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*

*

Top partner-resonances phenomenology'

Modelling top partners-vector/scalar resonances interplay.
Vector/Scalar decay channels.
Heavy spin-1/spin-0 production.

Top partners production mechanisms.

Dark matter issues'

Eluding XenonlT DD experiments in a vector dark matter scenario.

Invoking New Physics from a Composite Higgs to evade DD bounds.
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Composite Higgs'

Appealing alternative in healing the hierarchy problem.
Minimal SSB SO(5) — SO(4) at scale f

4 massless PNGBs = SU(2), Higgs doublet

PNGB:s:
U =exp [l\? nri
T': coset SO(5)/SO(4)-generators M’: PNGB fields.

Explicit SO{5) via couplings to: SM fermions + gauge bosons.

: 2 :
Tunning level = £ = & controls low energies SM departures

EPWTs — ¢ = {0.1, 0.2, 0.25} ¢ f ~ {800, 550, 490}GeV
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Composite Higgs'

A mass

[composite resonances my = gof + ~3TeV ]
[Iight fermionic resonances My = {TG\D ]
[Higgs - pNG boson mp 126 GeV]

4/54



Matter sectors'

* Massless elementary fields: SM field sector g & no Higgs
* 'Massive composite fields: Higgs + composite resonances

* Partial compositeness = elementary-composite mixings

5

u

Loy = Z y 304 Og4 shapes embeddmgs{ qL’ R
qL ) UR
massless SM fields massive composites

mass generation:

tr : tr
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Top partners'

U
T X513 _
B). Xon) 1 T

* Myyq = {Mays, May1a, Miys, Mg} q shaped by O,

M4(1) ~ g4(1)f & M4(1) ~05—-15TeV & 1 ,S 8a(1) ,S 3

SU(2), x SU(2)g - resonances

Spin-1 Spin-0

pL=(31) + pr=(1,3) n=(1,1)

m,~g,f & 1<g,<4rm 6/54



Matter interplay'

Fermion currents — resonances couplings
Spin-1 Spin-0
Qi
Fermionic 2nd rank tensors — resonance strength

Spin-1 Spin-0

f,\r;igpx fﬁx JW puvy + h.c. No couplings!

i={q, ¥, q¥, u} «a;j, aX, BX weighting coeffs.
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Vector—fermion interplay

My14

M (UTﬁF v T)Sj " (UT qF U)'s

J
Ty = Varh TV,
Thy = (UTE}4 u T)Ej yH (WarY

Th = (ﬁi ?U)j o (War)

Ty = Ve oM TWgg

uv _ T-14 uv i
ghy = (U gl ur)si oMY (WaR)

gy = (% Tu), o (vay
Ty = a ot Tug
M5 I Mii14
_ 5 o uT S w_ (T 14 " 714)
TE=@ AT It (U gt UT)sj'y (U atu)

= () 2w

74 = (3 0) o wis
T = Fo T

J. Yepes and A. Zerwekh, Int. J. Mod. Phys. A 33 (2018) no.11, hep-ph:1711.10523.
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Scalar—fermion interplay

M5

My 14

T =T " q

T = T ot
Th = Vet vy

(5? U)j yH (War Y
5 i
Thy = (UR U)J_ 7 (VarY

g = (7)o (),

Th = Vet vy

T 14 j
Taw = (U aL U)SJ.’Y“ (VarY

Ty = dry* ugr

Miys

Mii14

Ty a A q
5 5
Ty = tp v up
Ty = V19"
o 5

Ty = (q5 U) yH Wy

L
ty = (V)" v

g = (UTH}A U)Sj " (UT qF U)js

]5:W1 yH Wy

wo_ (T <14
Ty = (U q; U)SS’Y“ Yy

Ty = TR ViR

S. Norero, J. Yepes and A. Zerwekh, hep-ph:1807.02211

9/54



Comments on p and \If—productionl

Spin-0 & spin-1 resonances impact on PNGBs scattering: Contino
2011 et al.....

Heavy triplet resonances impact@ LHC in:{/T/=, lv;, 77—, jj, tt}
& {Wz, WW, WH, ZH}: Cércamo 2017 et al., Shu 2015-2016...

Vector resonance mass ~ 2.1 — 3 TeV.

Stringent experimental constraints on W4 and W; from direct
searches: S. Chatrchyan et al. 2014.

