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I am a professor for theoretical particle physics at RWTH Aachen University.

collaborations:

LHC and Philosobh My main research field is to understand and predict phenomena at particle colliders. Within the last few years, I have
PY" been mostly interested in the physics of Higgs bosons in and beyond the Standard Model. Recently, I have also become
interested in improving the connection between the perturbative and the lattice approach to quantum field theory
PTH . )
through the gradient-flow formalism.

DFG RTG The menu on the left should help you navigate through this page. In particular, you can find a Brief CV, and details

about my Research and Teaching activities.
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Flavor Hierarchies

Flavor hierarchies:
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Flavor structures in Effective Field Theories

Standard Model:
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Flavor structures in Effective Field Theories

Standard Model:

S

MEF |
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1:x3 2: HS 3: HiD? 5:92H? +h.c. 8:(LR)(RL) +h.c. 8:(LR)(LR) +h.c.
Qc | FABCGAGEPGS"  Qu | (HIHY Quo | (HUH)OEHE) — Qur | (HIH)GeH)  Quag | Ber)(daay) Q| (@ur)ein(@dr)
Qs | fABCGAGIPGSH Qup | (H'D,H)" (H'D,H) Quu | (H'H)(gu,H) vond | (BTAur)ej(@ETAdy)
Qw | EWIWPW Qun | (HTH)(gyd, H) ew | (Ber)en(@uy)
Qi IJKWIVWJPWK# lequ (pau,,er)e k(GETH uy)
4: X2H? 6 :Y2XH + h.c. 7:¢2H2D
Que | HHHGAG™  Quy | (lo"e)r'HWY, QM (H''D H)(I,7"1,)
Qus | HHHGAG™  Qep | (o™e)HBu, @ | @ DL @)
Quw | HHHWL W Qu¢ | (G0 T4u,)H G4, QHe (H*i(ﬁuH)(epv“er)
Quiw | HEWLWW  Quy | (Gomu)r! HWL, ) (H'$ D ,H) (@7 ar)
Qus | H'HBLB"  Qup | (40"u,)HB,, QY | (HYDLH)(g v"q,)
Qus | H'HBLB™  Qu | (§0"TAd)HGA, Qu (HYD , H) (@n"u,)
Quws | H'T'THW/.,B*  Qaw | (go*d,)T"HW,, QHd (H'i D, H)(dyrdy)
Quivy | HITTHWLBY  Qup | (@0"d)HBu — Qmua +he. | i(H!D,H)(@yytd,)
8:(LL)(LL) 8: (RR)(RR) 8:(LL)(RR)
Qu ( ulr) (1 S’Y“lt) Qee (epyuer)(€sy et) Qe (lp’)’ul )(esvHer)
W | (@) @) Quu | @) @tw)  Quo | (vl @y )
@ | @w'e) @ T a)  Qaa | (dpvud)(dsyid)  Qu | (pvale)(dsyPdy)
Q| Gl @ a) Qeu (Epvuer) (s ur) Qqe (TpVur) (€Y er)
QY | Gy )@V T'e)  Qea | (Epyuer)(deyidy) Wl (@) @eyuy)
QY (@pyutir) (dsy*dy) & | (@T ) (@ T uy)
QY | @ T u) @y T4d) QY | (@muer) (dsrde)
QY | (@vTAq) [y TAdy)
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Flavor structures in Effective Field Theories

