | ATLAS-CONF-2016-072 I I .
IS R
VLQ B Hb 4 X Oew2y >1b>1j Yo 7908 L T iy susconr s [DOWEI ful conclusions:
VLQ QQ - WqWgq 1epu >4j Yes  20.3 1509.04261
_8 » Excited quark g* — qg - 2j - 37.0 6.0 TeV only u* and d*, A = m(q") 1703.09127
S Excited quark ¢* — qy 1y 1j - 36.7 5.3TeV only u* and d*, A = m(q") 1709.10440 b d
S . : m
'§ ‘£ Excited quark b* — bg - 1b,1j - 36.1 1805.09299 . O u n a n y
W @ Excited lepton (* Sepu - - 20.3 A=30TeV 1411.2921
Excited lepton v* 3epurt - - 20.3 A=16TeV 1411.2921 m Od e I S at O n Ce
———
Type Il Seesaw 1eu >2j Yes 79.8 560 GeV ATLAS-CONF-2018-020
LRSM Majorana v 2e,pu 2j - 20.3 m(Wg) = 2.4 TeV, no mixing 1506.06020
. Higgs triplet H** — ¢ 234eu(SS) - - 36.1 870 GeV DY production 1710.09748
D  Higgs triplet H** — (1 3eput - - 20.3 DY production, B(H;* — (1) = 1 1411.2921 s
= ' . L
6 Monotop (non-res prod) 1epu 1b Yes 20.3 Anon-res = 0.2 1410.5404 . O u n l I l u tl p e
Multi-charged particles - - - 20.3 DY production, |g| = 5e 1504.04188

Magnetic monopoles - - 7.0 DY production, |g| = 1gp, spin 1/2 1509.08059
Y Rt b resonances at
Mass scale [TeV] .
*Only a selection of the available mass limits on new states or phenomena is shown. Sal I le tl I I Ie

t Small-radius (large-radius) jets are denoted by the letter j (J).

Deviations then look like local contact operator effects in EFT

Michael Trott, NBI




When you do measurements below a particle threshold

I the collision probe does not reach ~~ mieavy
THEN observable’s dependence on that scale simplified

1
s—m?2+1il'(s)m

® You can Taylor expand in LOCAL functions (operators)

.f1(87t77L) %_!fg(s,t,zt)
M? M}

heavy heavy

() ~ Oy + di

This is the core idea of EFT interpretations of the data.

IR operator form
o &

ng
Lsvprr =Lsy + LD +£O + 04 0 =3 %Qz@ for d > 4,

=1

X

UV dependent Wilson coefficient

and suppression scale
Michael Trott, NBI




Reasons for SMEF T-icide.

® 1a) Basis debates. (Are you sick of them yet?)

(d)
Lsyerr = Lsy + L3 +£06) 4 £ 4 L@ = Z f; 4Q(d) for d > 4,

® This choice is not unique, and theorists are stubborn so they
are converging asymptotically at best.

® The operators are defined in a BASIS, fixed by SM field redefinitions.

1 , _
Ly = —;Bl,B"™ - giyy ¢B’¢ + (D*H) (D, H) + Cp(H' DFH)(DYB,,),
+ Cpu(D*H) (DYH) B, + C}}l) Q(l) + O e QHe N Cﬁ) Q(l) N CHu Qrtu. Over complgte set of
Kt M tt  ops depending on

+ CI{tdQ}{td+CHBQHB+CT (HT D”H) (HT D“H)-

1706.08945 |. Brivio, MT

=
. . agn / HT (4 D/J/H /
® Perform a field redefiniton B, = Bu+ba—4 then LB — g1 b2AB

The physics is not changed by this choice of path integral variable.
Michael Trott, NBI




Reasons for SMEF T-icide.

® 1a) Basis debates. (Are you sick of them yet?)

