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Framework

e ALP pNGB of global U(1)
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e no coupling to Q;, dgr, leptons

e Oy = (0ua/fy) HTiEH and
Ow = (a/fa)g22/(327r2)Wlil,WW’ induce FCNCs
= assume small WCs
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e flavour-violating effects from == (cuq); Ur 7" R,
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Benchmark 1: 'Dark QCD’ UV completion
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Benchmark 1: 'Dark QCD’ UV completion

e non-trivial flavour interplay from coupling kg, X Qu
e parameterise the coupling k = UDV

e degenerate dark quark masses — V absorbed from dark
flavour symmetry

D = diag(/'ﬁ:o + K1,k0 + K2, kg — K1 — /'62)

U in analogy to Vekpm: U = Uz Uiz Ugo, with U,'j 3x3
rotation matrices

benchmark: R1 = /ﬁ;o/2, Ry = (913 = 923 =0, (912 = 0.022
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Benchmark 2: Froggatt-Nielsen UV completion

e global flavor U(1) broken by vev (S) = f,
with $ = L (f, +5) e/
e S has charge —1 under new U(1)

e here: only ug charged under new U(1)
e new Yukawa term: —y,, <%) i 6LfI:IuRj + h.c.

- . nY
= _quiHURjY nlil Wlth Yuij = inj (%) J

ug 'y
e with f,/A = € ~ mc/my, right quark masses from
n; = diag(2,1,0)

2 3e 3€
e after diagonalising Yy,;: cyp = | 3¢ 1 ¢
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Constraints on the model: Flavour constraints

e AF =2: D% — D% mixing

e AF=1:
o tree-level: D* — 7t invisible, J /v — ~y invisible
c —»—2; u [

.

u u é L > —a

e 1-loop: K* — 7t invisible, BY — 7+ /K* invisible
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Constraints on the model: cosmology and astrophysic

e cosmological constraints from Cadamuro, Redondo 2012;
Millea, Knox 2015 (includes # effective dof, distortion of
CMB spectrum, red giant bursts, ...)

e astrophysics: red giant burst

Y]

€

= constraint on effective coupling to electrons
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Experimental prospects

e consider production in D meson decays
e possible testing grounds: NA62, SHiP, FASER, MATHUSLA,

E
10]0818p

P decay
volume

e number of ALPs:
N, = Np - BF(D — Tra) * €geom * Fdecay

e 3 events for detection
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Results: "dark QCD’ UV completion
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Results: FN UV completion and anarchic benchmark
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Summary and Outlook

e search for NP in charm physics
e m, ~ few GeV can be probed with upcoming experiments

e higher mass region ideas:

e additional production modes, e.g. top decays
e charming emerging jets, prompt decay searches
e in dark QCD: DM direct detection
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Couplings with numerical values
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all dark QCD UV completion plots
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all Fn and anarchic benchmark point plots
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