Pair production mechanism driven mostly by QCD interactions —
My 3~ 800 GeV & My 3 ~ 700 GeV.

Experimental searches: for singly produced partners & searches for
pair production = Bounds on singly produced partners: De Simone
et al., Azatov 2013, Matsedonskyi 2015.... 9-plet case analysed

mg 2 1 TeV: Matsedonskyi 2014.

10/54



As example: Heavy spin-1 production

7 10
ff‘,- (gfoLp? P+ B i PR) f.

_ - =+ L, 0=
ZL £ = “f‘i (g“LdLP? PL +g“RdRP?r PR) d + hec, ff

Spin-1 decays
*  Fermionic channels

1

_ 1+ 24+ /
Lot = — 7 dexf (gXLpr+ PL+ &xppppt PR) f+ Xf (gXLX["+ P + &xpxt ot PR) X :| +h.c.,
—

Xfp

_ ) )
Ly = fz xfé (gXLpro PL+ Bx 0 PR) f+he + xfﬁ (ngpro PL+ Exxp 0 PR) X,
—u
* Gauge & Gauge-Higgs modes

. (1) + —p v (2) - 4p v 3) e Y
“("ppiWZfl<gp+WzPHVW zv — p+WZW"LVp z +gp+WZZ P, W, + hec ),

) + o=k v i (2 0 p -
ngWW =i (ngWW W;w w P + he ) + EngWW Puv w w—",

_ + o= 0 zu
ZLoVh = 8t wh (Pu w-mh + h'c') T 80z, Pu L hs 11/54
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a(p p~ pi) (pb)
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Heavy spin-1 production

14 TeV 14 TeV

a(p p > p3) (pb)

a(pp = ) (Pb)
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Setting @ = 1 @ /s = 14 TeV.

J. Yepes and A. Zerwekh, hep-ph:1806.06694
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a(p p~ pi) (pb)

a(p p- p) (pb)

Impact of a7 - p
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Comparing two different situations o = 0,1 for £ = 0.2 @ /s = 14 TeV.
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p-Branching ratios

Bript -+ X

- / 106
1075 TS 70 35 30 10 15 20 25 30
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1 1
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g g
T T
2 4
2 0001 20001
107 107
199 s 20 25 30 199 s 20 25 30
M, (TeV) M, (Tev)

Comparing two different situations o = 0,1 for £ = 0.2 @ My, 5
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Yielding top partners I

QCD-driven+SM gauge-Higgs mediated-+ intermediation of p* & p°

Double production' Single production'

g X u,d X u,d qg u,d u,
g v+ u,d
g X a,d X g d,u 8 q
u,d X u,d X X u

O

vE = Wi, pli2 & V0 =27 4, P?,z q any up/down-like quark couple to X = {T, B, X2/3, X5/3, 7:}

,d X
¥
q i, d q
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a(pp - B B) (fb)

(pp — X213 Xz3) (fb)
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Top partner Double production
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(pp =T T) (h)
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Comparing two different situations o = 0,1 for £ = 0.2 @ /s = 14 TeV.
J. Yepes and A. Zerwekh, hep-ph:1806.06694
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o(pp - 17) (fh)

a(pp = t Xz3) (fb)

Top partner Single production

0.8

10 12
My (TeV)

0.8

10 12
My (TeV)

Comparing two different

—_— =00
———a=10
g
=
1
5
¥
14 0.6 08 [ 12 14
My (TeV)
g
€
=
T
g
g
14 0.6 08 10 12 14

My (TeV)

situations a = 0,1 for £ = 0.2 @ /s = 14 TeV.

17 /54



(My, €), M, =3 TeV (M,, €), My = 1.25 TeV
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00 1y on) s '
P i T ST
M, (Tev) M, (TeV)

Top partner searches bounds (CMS-2018) via top-like decays into Wb for o = 0, 1 (thick-dashed border). 18/ 54



M, (TeV)

(My, M,), € =0.2

10 : - 06 08 10 12 14
My (TeV) My (TeV)

CMS bounds (A. M. Sirunyan et al., 2018) on top partner searches through decays into Wb final states imposed

J. Yepes and A. Zerwekh, hep-ph:1806.06694
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SUMMARY

Interplay among three matter sectors:
SM elementary fields + top partners
W,-Wy permitted by SO(4) +

vector /scalar resonances p/n of
SU(2), x SU(2)g in a SO(5) CHM.

p coupled to: SO(5) J+ + JH.
7 derivatively coupled to J*.

