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» described model-independent NP Wilson coefficients
[Bause, Gisbert, Golz, Hiller: 2109.01675]

Cy ~ (5.vbr) (B 1) Dim. Fit C CT Pullgy
M _ L5 1d Cr —0.83+0.14 0 6.00
Clo ~ (527bL) (777 1) 1d | ¢ =—CF | —0.41+0.07 —C¥ 6.00
2d Ch' 1 —0.714+0.17 | 0.20+0.13 | 590
C’é” - ( SRy bR) ( i ,yu ,LL) consistent with zero [Bause, Gisbert, Golz, Hiller: 2109.01675]

e I CH=—-1.07+0.17 C¢' =0.27+0.32

can generate Ry~ # R
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» How to generate the NP Wilson coefficients?

Cy ~ (Brwbr) (m'w) Ol ~ (5ybr) (Y w)

» Model building: Leptoquarks? Z° models? A mix thereof ? ...

. o7 e b
— hightleptophitie 2~

— heavy Z’, tree-level couplings to quarks

» consistent QFT: U(1)" extension of SM gauge group

» fermions have generation-dependent charges
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» Direct coupling to quarks: Z’is heavy
Mg > 5 TeV first generation quarks [CMS collaboration: 2103.02708]

» Sizable Z” couplings required to account for C§

gllflu :g4FL2 gi%u — 94 FE2 g%s — g4 ‘/tb‘/;; (FQB _FQ2)

— Landau poles of g4 before the Planck scale
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» e.g. minimal model
MZ/ Z 5 TeV

left muon and b-quark have U(1)’ charge + gauge anomaly cancellation

Landau pole pr S 1010 TeV

1 1 . 102 — T T T T : .
» In practice: | Are all these theories excluded?
10E -
i U(1)" coupling { Landau pole has to be (re)moved!
10-1E o {1 — Planck safety
102} :
_ 2 _
10—3 = é;i :J' 5
104~ SR ' '
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What is Planck Safety?

Between EW and Planck scale:

» no Landau poles, couplings remain finite
» parameters remain physical

» scalar potential is stable

— consistent, predictive until Mp,

“Asymptotic Safety until the Planck scale”

— provides additional theory constraints
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How to achieve Planck Safety (in Practice)

» SM is not Planck-safe — Higgs metastability !

— remove Landau poles and restore Higgs stability

» template BSM sector inspired by Asymptotic Safety [Litim, Sannino, JHEP 2014]

;i Ny vector-like fermions (charged) - "quark”

Sij Ny x Ny matrix-like scalars (uncharged) - "meson”

» tame Landau poles by Yukawa interaction

dOé4

—Ly =y (¥r; Sij¥r; +h.c.)
unbroken flavor symmetry
e Ny, N. — oo exact UV fixed point (asymptotic safety)

2 3 272 2
d Iny: = +H#HOo+H#HA—H#Y NfOé4

* N;=3 ,embed in gauge group — potentially enables Planck safety



How to achieve Planck Safety (in Practice) II

» tame Landau poles by Yukawa interaction

—,Cy =Y (ELz Sz'j ’QDRJ' + hC) dOé4
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How to achieve Planck Safety (in Practice) II

» tame Landau poles by Yukawa interaction

da4

—Ly =y (¥r; Sij Yr; + h.c.) = +#a;+#ay—#Y N7 o

d Inp

» stabilize Higgs potential by scalar portals, sometimes additional Yukawas

~ & Tr [STS] (HTH)

» enhances physics predictivity:
—> preViOus WOI‘k Wlth BSM Vector—like leptOHS [Hiller, Hormigos-Feliu, Litim, TS: Phys.Rev.D 102 (2020) 9]
— simultaneous explanation for (g — 2) Le [Hiller, Hormigos-Feliu, Litim, TS: Phys.Rev.D 102 (2020) 7]
)
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Putting it all together
» extended gauge group SU(3). x SU(2)r x U(1)y x U(1)’
» SM matter fields @, U;, D;, L;, E; and Higgs H
» for models with C?, # 0 : right-handed neutrinos »,

» U(1) breaking, charged scalar ¢

» Planck-Safety sector:
» vector-like BSM fermion )
- uncharged 3 x 3 BSM scalar S;

» scalar portals between H, ¢, Sy
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Assigning U(1)’ charges

» choice:
« BSM fermion 1); is SM singlet, but U(1)" charged (invisible!)

/

- Higgs is uncharged under U(1)’ — no interference with EWSB

» 6 gauge anomaly cancellation conditions for U (1)’

» condition for each component of SM Yukawa matrices
Y2 compatible with U(1)’

« lepton and off-diagonal CKM elements are small breaking

- diagonal quark Yukawas Y3

27 9

— some models allow diagonal lepton and RHN Yukawas Y¢

279

v
Y

» choose CKM rotation in down-sector only
— no FCNCs for up-type quarks

» small gauge-kinetic at the electroweak scale mixing between U(1)y x U(1)



