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8*.1 EBSL NBUUES TDIFOBESXPIJOUFSFT

CFDBVTF %. DBO CF SFMBUFE UP 5F7
X1Jbl bPVME CF EJTDPWFSFE OFBS G\

There are many possibilities of setups
and many motivations

\ Interaction
given by the extension
\ 4
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BMNPTU BMM FYQFSJNFOUBM SFTVML
UIF 4. QSFEJDUJPOT

There are many possibilities for the BSMs,
but BSM may be very SM-like at TeV scale.

“Let’s consider possible and simple setups with DM, that do not
break the SM predictions so much.”

*O QBSUJDVMBS PBérmidh porRIMOMz |

XJUul + ,BXBNVSB 5 "CF BOE 4 OLBXB



Interaction between SM particle (fi) and DM (X)
in Fermion Portal Dark Matter Model

(Bai, Berger. 1308.0612;Wise, Perez 1303.1452;etc.)

K O (gflavor-dependent

i = X

SM charges /JF dark charge

Extra particle with SM charges and dark charge



Interesting and good points of this model

'bﬁx hq+'sﬁx SR+!dﬁX dr + h.cC.

|. simple!

EBEk— - - > 9
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Interesting and good points of this model

'bﬁx hq+'sﬁx SR+!dﬁX dr + h.cC.

2. No tree-level FCNCs
3. safe for EWPQOs because F is vector-like

4.There are candidates for the underlying theory:

flavor symmetric model (E. Ma,1311.3213; Okawa,YO, work in progress)

GUT (PKo,C.Yu,YO, 1601.00586)



Interesting and good points of this model

'bﬁx hq+'sﬁx SR+!dﬁX dr + h.cC.

5. many observables relate each other!
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Interesting and good points of this model

'bﬁx hq+'sﬁx SR+!dﬁX dr + h.cC.

5. many observables relate each other! o
2j(b) +missing
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Recently, DM constraints getting very strong!

Indirect detection direct detection

~23  (Cuoco etal, 1610.03071) ]0_42
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(Refs. Cui, etl.al. 16 10.03840; Cuoco et.al, 1610.03071)

We consider complex scalar DM and fermionic F, which mainly couples to bottom quark.

(1612.01643 with |.Kawamura,T.Abe, S. Okawa,YO)
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a simple DM model with a down-type partner

Extra down-type quark and DM

Fields  spin SU(3). SU(2)L U(l)y U(1)x
Fr, 1/2 3 1 —1/3 |
Fr 1/2 3 1 —1/3 1
X 0 1 1 0 —1

Yukawa couplings

yiQrMu%, +yiQrHd% + h.c.
scalar potential



DM (X) interactions with SM particles
through

JJHHT FYDIBOHJOHYUSB RVBSL FYDI

i FLX dk
An X [PH |2 (i = d, s, b)
Er——g 9
9 .
) JHHT-
...... < F
Ss 9
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8 parameters are fixed by observables.

" NBTT ura

%. NBTT my

| FLX dy | b

(2 = d, s, b)
Re(! )
Im(As)
Re(Ag)

Im(Ag)

M| XPIHP Al
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8 parameters are fixed by observables.

SFMFWBOU UP EJSFDU

%. QIZTJIJDT pHOE o9

Re(! s)
Im(As)

Re(Aq)

Im(Ag)

M| X?|H|? AFF EJSZFSFODF XJUI )JHHT



8 parameters are fixed by observables.

SFMFWBOU UP EJSFDU

%. QIZTJIJDT pHOE o9

Even ifAs andAd are small,
[3avor physics is sensitive to new physics!

M| X|?|H|? AFF EJ$SZFSFODF XJUI )JHHT



8 parameters are fixed by observables.

SFMFWBOU UP EJSFDU

. QIZTJDT pPpHOE 9

#T #T NJYJOH

, », NJYJOH
#E #E NJYJOH

Mgl XPIHI* (Am ) 4FF EJ$ZFSFODF XJUI )JHH]



8 parameters are fixed by observables.