(d)
Lsmerr = Lspr + L +£O 4+ 0 4 £@d = Z 161 Q\Y for d > 4,

® CHOOSE b2 =Cp THEN /

1 / —
Lo = 7B B" — g1y, ¥ B Y+ (D'H) (D,H) +m

+ Cpu(D*H) (DY H) BLUJFCSI)Q(HJFCHG QHe+C§}3Q(1) + Cru QHu. Non-redundant set oL
w o u i tt &t OpS depending on B

+ CraQua+ CupQup + Cr (H' D“H) (H' D“H)-
ot

1706.08945 |. Brivio, MT
® BUT terms that remain SHIFTED = £B —9102AB

1 >
AB = YlQ ) 4 yeQHe + YqQ ) 4 YUQHu + YdQHd, + yg (Quo+4Qup) + g—lB“”f?u(HTz D, H).
tt

e ————

EWPD, diboson, Higgs data all modified globally
Michael Trott, NBI




Keep all operators for basis independence




Parameters in the SMEFT

In Warsaw basis arXiv:1008.4884 (SMEFT standard basis)

CP-even

2
3ng
8n3
%ny (9ng +7)
tn2 (T2 + 13)
sng(21n] + 2n) + 31lng + 2)
4nZ(n2 +1)

27 3n§
72 8n52,
51 2ng(9ng — 7)
171 Ina(ng —1)(ng +1)
255| ing(21ng +2)(ng — 1)(ng + 1)
; 360 4n2(ng — i) (ng +1)
Mg 81 Ng
4n3 324 4n;1
£ng(107ng 4+ 2n? +-89ny +2) 25 1191|  2ny(107ng + 2n) — 67ng — 2) 5 1014
2(107nj + 2n + 213n2 + 30ng + 72) 53 1350 £(107n; + 2n; + 57n2 — 30n, + 48) 23 1149

— 00 ~J Ol 00 00 W » DN = DN+~
O O O = 00 W i O O N

81

N
N

Table 2. Number of C'P-even and CP-odd coefficients in £ for ng flavors. The total number of
coefficients is (107nj + 2n + 135n2 + 60)/4, which is 76 for ny = 1 and 2499 for ngy = 3.

2499 arXiv:1312.2014 Alonso, Jenkins, Manohar, Trott
® Linearly realised symmetries (exact or softly broken) of the SMEFT relate parameters

® Thats a lot of parameters in general.
T — B e
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Can we do better re basis independence!? Yes.

1b) More basis independent results are possible.

All orders expression for Higgs to gamma gamma o
can be defined in closed form as:

2
(h|A(p1)A(p2)) = —(h ( + ) + ( )

004 " G192 o
Kinematic structure /

0g34(¢), € 0g44(®) 52]

g3

Geometric Dressings

(no explicit op forms!) How do we get to such results?

Michael Trott, NBI 9




Dim 6 SMEFT EW Lagrangian terms

2) SMEFT at dimension 6 with all operators is already complicated.

e E\W sector parameters redefined in the SMEFT

Wil 1 —3v2Chwp cosf sinf | | Z,
B, -5 v% Cawn 1 —sinf cosf A, ’
Mass redefinitions Mixing angle redefinitions
— 2,2 — - 2 = —2 —2 -
2 _ 9277 00 — 91 1490 92 92 — 91
My ==+ M At raE L 2 g glgl VP
2 — - 2 = =2 =2 y
2 _Vp,.—2 , -2 14 — 2, =2 14—— vy il g2 V1 91 92" — g1
MZ - 4 (gl +g2 )+ SUTCHD(gl +g2 )+ 2UTQIQZCHWB' cosf = \/glz-k—gzz -1 2 gz 522+5120HWB-

Interactions to remaining SM fields via:

92

V2

D,=0,+i=WITt+ W, T7|+i5, [T3 —5°Q| 2, +i€Q A,,
K K 7 7 H K
_ 919 9.9
= pena | o .
— — 92, =9 9192 2
9z =1\/92" +91" + v7Caw B
’ i : 92"+, TA )

2 _a?Go 0, 0150 0% 2,
. T 52172 @12+ 9,2)° Vr“HWB-
1312.2014 Alonso, Jenkins, Manohar, Trott 92"+ g1 91” + 92

Note the complications are proportional to the vev.
Michael Trott, NBI




Inputs also needed -SMEFT Muon decay

o Decayof u~ —e” +7.+v, still measured far below the W pole.

e Still probes the effective lagrangian

4G ,_ _
Loy = ¢§ (7u 7" Prp) (€7 Prve)

Michael Trott, NBI




INT

(4]
.
.
(Vg
c
O
@
G
O
(Vg
.
O
)
O
O
>
C
0
.00

AASNS

Keep all operators g

100

Eigenvectors

A [TeV]

0.01

20 bound on A;, aji¢c;=1

EWPO  Cpm
Chp

Cy

i

i

Che

)

cly

Cha

Bosonic ﬁlmox

Chc

Yukawa

not individual op limits - what are the spaces?