Heavy spin-1/spin-0 production &
decays thoroughly studied along
M,/ M,,.

pE-p° dominantly yielded at My,s.
Oprod ~ 400 pb (20 pb) & ~ 600 pb
(10 pb) at M, ~ 0.6 TeV (3 TeV).

* 1 dominantly yielded at My, s.

OProd ~ 150 pb (0.1 pb) at M,, ~ 0.6
TeV (3 TeV) for £ =0.2.

p-production increased by a 7 - p.
Two situations tested a = 0, 1.

n-production slightly altered by
aJ - 0n (GB f-suppression).

Double-single partner final states
computed. Impact of extra couplings
analysed.

Involved parameter spaces explored
by imposing recent CMS bounds on
top-like searches. Extra couplings
restrict them further.
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TACKLING DARK MATTER

* Vector dark matter (VDM) X -+ scalar mediator 7.

Lx = —gxnMx X'Xin —in gyqd159.

q
* Loop-level scattering cross sections
q q q q
LT =
I I Log !
i 11 m 11
m m
X X X X

* Z gxngnqcl?aop XJX“c_]q = U]S)IMN “DMN|C(MX7 n)‘2

Mx mpy

2
N 2 2 2 N _
C(Mx, My) ~ §q 8Xn 8ng N o7 TG C(Mx, My, mq),  fpg ~ 0.89 & upyN = My 1y

21/54



TACKLING DARK MATTER

- . uv . L
Pseudo-bilinear couplings g,,q <= SO{(5) via mass mixing terms:
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TACKLING DARK MATTER

Pseudo-bilinear couplings g4 gﬁ@{%’)via mass mixing terms:
* Layn =1 {qu (ﬁfU)i (War) + Yuyp (E??U); (War) + g (EEU)S V1R + Vuy (??;U)S ‘VlL] +h.c.
_ ¢ (nR Im(yqy) — nL (nf + 1) Im(yw))
Mats : &na =/ (2 +1)72

¢ (i mGuy) — g (7 + 1) Im(Fqu))
Miis:  gng = \/; (ﬁ2 N 1)3/2
R

¥ 2l =nlvew (UTV), Var) + e (V) ok + Ty (), WiR] + he

(i7]L7]R Re(ygqy) — (ﬁf + 1) |m(}/qu))
(p+1)3/2

Mitig:  gng = —V2&\/7% + 1 Im(yqu)

Myi14 1 gng = V2€

s

* _ yumr)f ~ _ Jumf ) ; ) )
77L(R) = My & nL(R) = M = with y, 7 from Yukawa int. alike Layn ‘Zq,'dm'

J. Yepes, arXiv:1811.06059. 2254
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Im(y) = Re(y) = Im(y) = 1/2 & yg = yg = 1 & y; -y properly fixed to conserve m; (fermion rotation)

J. Yepes, arXiv:1811.06059.

23 /54



M, (GeV)

My (GeV)

140

120

100

20

140

100

60

2000

v Floor (My = 1500 GeV)

4000 6000
My (GeV)

10000

i (My = 500 GeV)

2000

v Floor (My = 1500 GeV)

4000 6000
My (GeV)

5000

10000

Parameter spaces (My, M,)

My (GeY)

My (GeV)

140,

120

100,

s0
60
XenonlT (My = 1500 GeV)
40 et o
20
H Mai1a
o
o 2000 4000 6000 5000 10000
My (GeV)
140
120
XenonlT (My = 500 GeV)
100
60 Cravaseseseneen

XenonlT (My = 1500 GeV)
20
M4

o 2000 4000 6000 5000 10000
My (GeV)

Dashed-dotted bordered areas stand for the 1o-20° XenonlT values.

J. Yepes, arXiv:1811.06059.
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Remarks

SI :
M5, My 14 M5 suppress oy more effectively.

For a large My, g,q in M1,14 involves a suppression only
from the &-dependence, unlike to the others whose
suppression is directly enhanced by the contribution of the 7
and fj-parameters.

My ;14 is disfavoured in eluding the latest DD XenonlT
bounds.

Future observations will help us in discriminating the best
framework among My, 5, M4y 14 and My 5 for the
explanation of the DD experiments.
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SUMMARY

Loop-level U]S)IMN in a simple VDM model.

