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* DM couples to three flavors

* Direct detection
* interplay between H.P. and VLP
« RGE, threshold matching

* DM couples to heavy flavors
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« Summary



Why Flavored DM?

* Main components in (p,n): gluons & light quarks

* No confirmed DM direct detection signal
 constrained coupling of DM to gluons & light quarks
* blind spot: cancellations in scattering amplitude

 Favored channels when fitting astro- anomalies
* bb, 1T are favored, up to astro-uncertainties [Hooper et al]

 Theoretical model building  iagrawal, ilic et al]
+ flavor symmetry in dark sector, MFV...
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In this work

we consider a real scalar DM, coupling to {U; = ug, cg, tg} via a vector-like fermion
portal Y

three DM-U;-y couplings {y,, v,, y3} reflecting flavor structure, receiving DD
constraints with different strengths.

vector-like fermion portal ¢ (VLP) can radiatively generate Higgs portal (HP)

both twist-0 (scalar-type) and twist-2 operators are considered

RGE effects and heavy quark threshold matching are addressed



Enew — Efermion + Lscalar + EYukawa:

The mOdeI Lfermion = QE(ZlD - mw)w,
1 1 1 1
Localar = 58“5%3 - §m%i - 4—!>\SS4_— §ASH52H2,

 DM: real scalar S Lyukawa = —Y1SVLur — y2SYrcr — y3SYrtr + h.c.,
* Vector-like (VL) fermion ¥, my, > mg g

. (¥, U;) same quantum number ,

« no chiral anomaly (2 7
. 7, parity to stabilize DM: S, are odd \

* no mass mixing (S, H), (¥, U;)

 Br (l/) - SUi(*)) = 100% u,c,t

« LHC searches for VL (T, B) do not apply



DM-nucleon scattering: General

0L = ¢*mydq
D S q Y
*UErpT~MyZ Lo = E C 057 P

_ 2 ~YAuv ~A
(’)g: qu“GW

P=4q.,9 @

042
e RGE €400 = (o) ~ 40§ (10) 50 (3 (1) = m0))

Gy Blas(w) az(mo)
$ 0= EE S
* Quark thresholds C(pp) | ny=1 = C&(1) | N;=5 »

[Hisano et al, 1502.02244]

1 11
@ CS (1) | Nyp=1 = T [1 + 4—043(/%)] CS (1) In=5 + CS (1) | N =5
* Uhaa~1 GeV "
L) NN, oo (M i )
f ¢ y 0 = <M+MT |npfp+nnfn|
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DM-nucleon scattering: This model

e Both HP and VLP contribute, we consider amplitudes up to O(yl-z)

* active d.o.fs depend on ugrr, we compare Ugpr~my With Uppr~Unagd
S b S S b S

h Portal : I

i N
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L mAm
U, C u, c g g
S S S S
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AN / Y (iii)
Y Portal : > v g
u,c,t
{0000) {(0000)
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DM-nucleon scattering: This model

* We include both twist-0 (scalar-type) and twist-2 operators
« destructive interferences between twist-2 up quark with twist-0 gluon
» twist-2 gluon Wilson at 0(y?) coefficient suppressed by additional a/m

0% = S*m,dq
_ P AP P AP S q49 >
Lefr = Z CsOg + Z Cr, O, 0 2O A A
P=q,g P=q.g Og=S5 - — GG, ,
’ 8 v
fN/mN — Z Cé’(#had)fj(”iv) - §Cg(/ihad>fj(”g) O%Q = m—SZ@“’La Soqy
q=u,d,s S
q 3 g .
+ - ZCT q(210) +9(2 )] = 707, (0923 1)

) = (NlmyqqIN) /my

1 1 1
q(2; 1) :/o dr x q(z,p1) . q(2;p) :/o dx x q(z,p1) , 9(2;p) :/0 dz z g(x, 1)




Higgs Portal at O(y;) : only generate twist-0

* radiative corrections from vector-like 1 portal, mainly top quark y§

1 1

1 1
Localar = 50"S0,5 — 5m§52 - Ixss‘l - §2H2,

Lyvukawa = —Y1SUur — y2SvUrcrl— y3SYtr|+ h.c.,

m 1
A = ) (=8)yz N UUk )? 62 (4000 +m(Ch1 + Ca2) — 2"71%012),
k=123

_ 2 2., 2 2 2
Cij = Cij(mg, 0,mg; my, mg;, ,mg, ),

After proper renormalization

1
0 — Mg + OAgH + Aoy + A (502 + 625 + 6v)
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Higgs Portal at O(y;) : only generate twist-0