~ Top2F 37

Ciu

Ciy
EWPO
LEP WW
Run 1, uy
Run 2, uy
STXS
LHC wv
LHC Zjj

tt

single top
ttv

3) Properly eigenvectors of constraint

=

6 3559 — 999599 — 7418 73 7 - 7 - 94 — 65 - — — 90 — - 2 - 4
|||||||||| 22 - - =-2214---5=--3-4
1513 7 5 = = =212 8 = 5 = 2 = = =2 = = = = = = 27 1 14
29281694 — — — 45 4 19 - 53 3 3910 — - 4 - — 13 - 5 - 40 2 33
502318 1 — - — 331455 - 4 - 2 4 = —-10- -6 1 2 - 12 - 23
||||| 3 — -6 —- 329 -46=- 2114 = = =2 = =6 = 7
|||||||||||||||| 861 - — = = = = = =1
|||||||||||||| 57 — — — 998448 — 79 3 4 1512
|||||||||||| 9% 3 - - - - - 15- - - 78 — 4 -
|||||||||||||| 28— - - - -32 - 1318 4

77 2 89 53 12 41

10 38 5

Relative constraining power (%)

o

John Ellis, Maeve Madig

Composition

an. Ken Mimasu, Veronica Sanze, and Tevong You

Michael Trott, NBI
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One can understand, and sort these issues geometrically




Consequences of the Higgs field becoming a number

The Higgs field takes on a vey, recall what happens:

1 1 _
WuW'" = 2B B" + (D,H)D'H) + ) $iby

Y=q,u,d,l,e D < 4

1
Lsm = _ZGﬁUGA“U -

1 5\2 _ .. .
- (H*H —~ §v2) - [H“de g; + H'@Y, ¢; + HUEY,l; + h.c.] ,

Particles slow down
Image credit: Hitoshi's Higgs2020 talk

Gives masses, mass eigenstate fields, useful combinations of fields and couplings

R — e ———————————— i S

Michael Trott, NBI 13




Consequences of the Higgs field becoming a number

The Higgs field takes on a veyv, recall what happens:

11 .
zvi V0
—= —= 0 O

Upc = | V2 V2
‘\ ,’. e 0 0 ¢ s7
T A L,/ |0 0 —s5 cgl

H NI

_ C,v

2-point (mass)

3-point 2-point (mass)

Michael Trott, NBI




What is the Geometric SMEFT?

L}
N g 8

Particles slow down o o
@
H'H
Powers of 1
and symmetry generators

D <4 D >4

Gives masses, mass eigenstate fields. Gives geometries that define the mass
eigenstate fields and interactions in the EFT

R — e ———————————— i S

Michael Trott, NBI 15




What is the Geometric SMEFT?

Particles slow down

Kinematic structure /

Geometric Dressings
Michael Trott, NBI




Curved SMEFT spaces: scalar fields

® Curved SMEFT field space manifest in background field formulation
In general terms: G. A. Vilkovisky, Nucl. Phys. B234 (1984) 125.

Metric on Higgs field space, SM a FLAT field space

< 1

1 I J P2 + 191
Escalar,kin :_hIJ(d)) (D d)) (DN¢) ) Whel’e H — T = .
g g V2 |®4 — 193
10 0 0 <HTH>
1J 01 0 0 h N
_ - r C; = C
VR =1001-Cw 0 ere A2
00 0 14+ Cuo — Cup| Small perturbations so positive semi-definite
' Matrix and unique square root
1002.2730 Burgess, Lee, Trott (sqrt) Metric in SMEFT, a earwed field space
1511.00724 Alonso, Jenkins, Manohar RI 0
KL 7

1605.03602 Alonso, Jenkins, Manohar

E———

Michael Trott, NBI




Curved SMEFT space: gauge fields

® Similarly in the gauge coupling space a curved field space

Lgauge,kin -
1 + éHW
0
AB
Vo= 0
0

1

—ZQAB(¢)