Scalar mediator coupled to vector dark field and to the SM
quarks via pseudo-bilinear interactions.

Dark matter-mediator masses bounded by the latest DD
experiments.

Effective mediator-quark couplings suppressing O’%IMN — DD
XenonlT limits eluded.

NP from CHM responsible for such suppression. Top partners
mass scale suppressing the effective pseudo-bilinear couplings.
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Matter sectors'

* Massless elementary fields: SM field sector g & no Higgs
* Massive composite fields: Higgs + composite resonances

* Partial compositeness = elementary-composite mixings

Eg\,f( = Zy G0Oq Ogshapes elementary embeddings
9 )
5-plet 14-plet
idy 0 0 0 O 0
1 d 0 . 1 0 0 O 0
X 5 4
— | juL | up = 0 g =—110 0 0 0
V2 |y 0 V2lo 0o o0 o
0 ur Id/_ d[_ iuL —ur

id;

dr

iUL
—u
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Top partners'

4-plet Wy + singlet Wy of SO(4)

iB—iXss3
1 | B+Xp =
V= —"—1. : Vi =
4 \/5 IT+ IX2/3 ’ 1 T
=T + X3

* Myiq = {Myys, Mgy14, M1y5, M4} g shaped by Oy

*

Vector resonances I

Spin-1 o = (3,1) + plt=(1,3) of SU(2), x SU(2)r

Parametrized by a mass m, ~ g,f & 1< g, <4n
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Fermion—vector interplay'

* Fermion currents coupled to spin-1 resonances

1
Mt py \[a Th (pux — enx) + hec

* Fermionic 2nd rank tensors coupled to resonance strength field
ma 17
$M+gp _*5X~7# puvx + h.c.,

i={q, ¢, q, up} «af and BX weighting coefficients.
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M, 5 and My, 5 coupled to p

Lelem = iﬁL}ﬁth + "HR}ZfUR,

_ _ £2 . .
Leomp = i U7V, — MgUaWy + (Vg © Wq) + sz + (iC41 (Wa) " dl, vy + h.c.)

with V standing for V = }Z‘ + i%. The mass terms mixing the elementary and top partners are described via

Lmix = yLf (ﬁ U)I. (Var) + yrf (F;'? U)l. (War)" + he + ,3uf (EE U)5 Vir + Jrf (E?? U)5‘U1L + he

M. 14 and My, 14 coupled to p

Lelem = "EL}Z{QL )

whereas the composite counterpart is reshuffled as

Leomp  —  Leomp + "ER,”;”R + ("541 (Wa)' Y d, W1 + icay (Wa)' v d),ur + h-C-) ,
The elementary and top partners sector are mixed via

—14 i - _14 —14 1
ymix:ny(uth u)l_5 (War)' + ny(thL U)55 Wig + ny(uqu U)55 uh + he
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M,.5 and My, 5 coupled to 1

Lelem = iﬁL}ﬁth + iﬁR}éUR,

_ _ 2 . .
Leomp = iV, — My Uy + (Vg > W) + sz + (fC41 (Ta) yHdi, vy + h.c.)

Elementary-top partners mixing & trilinear couplings fermion-fermion-scalar

Lrmix = yL.f (ﬁz U)I. (WaR) + yrf (F; U) (War)' + he + 7 f (ﬁi U)5 ViR + JRF (ﬁfe U)5W1L + he.

i

L = [qu (ai U)I_ War) + Yuy (F;; U) (War)' + hc. + tildeygy (?Z' U)5 ViR + Fuy (af? U)Swu + he

i

My 14 and My, 14 coupled to 1

Lelem = iﬁL}éqL ,

gcomp - gcomp + iﬁRﬁ ug + (i C41 (64)17“‘1;‘”1 + icay (WAI)I'Y“d;LUR + h-C-) s

Elementary-top partners mixing & trilinear couplings fermion-fermion-scalar
Lix =y1 f (Utﬁr U),.5 (Vag) + o1 f (Utﬁr U)55 ViR + yrf (Utﬁ? U)55 ub + he

L = [vqu (VA V). (War) + Fou (U'TU) Y1k + e (U'ELU) g + hen
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Dim-6 operators'

M5

My 14

3
ng/),- =Jq Tqyp

4

1
ow-taia, ol -z 1
Ogg) =3J9q97q
Ogp = ‘Zq Ty
1) _ 2) _ (@] =5 Ty T,
ol > Tow Tav 0% =Ty Tuy b =20 Tv
o u); =JqTqy
1
) 1 @ Ow = %*7‘71/) T
Oup = 5 Juw Ty Oquy = Ja Tung O = T Taqu
2 2
ot(ﬂl)’ =Jq Ty Ox(;u)w = Jqv Tuy
Mi:5 Il Mii14
1
Oqq = > Jq Tq
o _t, 4 L
qy T 5 ey Yav Oqq = 53 JqTq

O(z) =JqIqy

qy
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Wilson coefficients.