* radiative corrections from vector-like 1 portal, mainly top quark y§

my, 1
A = ) (=8)yz N U’”)2167T2
k=1,2,3

(4000 + m%(Cn + Ca9) — Qm%Cm)a

_ 2 2. 2 9 9
Cij = Cij(mg, 0,mg; my, mg;, ,mg, ),

After proper renormalization

1
0 — Mg + OAgH + Aoy + A (502 +0Zs + 6v)
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Vector-like ¢ portal at 0(y?) : both twist-0/2

* DM-gluon loop coupling: Short / Long Distances are distinguished

- ’ A 4
A ' ¢ A L4
. L4 LN P
[N ’ - 4
. .
N 4
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Vector-like ¢ portal at 0(y?) : both twist-0/2

* Asumming s g
- top, fully integrated out, generates {03} R I N A
» up/charm, active d.o.f, generates {0;, 057, } A A
t P
g g LD+SD 4 (79 SD T 2 )
Csvip = Csvrpli + C5viplue - LD~m, SD~my,
1
LD+SD Y b
Coviple | = Z?S(fﬁ) + £+ fic)>(m5;mt,m¢) )

1y12 b c
Cviplae E 175 ( i)+fi))(ms;mu,c,mw),
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XENON1T bounds on separate {y,, v, ¥}

XENONLT bounds on y;, with y,,, =0, m, =0.1 TeV
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XENON1T bounds on separate {y,, v, ¥}

2.0

XENONI1T bounds on y;, with y.,;,=0, m, =0.5 TeV
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XENON1T bounds on separate {y,, v, ¥}

XENONIT bounds on y;, with y,,,=0, m, =1.0 TeV
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Bounds on y; and H.P. are strong

» Both are well studied and strongly constrained

| Scalar DM [1512.06458, Beniwal et all [1511.04452, Ibarra et of) Coupling to ur

TTT]

- QS/ QDM =1 ‘

- LUX (2013) i 1 10
XENONIT

0.1

45 50 55 60 65 70 0.01
mg (GeV)
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VLP through heavy quark flavors

* By setting y; and Higgs portal A" to be negligibly small, we focus on
DM-charm/top interactions {y,, y3} to explore surviving status.

LD —yQSEcR — y;;SEtR + h.c.

* This can be realized in the framework of Minimal Flavor Violation.
[1109.3516, Agraval et al; 1501.02202, Kilic et al]



Combined results
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— m m
Y3 = 0.5 m5~7t ms~500 GeV m5~7t mg~500 GeV
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Summary
* No confirmed DD signal, DM may couple weakly to gluons & light quarks.

* we consider a real scalar DM, coupling to {U; = ug, cp, tp} via a vector-like
fermion portal Y. XENONL1T constraints on {y4, y», V3} through pure VLP
are in descending order, which may imply flavor structure in DM sector.

* RGE effects and heavy quark threshold matching can be significant for
{v1, V- }. Radiative HP constraints on {y3} can be strong.

* For exclusive DM couplings to heavy quarks {c, t} with y,, y3~0(1),
thermal relic DM with mg < m; is almost excluded, surviving top FCNC
Brs < 1077 still allowed in current bounds.



Thank you for your attention



Back up slides
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Short / Long distance decomposition (SD / LD)

* Two mass scales in DM-gluon loop: m ;4. (LD) and m; (SD)

SEAVENE T

falg = fald® + fal2” . L
%*3 m

ﬁ ﬁ_

(d)

* loop momentum integral separated into:
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% q/Q
L a
SUSY case 0f=—=ya,a" b
a/Q
L = qlag+bgys)xq+hec. .
(c)
Jo = chJD‘q+ f(If:D‘Q w08 -
qga:ll Q;),t L= mf] ( BE ’ )) :
fs _ m% B(1,4)
(0 CL2 —|—b2 a2 — b2 - q 0 ’
SD S s s
Pl g (e ) e
fLD| L g Clg—l—bgM ) n a,g —bgm fl fl_ — B(()3’1) +m§ B(()4’1) :
G g — 47_‘_ 4 + 4 qJ —

SD is characterized by q;40,~m; i (p+ q)2 — m2)"(q —m2)™

LD is characterized by q;40,~m, / Uy

higher energy @ shorter distance
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