0
1+C~7HW
0
0

1803.08001 Helset, Paraskevas,Trott\
1909.084 /70 Corbett, Helset, Trott

Metric on gauge field space, SM a FLAT field space

S

A B,
Wi W g
0 0
0 0

1 +~C~'HW _Cuwn 2

—Cuwp 1 -+ éHB_

2

Michael Trott, NBI

Where w4 = W' w2 w3 B)

(sqrt) Metric in SMEFT, a earwed field space
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All orders SM Lagrangian parameters

® | ow n-point interactions of fields are parameterised in terms of
couplings, 2001.01453 Helset, Martin, Trott

Jo = g2\V9  =g9,

Gy = 902 (Ce \/—33 sz \/—34) 0 ( P \/544_ cs \/—34)

e = g2 (55v/5" + cgv/s™) = o1 (cav/a™ +s9v/5™) |

® MaSSGS 'r?z,%,v = '64—% hllz’t_)%, 77’1,22 = %\/ h332’l_)% 77234 = 0.
e Mixing angles: , _ gl(\/ﬁ‘*“sa - \/53%5)
'z 92(v/9cg — /57 55) + 01(/G 55— /3 ' cp)
2 (9117 — 92v/5")?
2

g7 + (VT + Bl(v57)? + (V3*)? — 29192/57 (V5 + /")

(Interesting way to think of the Weinberg angle)

T — EEEE—————————m————

Michael Trott, NBI




All orders expressions are known now

® All orders scalar metric -leading to gauge boson masses in SMEFT
00 2\ N+2
1+ ¢*Clh+ (%) (cis™™ - CS“L%"))] 517
0

PI ¢KPK ¢L C(G) 00 2\ n+1 .
L CAJPKIAL HD | 3 (%) ot )
n=0

2 2

e All orders gauge metric - gives mass eigenstate couplings in SMEFT

(6+2n) (6+2n) ¢\
9aB(¢r1) = [1—42(0 (1 —044) + Cyp n5A4) (7) ]5,43

Z CSITVQ;) (_) (61T% 707) (6T B xd"™) (1 — 644)(1 — Oa)

Z (0} caki (—)] [(¢1Th ;¢7) (1 — 844)0B4 + (A & B)],

® Number of operator forms saturate in geosmetft.
This is due to reducing possible generator insertions on the Higgs manifold

R 1 1
Tz'kae — 5 (5z'e5jk - N(Sijdke)

e —— e e

Michael Trott, NBI




SM weak-mass eigenstate relations

® \Veak eigenstates

™~

WAY = §AB Upc ACY,
~ A AC
o = 5AB UBC'/B .

¢! = (SJK.VKL(i)La

N

Flat field space’s.
DuetoD <4

: ¢J — {¢1,¢27¢37¢4},¢K — {(I)_7®+)Xa h}

OZA = {92 92,92,91},

r92(1—75) go (1 + 1) [9 . 2,2 .2v 2919 C + A
) ) g +g Cy — S5), ’ A - W aW )ZaA .
\ \/5 \/§ 1 2(0 0) \/g%—i-g% ( )

B =4

I
© ¥~
= oHlLSk

What e

se could you write?

Michael Trott, NBI

Mass eigenstate

Rotations

0
0
=

0
_Sa

WA = {Wla W2a W3,B}a

o
2

| 1
o oSl
(@) O&l»—ﬂslls
ol oo

_o o O

9 &




SMEFT weak-mass eigenstate relations

® \Weak eigenstates Mass eigenstate
WA = g PUgc A, Generator transform
AA . AB AC 1
1909.08470 Corbett, Helset, Trott =Vv9 "UscB”, "Yé = 5’7,{1,J\/§ABUBC-

(True in any operator basis.)

= VB Ve BT

/ \ Rotations

SMEFT field space metrics

(Now known to all orders) g
Ubc =

0
0 Vi —
o JK =

I
o otlok
— Oﬁ.ll&IH

| 1
o oSl
(@) O§I|H§I|S
ol oo

_o o O

9 &

Z
—5%

= {¢1a ¢2’¢3,¢4}, (I)K - {(I)_v(I)+aXa h}
aA - {92 gZagz,gl}’ WA = {W1)W2aW3,B}7
g2(1—14) go(0+%) [5 5.2 o 2919 } C + -
) 3 + g~ °@) ) A:W,W,Z,A-
/2 /2 91 +95(c5 — s5) \/E%_}_—g% ( )
What else could you write”? Nothing that generalises to all orders.

