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Scaled up neutron: —
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L Direct detection constraints: m, < 47 TeV for gy ~ 1
see also J. Eby, P. Fox, G. Kribs, to appear
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Scaled up neutron:

L Direct detection constraints: m, < 47 TeV for gy ~ 1
see also J. Eby, P. Fox, G. Kribs, to appear

What is the magnetic moment of the ground state baryon?
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Quark Model

BaI’YOﬂ wavefunction: \IJB — fcolor Tlspace gbspinwﬂavor = Spin-flavor symmetric
$ $

Antisymmetric: Confinement Symmetric for s-wave

Quarks transform under fundamental rep of SU(Ny) and SU(2;,)
e.g., SU(2)y, triplet with N, = 3,
bW Flavor: 3R3RX3=18p8Pp 10
Spin: 202R2=202¢4
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The Kightfold Way
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The Kightfold Way The Dark Kightfold Way
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e.go. N,=N;=3

Wavefunction: |£°) = \}5 [\/11_2(2uds — usd — dsu + 2dus) - %(TN — T =)
+%(usd + dsu — sdu — sud) - %(TiT - iTT)]
é[(2quTs¢ —utdl]s? uideT)—l—permuatlonS]
Magnetic moment: pzo = 316 [4 (pou + pra — ps) + (u — pa + ps) + (—pou + pra + ps)] % 3
1

_(2ru’u + 24 — .us)
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Results

Neutral spin-%2 baryons
# with zero magnetic moment
# with nonzero magnetic moment

@ _
Dark Quark Magnetic Moment: ; = %Si ‘= Qz’ﬂ
q
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Discussion

I. Some neutral spin-%2 baryons have vanishing magnetic moments
What are the selection rules for zero magnetic moment?
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Discussion

I. Some neutral spin-%2 baryons have vanishing magnetic moments
What are the selection rules for zero magnetic moment?

II. If baryon mass degeneracy is lifted by ém, ~ Q., then the
dark matter magnetic moment always vanishes.
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Discussion

I. Some neutral spin-%2 baryons have vanishing magnetic moments
What are the selection rules for zero magnetic moment?

II. If baryon mass degeneracy is lifted by ém, ~ Q., then the
dark matter magnetic moment always vanishes.

I11. Quark model exact at large N, m 1, = O(1/N,)
Constraints on dim-6 operators dominate — weaker than

constraints on magnetic dipole
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Thank you!

Questions?
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I ————————————————..—.
Backup: Quark Model Generalized

* Kxpress baryon in quark bases of spin i and flavor j

» C, are generalized Clebsch-Gordan Coefficient — Calculated in
Mathematica with GroupMath

|Ba’> - Z (Ca)il,jl,--.,iNc,ch |i1,j1;---;iNC,ch>

il,jla"',iNc ach
 Calculate the magnetic moment from wavefunction

2 . .
Bal 1By =ps, = 3 [(Cadiygrmimoiw,| () iy o+ (—1)e iy, ]

il)jl,"'aiNc )jNC
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Backup: Baryon wavefunctions

 Flavor wavefunctions are SU(N;) tensors. F) = (]—“7)::1’;;‘2’ ""”;V Odd N, =2m +1
Representation has multiplicit ’- )
p pHcity y A 5 W Even N, = 2m
m-+1y-- N¢
* Spin wavefunction identical to first tlavor S = F7¥ = (87 )il ’jm;jv Odd N,
m—429ee+ c
* Do so to match the multiplicities by the A\T1ses G
symmetries of their indices (S )gm+1, ey IN, Even Ne.

* Baryons are product of spin and flavor, B, = ZSV ® F7
summed over multiplicity

¥ J1,- ,Jm+1, 115000y bm+1

(B )Jm+27 *9 ]Nca Zm—|—2, ZNC Odd NC’
Y .717 a.?m)"'la ')'Ilm

(B )Jm+1, ) cha im—l—l,“'a 7:Nc Even Nc.
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Backup: Quark model generalized

(Nfa 2)1®7 co ey ®(Nfa 2)NC — 69 Mp(Rp,ﬂavon Rp,spin)

p
N;—3
, . N, —1 —4—
SU(Ny) irrep of spin-% baryons: (1, ,0,...,0)

* For Ny =3 2

b }NC boxes
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Backup: Proton Large N, Scaling

* “Proton” magnetic moment N, LB

* Two flavors, Iy = %

* Neutron is C conjugate — charged 3 (p+ —p)/3
when quarks are a double with zero 5 (5pq —2u—)/3
hypercharge

7 204 — p—
Agrees with fnucleon = O(N¢) 9 (Tp4 —4p-)/3
11 (84 —5p-)/3
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Backup: Results: Ny = 5, N, = 3

Quark content LB uB(p; — Q;)

91,93, 45 M3 0 )
92,93, 44 ©3 0 1
91,93, 95 % (201 + 25 — p3) 0 Qz — _01
42,93, 44 5 (2u2 + 204 —p3) | O _9
d1,94, 44 % (4ppa — p1) -2

42,92, 95 % (4pz — ps) 2
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