Standard Model: SMEFT

1:Xx3 2: HS 3: H*D? 5:92H3 + h.c. 8: (LR)(RL) +h.c. 8:(LR)(LR) +h.c.
Qe | FABCGAGEGS"  Qy ‘ (H'H)?  Quo (H'H)O(H'H) Qenr | (HTH)(lye, H) Quedq | (Ber)(dsqij) Q((,qu (@hur)ejr(hds)
Qz | fABCGIGrPGH* Qup | (H'D,H)" (H'D,H) Quu | (H'H)(qu,H) QW o | (@TAur)ejr(@ETAdy)
Ow GIJKW,‘{UW’{PW;{N Qan | (H'H)(q,d,H) Qﬁgu (_zJo r)ejk(qsut)
Qi | EW QD | Bouwer)ein (@ u)
4: X2H
Que | H'H 7
Qus | HHHGAG™ Q. | (I,0"e)HBu Q%) (H'i D LH)(l,r ")
Quw | HHWLW™™ Q. | (g0 T4u,)H G4, Qe (H'i'D .H)(e,7"er)
Quw | HHHWLW™™  Quy | (@otu)r HW, QL | @ND.H)@ )
Qus | H'HBLB™  Qu | (G0"u)H B, QY | (HNDLH) (g v ae)
Qup | H'HBLB"  Quc | (Go*Td,)H G4, QHu (H Tz(ﬁ H)(a,v u,)
Quws | HIT'THWL,B"  Qaw | (gpo**d,)T'HW], QHa (HTzD L H) (dpyy*d,)
Quivp | HTTHWLB"  Qup | (q0"d,)H B, Qrud + hee. | i(H'D,H)(@py"d,)
8:(LL)(LL) 8: (RR)(RR) 8:(LL)(RR)
Qu Lo vulr) Us*1e) Qee (Epyuer)(esr*er) Qe Uy vulr) (Esy*er)
W @)@ 7). Qu | @) @w)  Qu | (Gl @y u)
D @l ar) @ ) Qua (dpYudr) (dsy*dy) Qua (o vulr) (dsy*dy)
QY | ) @*e)  Qeu | (& we,.)(uswut) Que | @uar) (@77
QD | G )@ T'a)  Qea | (Evuer)(deytdy) @ @) @y u)
Q%Y (@pyuur) (dsy*de) @ | (@mT ar) @y T uy)
QY | @ TAu)der T4y QY | (g (dsrtds)
Q) | @ T ) (dy*Tdy)
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Flavor structures in Effective Field Theories

Standard Model: SMEFT

1:Xx3 2: HS 3: H*D? 5:12H3 + h.c. 8:(LR)(RL) + h.c. 8:(LR)(LR) +h.c.
Qc | FABCGAGEPGS"  Qu | (HIHY Quo | (HUH)OEHE) — Qur | (HIH)GeH)  Quag | Ber)(daay) Q| (@ur)ein(@dr)
Qg | 11°0G GGy Qup | (H'D,H)' (HIDH) Qua | (HH)(Gpu, H) Q% | @THu)en(@T4dy)
Ow GIJKW,‘{UW’{PW;{N Qan | (H'H)(q,d,H) Qﬁgu (_zJo )GJk(QsUt)
Qi | VKW QD | Bouwer)ein (@ u)
2499  parameters
Que | H'H
Qua HTHGA G Q, QeB (HTZD H)(pT vH1,)
Quw | H*
Quw | b
aun | 2452 related to flavor!
QHE
QuwnB HTTIHWgUBﬂ" QdW (qpa’“’d) IHWJ,, QHd (H'i D ,H)(dyy"dy)
Quip | HITTHWLB*  Qup | (§,0"dy)H By, Quua + hec. | i(H'D,H) (v d,)
8:(LL)(LL) 8: (RR)(RR) 8:(LL)(RR)
Qu ( ul )( vHl) Qee (epyuer)(€sy et) Qe (lp’Yulr)(es’Y” et)
W @) @) Quu (Upypur) (Usy ur) Quu (Lpyulr) (@sy ur)
O @) @ a)  Qua (dpypdy) (dsy*dy) Qud (pvulr) (dsyHdy)
QY | ) @*e)  Qeu | (& vye,.xuswut) Qoe | (@muar) (@ er)
QY | G )(@"7'q)  Qea | (Epyuer)(dsydy) W (@) @y )
Q’ftld) (apypur)( s’)’“dt) 6(151? (‘Ip’YuT q,.)('u,s'y“T ut)
Qz(fd) (UpyuTur) (ds v T dy) Q((IZ) (@pYur) (dsy*de)
Q%) | @wT4e)(dr"TAd)
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Effective Field Theories: AutoEFT
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Effective Field Theories: AutoEFT

Alultlo
EFT

PHYSICAL REVIEW D 108, 055020 (2023)

Standard model effective field theory up to mass dimension 12

R. V. Harlander®, T. Kempkens, and M. C. Schaaf

Institute for Theoretical Particle Physics and Cosmology, RWTH Aachen University,
52056 Aachen, Germany

® (Received 13 June 2023; accepted 14 August 2023; published 21 September 2023)

We present a complete and nonredundant basis of effective operators for the Standard Model effective
field theory up to mass dimension 12 with three generations of fermions. We also include operators
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Flavor Hierarchies

Flavor hierarchies:
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Heavy-flavor hadrons
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Heavy-flavor hadrons

non-perturbative ® perturbative
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Heavy-flavor hadrons

lattice ® perturbative
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