Be =

7\
r Y

Michael Trott, NBI




Dim 6 SMEFT EW Lagrangian terms

® EW sector parameters redefined in the SMEFT (already in SMEF Tsim)

Wil 1 —2v2Chwp cosf sinf | | Z,
B, —%’U% Cawn 1 —sinf cosf A, ’
Mass redefinitions Mixing angle redefinitions
— 2,9 — - 2 = =2 —2 .
2 _ 927Vp 7 91 1497 92 92 — 9
My = 4 ind V32 +732 L T2 91 522+§12CHWB_
2 — - —_ - — -
2 _Vp,.—2 , -2 14 — 2, =2 14—— vy il g2 _ﬁ9_1922—912
Mz = 1 (91" +927) + 8UTCHD(Q1 +9,7) + 2UT91Q2CHWB- cosf = N _1 2 7 _9—22+§12CHWB_

Interactions to remaining SM fields via:

92

V2

Dy=0,+i==[WiTT + W, T7] +i7, [T5 —5°Q| Z, +i€QA,,
—_ 919> 9192
Vel AT o __
— — 92, =9 9192 2
9z =\/92" + 9" + —=———=vrCuwn
? ' VGo* + 7,2 ) A

2 _a?Go 0 0150 -0 2,
. T 52172 @12+ 9,2)° Ur“HWB-
1312.2014 Alonso, Jenkins, Manohar, Trott 92"+ g1 91” + 92
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Generalisation for composite ops

(d)
Lsmerr = Lsy + £0) 4 26 4 £ 4 v £ — Z jf;l 4Q(d) for d > 4,

v/M < 1

Composite operator form Scalar field coordinate dependence

With minimal scalar field And insertions of symmetry generators
coordinate dependence

Derivative expansion / Vev expansion --—--—---- O

Mixes expansions, but grouped with derivative forms.
B R

Michael Trott, NBI 24



Generalisation for composite ops

® Such connections can be defined from the Lagrangian expansion constructively

Hy 6° LSMEFT

g
hry(¢) = d §(D,¢)6(D,¢)’

L(a,B:-)—0

non-trivial Lorentz-index-carrying Lagrangian
terms and spin connections {W,, (D ®)%, gk, v}

® Limited number of such connections for up to three point functions

V()  his(¢)(Dud) (Dud)’, gap(@)WILWPH ki (8)(Dud)' (Dye)’ WY,
faBc (@)W, WEPWSH,

With fermions Y(@)¥1v2, Lra(@)1v mavva(Dus)’,  da(d)hro* P2,

Gluon fields kas(9)GL,GPH . kapc(9)GL,GPPYGEMP | c(¢)hrot Tarps G,

T — ==

Michael Trott, NBI 25



Generalisation for composite ops

® Such connections can be defined from the Lagrangian expansion constructively

_g"  6°LsmEFT
") = S 5,8 6D, 9

L(a,B+ )0

AN

non-trivial Lorentz-index-carrying Lagrangian
terms and spin connections (W, (D#@)", yo#p, -}

® Limited number of such connections for up to three point functions

This is a non trivial fact proven in 2001.01453 Helset, Martin, Trott

There is a theory choice here - its REMOVE DERIVATIVE OPS, USE EOM.

Same reasoning built into, and led to the “Warsaw basis”.
Also why we were able to renormalise the Warsaw basis completely in 2013.

EFT Industry standard in flavour physics, chiral pert theory etc.