U(1)’ charges and benchmark models

Model FQ"L FUqu- FDi FLi FEi Fyi FH qu, F¢,
1 1 1 1 1 1 1 1 1 9 9 9 9 1
BMi| 25 2 ~1w| % 20 ~15| 30 30 1o 15 10| O-1 1wW| O O 00| 1]s
1 1 1 1 1 1 1 1 1 1 1 11 1
BMz|—-3 -3 6|32 32 6|2 "1 3 1010 0 1| 5-135 110]%]s
1 1 1 1 1 1 1 1 1 1 1 1 1
BMs|-5 -5 Of-5 -5 0]-5§ —§ O s 1| 0 7 | 0 1 3[O0|1]s
BMs| 0 0 | o o 5| 0 0 3 s =210 -2 0 § -2]l0]|1]%
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» allow at least diagonal quark Yukawas
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» pass 6 gauge anomaly cancellation conditions

» allow at least diagonal quark Yukawas

» no Z’ — electron couplings

» no Kaon mixing
» Bg mixing bound

» tame Landau pole
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U(1)’ charges and benchmark models

Model Fo, Fu, Fp, Fr, Iy,
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MOdel FQi FU%. FDi FLi Fyi FH Fw
T . 1| 173 1 1 1 1 ., 1] 17 9 9 9

BMu || 55! s5|—%)| 20 30 —|| 20! 20| 104| O [fi6| 7o 10 |0 0 Ol O3
1 b i 1 1 1P 1] 1 1 11 1

BMz (=3 13| -2 —2 s|l7z!"z| s/ O 1L © LY 5 =13 L) Ozl o
1 b I 1 1 1 P 1 1 1 1 1 1 1

BMs 75 ims) O zs.zs Ozsizsl ol O 2| o el I N E

BMaf 0,00 $1:.0...0F s .04 .01 s4lo)[3]-2 51 o 5 —3{olflLl);

» pass 6 gauge anomaly cancellation conditions o 20, C L BM. right-handed
» allow at least diagonal quark Yukawas 9 » 10 \ ! 1 neutrinos

» no Z’ — electron couplings

BMy, lighter 2’

» no Kaon mixing

» Bg mixing bound 0(5 — —C{LO —> BM,
» tame Landau pole

» U(1)’ breaking, no additional Yukawas Céi 10 7é 0 —» BMj
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How to check for Planck-Safety
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How to check for Planck-Safety
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RG running

walking regime

\ A

v T v T ' T ' T v T J T ' T Y T
1 i Oy 3

[ . 1 BSM Yukawa brakes Landau pole
'\_Jlo Landau pole 7 |

scalar portal coupling stabilizes

] Higgs potential is stable

SM gauge couplings not trapped

/
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BSM critical surface
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BSM critical surface
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Phenomenology

» broad decay of Z’ to invisibles Z' — 1, bv with 65 .. 85% BR

Modell|jets| 6 | t el u | 7 |ve,u,r | R|WV1,2,3] ¢
BM,; |0.5]0.5]0.5]0|15|15] 15 |0O| 54 ]0.2
BM2 | 14 |1.5]11.5|101 919 | 18 |0] 46 |0.1
BMs| 5100|044 8 (0] 79 |0.1
BM4| 0 [0.9]10.9]0| 3 |11} 14 0| 72 ]0.2
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Phenomenology

» broad decay of Z’ to invisibles Z’ — ¥, Dv with 65 .. 85% BR

Modell|jets| 6 | t el u | 7 |ve,u,r | R|WV1,2,3] ¢
BM; | 0.5]0.5]0.5]0)15}15} 15 |O] 54 |0.2
BM-s | 14 |1.5]11.5]01919]| 18 |0] 46 ]0.1
BMs| 5 1]0]0]014]4 g 101 79 |0.1
BM,s| 0 ]0.9]0.9|0) 3 |11} 14 |O] 72 0.2

» can be probed & models distinguished at pp collider:
o(ptu™ = Z' = Y, ov) = (102103 o (T~ — Z — )™M

» only mildly enhanced B — K*)py, consistent with SM expectation

» benchmarks are consistent with LHC search [CMS collaboration: 2103.02708]
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Summary

Model| o aa (o) ct | et \yerlye | Y e, |B(Z — inv)| vr
BM; |5 TeV|1.87-107%|-0.83] © v | v | X 035 73% X
BM. |5 TeV|5.97-107°|-041| —C¥ | v | X | X |0.86 64% v
BMs |5 TeV|4.60-1072|—0.71]+0.24] v | X | X |0.60 87% v
BMy |3 TeV|2.46-102|—-0.83] © v | v | v o0 86% v
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Summary

Model| po o (o) ck | ot Yt Ye | Y | re. | B(Z — inv.)| vg

BM; |5 TeV|1.87-107%|-0.83] © v | v | X 035 73% X
BM. |5 TeV|5.97-107°|-041| —C¥ | v | X | X |0.86 64% v
BMs |5 TeV|4.60-1072|—0.71]+0.24] v | X | X |0.60 87% v
BMy |3 TeV|2.46-102|—-0.83] © v | v | v o0 86% v

heavy Z’ models that

» explain B-anomalies in several interesting NP scenarios
» compliant with anomaly cancellation, quark Yukawas, precision measurements

» are predictive until Mp; — no Landau poles

» stabilize the Higgs potential
» can be probed at colliders

» decay mostly to invisibles
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