SFMFWBOU UP EJSFDU

. QIZTJDT pPpHOE 9

#T #T NJYJOH

predictions!

#E #E NJYJOH

AFF EJSZFSFODF XJUI )JHHT
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WISEDU %Y FUEDUJPO PG
XENONIT covers this region.

t-channel is dominant T A U= A
as far as \g < 0.1 ,G% 5 :
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The most important processes are AF=2 processes

B, — B, mixing B, — B, mixing



Observables in the AF=2 processes

B, — B, mixing B, — B, mixing Ky — Ky mixing

AMa  Syxk AMg S | My L

If DM and F are observed, there are only 4 parameters in our scenario.

Re(Ag) Im(Ag) Re(!s) Im(\s)

| expect that this model can be tested by flavor physics.
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Let’s see a sample point!
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AF=2 processes in the compressed region: (mx, mr, Xy) = (900GeV, 964GeV, 0.66)

B, — By mixing By — B; mixing
Sys and AMp,/(AMgg)sy With Qh*=0.11 (15=0)
LU U e T T T

I T

Syx and AMpy/(AMgg)sm With Qh*=0.11 (15=0)
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~10 % error still exist. (CKMfitter,1309.2293,1501.05013)



AF=2 processes in the compressed region: (mx, mr, Xy) = (900GeV, 964GeV, 0.66)

B, — By mixing Ky! Komixing By — B; mixing
Syx and AMpy/(AMgg)sm With Qh*=0.11 (15=0) Sy and YMpy/(YMp,)sm with +h?, 0.11 (* 5( 0)
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~10 % error still exist. (CKMfitter,1309.2293,1501.05013)

We find predictions for the deviations of meson mixings.
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~&YQFSIJNFOUBM SFTVMUT BSF WFSZ DPC

5IFSF BSF NBOZ DBOEJEBUFT GPS #4.
CZ %. NZTUFSJFT PG 4. CVU XF OFFI
4. MJLF #4. BSPVOE b5F7

~* N EJTDVTTIJOH TINQMF %. NPEFMT XJU

AfF_fXTfRi + )‘{/F—ZJ::XTfii (f=ed,u; ff=Q, L)

5IFTF DBO BWPJE DPOTUSBJOUT GSPN &
'$/$T BOE EJSFDU EFUFDUJPO PG %.



~*0 QBSUJDVMBS XF GPDVT PO TDBMBS %
QBSUOFS z

~5IJT TFUVQ DBO FWBEF UIF TUSPOH CPV!
EFUFDUJPO CVU XJMM CF TEWFSFMZ DPO
PG UIF EJSFDU EFUFDUJPOT

We are looking forward to XENONIT results!

~5|IF DPOTUSBJOUT BOE QSFEJDUJPOT GP
BSF TIPX@FaDBO pOE DPSSFMBUJPOT BOE

&1 %
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“Fermion
Portal DM”

(Bai, Berger. 1308.0612)

“Vector-like

Portal”
(Wise, Perez 1303.1452)

“Flavored DM”

(Bhattacharya,London,et.al,
1509.04271)

Ibarra, Wild
et.al,1511.04452

This talk

List of DM (X) models with partners (F)

Dark Matter
( X)

DM mainly Structure of

couples

Yukawa

Other Refs.

|I&SZFDUJWF 8*.1

| 4 ;

'FSNJPO —
| VQ RV B S )\ FUXTU $IBOH FU BM
DPNQMFEY ut LA TR b HBEL BV
$PNQMF| RVBSLT| )\ F/X fp | sens
L (JBDDIJOP
. ,JMF 4POJ
'MBWPS DI 7 #BUFMM FU BM
BMM RVE A FL X fri|lanrosn ru on
TDBMB S (i, j = flavorindex) | SHSBXBM FU BM
3FBM TDE MJHIU RV )\ Fi1X, qg
d YT 70
Complex NFeXTdy,

Scalar

bottom quark
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