Michael Trott, NBI



An instant pay off of this approach

® Growth in operator forms in connections

Always saturate to fixed number, this is just the
simplest organization exploiting this

Mass Dimension

® Once we have things to dim eight
it is sufficient in many observables

Field space connection 6 8 10 12 14
hr(#)(D,¢)! (D ¢)’ 2 2 2 2 2 Mases
gaB(P)WSLWEH 3 4 4 4 4
kLa(@)(D9) (D9 Wy, | 0 3| 4| 4 4 TGC, Higgs to ZZ,WW
fapc(@)Wu, WEYPW,* L2 2 (212 QGC,TGC + Higgs
Y% (4)Qu+t h.c. 2N? | 2N? | 2N? | 2N? | 2N?
d o 2 2 2 2 2
Yy ($)Qd+ hc. 2N? | 2N? | 2N? [ 2N? | 2N7 Yukawas
Ys.(¢)Le+ h.c. 2N7 [2N7 | 2N7 [ 2N7 | 2N;
d%"" (¢) Lo, eW " + h.c. 4N? [6N? | 6N? [ 6N? | 6 N7
d¥ (¢)Qo L uWl’+ h.c. AN7 [6N7 | 6N7 | 6N7 | 6 N7 Dipoles
d%7" ($) Q0 dWH' + h.c. AN? | 6N? | 6N? | 6N? | 6.N?
L2, (D)D) (prvuoatnr) | N3 | N2 | N2 | N? | N?
LV, (8)(D#9)’ (Pp,Lvpuoatrr) | 2N? | 4N} | 4N? | AN? | 4N?

2001.01453 Helset, Martin, Trott

® Basis choice changes entries in these geometric structures, but geometric organization exist

in any basis. The trend of saturation of effects at dimension eight is a general feature.

27
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The scalar expansion vs derivative expansion

10000000000 - -
7557 369962

2795173575

1000000000 |
100000000
10000000 |
—® 5474170
1000000 |-

100000 +

10000 |-

No. of independent ops

1000 |-

100

Pole parameters O(10’s

10 -

1L

5 é 7 é E; 10 111 12 113 114 15 SCALAR EXPANS'ON

Mass dimension

® Tails of distributions have significant sensitivity to the higher order terms.
® General growth in operator forms from Hilbert series

https://arxiv.org/abs/1503.07537 https://arxiv.org/pdf/1512.03433 .pdf
https://arxiv.org/abs/1510.00372 https://arxiv.org/abs/1706.08520
R ——— B
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https://arxiv.org/pdf/1512.03433.pdf
https://arxiv.org/abs/1706.08520
https://arxiv.org/abs/1503.07537
https://arxiv.org/abs/1510.00372

GeoSMEFT example

2001.01453 Helset, Martin, Trott
e \Vhat does this allow one to do?

) /‘/ Consider a W=, Z coupling to a fermion bilinear.

The all orders coupling in the SMEFT is a sum of
two field space connections.

wilpyy with a consistent change weak to
mass eigenstates in SMEFT

Added to this Is the scalar, fermion connection &, (4)(Dxg) (&, r1,0 4%+ 8)

with a background field expectation LYE 4 (8)(DH$)? (Y, LYu0 a%r,L
(with a back d field tation) VL (0)(D ) ( )

Michael Trott, NBI 29




GeoSMEFT example

2001.01453 Helset, Martin, Trott
e \Vhat does this allow one to do?

) /‘/ Consider a W=, Z coupling to a fermion bilinear.

—AA’N(T/;p7u7:A¢r)5pr + -AC’N (Q;p'Y,uo'A"p’P) (L}p,ﬁr> (_7613',4)1_)T)

e ‘o Compact all /A orders answer!

T — EEEE—————————m————
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GeoSMEFT example

2001.01453 Helset, Martin, Trott
e \Vhat does this allow one to do?

) /‘/ Consider a W=, Z coupling to a fermion bilinear.

—AA’N(T/;p7u7:A¢r)5pr + -AC’N (Q;p'Y,uo'A"p’P) <L’(Ip,,£r> (_7613',4)1_)T)

The coupling of the canonically normalised mass eigenstate fields is then

<Z &P"pr) % "ZP ¢Z [(2332Q¢ - 03)6pr + 0'3'5T<L§3p:§w> + 17T<L1'3b,’fr>] Yr,
<-A Qﬁp'w’r) = —€ "Zp #.A Q¢ 5pr wra

(Wi @piﬁr) = —%ﬁp(ﬁvi) T+ [5p'r - "_’T<L11p,’fr> + WT(L??)] Pr.

T — EEEE—————————m————
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GeoSMEFT example

e (Can build up observable quantities, such as a decay width.

) /‘/ Consider a W=, Z coupling to a fermion bilinear.

