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 for quarks: frq = 0(10-2)

« for gluons: frg = O(1)

« 1-loop factor in the gluon term
IS absorbed into the form factor
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Two-Higgs-Doublet Model + a [Tpek et. al (2014)]
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spin  SU(2)r, U(l)y Zs
DM x | 1/2 1 0 —1
CP-odd mediator ag 0 1 0 1
two-Higgs doublets Zl 8 ; 1?; 1 see a white paper for more details
2 [1810.09420]
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[Ipek+ ('14), Arcadi+ ('18), Bell+ ('18), -]
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Our work (1) : two-loop calc for box-gluon

this replacement cannot be justified but used in [Arcadi et. al (2018)]

X X ' ’
, ¢ ) Xs a apv \?—7/
I | mQQQ = — G VG H | I

I 120 # |
Cl’j A : | a’7 A # a, A | : a, A

| ' ' l
° ¢

Q Q g@%Q%

2-loop diagrams should be calculated! [Arcadi et. al (2018)]

This procedure is justified
if the loop that generates the four-fermion interaction and the loop that relates the quarks to
the gluon-condensate factorize. While this assumption is reasonable for heavy new physics
which can be integrated out at energies above the top mass, it is not fully appropriate in the
scenario under scrutiny here since we are interested in m, < m;. In this case, the correct
top mass dependence of the effective dark matter gluon interaction is only recovered by a
two-loop computation of the effective dark matter gluon interaction [57] which is beyond the
scope of this work.

two-loop computation is the scope of our work;

26



Our work (1) : two-loop calc for box-gluon

this replacement cannot be justified but used in [Arcadi et. al (2018)]
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We calculate full two-loop diagrams for the box type diagrams

27



Comparison with
the previous works

['I;I} Fujiwara Hisano (2019)]

Yo,
9 C a apv
Legs D coxxG ., G
ST
m,=100GeV, my =600GeV
tp=40,g,=1,0=0.1
f a
I 2
I Sy
; Q
o . .
200 400 600 800 1000
mDM(GeV)

The bottom contribution is
underestimated in the
previous work

1 %1071

5% 10716+

2x 10716+
1x10710

5% 10717

2% 10717+

1x 107"

m,=100GeV, my =600GeV

t5=40, g, =1,0=0.1

—
>
PR}
Q)
Qv
Q
(D

o
L
—~
N
o
-t
00
—

— ——— e o
_ - e —

\ our l‘esu,t

200 400 600 800 1000
mDM(GeV)

The top contribution is
overestimated in the
previous work

28
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C, and C; vs scalar potential
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large C, and C; vs scalar potential
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large C, and C; vs scalar potential
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two-Higgs doublet model + fermion DM + aq
e freeze-out mechanism works
e Og; IS suppressed at the tree level
e |oop calculation is needed

We complete loop calculations
e the effect of quartic couplings (c; and ¢;) are important

cla(Q)Hle -+ CQCL(%H;HQ

We are trying to find upper/lower bounds on c¢; and c;
e large cl1 and c2 make og; large
e too large cl1 and c2 predicts electroweak symmetry is not
broken at the global minimum
e potential is unbounded if c1 and c2 are negative

38



REATEIF— (2019.10.2)

Tomohiro Abe (IAR, KMI Nagoya U)

39



yet another reason why it is not justified

even if mg < m, , we miss some two-loop diagrams

e Qg a a v .
meQQ = ———-G},, G We cannot obtain
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