— AN (D, Tt )8pr + ACH (P10 athe ) (LYE Y (—E 4) o

® 0
e Two body decay widths:

4M2 3/2 ) 9 3/2

[ 2 Y _ N, ~ AM

I‘Z—>¢¢ 224 mz|9eff ( 2 ) FW—MM:Z_C m%V|ng,¢|2 (1_ —zd))
VA " 241 mW
¢ II) "»b, T 0
s’ = %5 (298, Qu = 05)dpr + o0 (L4F") + o5on (L501)] g™ = =T [V = or (L457) & o (157

i = = (VB — or(L35") + or(Li5™)]

e
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Need input parameters defined at all orders

{ MW MZ GF Mh} S Ch eme D {rw,z, Gp} input-parameter scheme at all orders in (72/A%)"
In this scheme we can again use Eqn. (E.2) to define a shift to gz. We also use
2mw
92 =929 = Vhnor (D.1)
and
1= g2 79+ V5") D.
O g+ oy .
Sorted |n to solve for s% via
Hays, Helset, Martin Trott: 2007.00565 ) 1 { 92VI_N\° [ aa)2 34 2 \2 [ a0\ 2 34 2
B= ot () () - (v |+ (va) | (vat) + (va
0 [(\/544) +<\/§34) ] ( [ ) l( ) ( ) ] ( ) l( ) ( ) ]
92v/9_ 4479 142 % 92v/9_\*
Input parameter dependence —2( 7 )JV (V)2 l(\@ ) + (") - (7) ]} (D:3)

I ncreased Order by Order The remaining Lagrangian parameters can then be defined via

due to Lagrangian parameters S Ay (D.4)
" n " €= —11 89 Ce ’ .

being redefined geometrically v

and

_ 44 4

2 — € (35\/5 1 c?\/§3 ) (D 5)

0z — = 44 =34\ :
9z (cgv/g"" + s5/9™")

In both schemes, g and sgz have the same definition in terms or other “barred” Lagrangian

parameters.
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SMEFT reparameterization invariance
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Can build up processes with the info

® MC simulation can be avoided in large part for dim 8 for TH prediction
Or TH error. Just rescale dim 6! -see 2106.13794

Michael Trott, NBl, Feb 18




Conclusions.

R W W
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Current geosmeft limitations



GeoSMEFT Pushing to higher n points

e (Can build up observable quantities, such as a decay width.

Consider a W=, Z coupling to a fermion bilinear.
—AA’“('l/;p'Yqu@br)dpr + AC’N (&p'YMO'A")bT) (L}p,,f{w) ('—7(13',4)1_)T)

® Not all physics is derivable from two and three point functions

t

g g _
(0
> Z
(o
g h

e
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GeoSMEFT Pushing to higher n points

® Limited number of such connections for up to three point functions

This is a non trivial fact proven for: F = {H,{, W} via the following:

D?*F =

f(H)(D,F1)(DyF3)Dyyy F3 =

£(6) Fy (DuFy) (DuFs) = (Duf(6)) (DuFr) Fa Fs + =(D*f(#)) Fy Fy Fs + [EOM],

EOM

EOM

and higher-points, 2001.01453 Helset, Martin, Trott

and higher-points.

2

<

® How to incorporate such higher n-point effects is the key challenge.
® Pert corrections advancing fast- higher n points also moving.

e
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GeoSMEFT Pushing to higher n points

® Note these integration by parts steps were used

f(H)(DuF1)(DyF2) Dy F
=— f(H) [(D*F)(DyFs) + (DyF1)(DuDy, Fs) + (DD, F1)(DyF) + (D, Fy)(D*F)| (D, F3)
— (Duf(H)) (DyF1)(DyF) + (D, F1)(D,F»)| (D, F3)

f(¢) Fi1 (DuF2) (DyuF3) = (Dyuf(9)) (DpF1) Fo F3 + %(sz(d))) Fy Fy F3 + |[EOM |,

These steps were critical to reducing the number of connections for two
and three point functions. This just fails for four points and higher.

One knows that there are an infinite set of higher derivative terms lurking
In higher n points, dependent on {D.¢', Dy,..3¢", D¢’y 3

This is a problem for measurements away from SM resonances.
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