Myis Il Miis
Cupu, = 56— 1) [4ma aby + (ab)+ af (sniafy + o )] o = 5(E—1) {(aé)2+ (a?)z]
Caa = % {—waqaqw ~ (ob)" = af (40l + aq)] <o =5 {(aé)z + (a?)z}
=~ (€ =2 [emabal, +3 (oh)’ —of (smafy +of)] || cwn = —3e =2 [3(ah)" -~ (oF)’]
Mg 14 I M4
Cupu = 5(56 — 1) |4n abal, + (0‘5)2 +oaff (477L°‘§w + 0‘5) Cuguy = §(56 — 1) (O‘é) * (D‘qR)z
capdy = 5(26 —1) [4n afal, + (aé)z +af (4"7L0‘§1/, + aif) cad = 326 — 1) (aé) + (%R)ZJ
~40¢ =2 [12i0faby, +3 (o)” — of (amafy +0)] || ayq = —d0e=2[2(a)" = (of)°

Cupdy =

Before fermion mass diagonalization & up to O(n) and O(¢)
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Top partners EOM: My, 5 + M1+5I

LH components &
TL—>—Z > ltL, Xs/3,0 — 0 T — - tL
ng+ 7] nL+1
B, —0 Xz/syLﬁéLq
4 /n?+1

RH components

/ - £ iR
Tr — tg, Xs;3r — 0, TR = —Z = R
nL + 1 + 1 2 fipg+1
. 3 R
Br — —fig bg, X2/3,R~>71/57t,?
fiz +1

with yurf _ YR _ urf _ ur)

(R) — =— NLR) — = —

My & My &1
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Top partners EOM: My 14 + My 14

LH components5 € ;. - V2§ . 2 [
M2 T, X =0 Tio - == (i — g — miR )t
4 np+1 1/7]f+1 1
IS 3¢ L
B = —= — by Xopz, — —2711
22 +1 4 1

RH components

ViR +1 My . .
TR = —V286 —5—— L W, R nR ) R X530 =0, Tr— —firtr,
n 4

2
2+1
Bgr — —fr br Xa/3,R = 0
with yrf _ YR ~ urf _ ur)
NURY = —, — = — > MRy = —; — = —
) Ma & *® My a
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Mass matrices for the top-like and bottom-like sectors

fVEy
0 Mrew ra-$m -DOR
_ Ve _
f\/gﬁ My 0 0 ,
YR _
v 0 My 0
VT — Er 0 0 —My

~\T
being defined in the fermion field basis (t, X2/3 T, T) and (b, B)T respectively. After diagonalization the

physical masses are

€ (fiL irRM1 — nLnrMa)? -
my = > — , mz = My\/ii% +1,
2 (vt +1) (% +1)
my = Mg\/n? +1, mx2/3=mx5/3=/‘/’4,
where the parameters NL(R) are defined through

_numrf _
MR) = T LRy =

Physical fermion masses: 5-plets embeddings

2

ni+1
mp = My ~2L ,

fip +1

38 /54



Physical fermion masses: 14-plets embeddings'

Mass matrices for the top-like and bottom-like sectors

—V2ZI—8E&yr 36+ VI-E-1y 3 (-26+VI—-E+)y —FV20-8E&n
0 0

— My
0 0 — M, 0
0 0 0 —M

while the one for the bottom-like sector becomes

(5 “5)

The corresponding physical masses are

& (Myii i + Mang)? My n?+1
my = - = mp = My >
fip +1

(+1) (R +1) m%f,/ﬁffrl’

mT:M“/n%Jrl, m)<2/3:mX5/3:M4,
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Physical fermion masses'

My (TeV)
20 o (TEV)

Spectrum of masses and their dependence on the NP scale
My = My = My for the fourplet (left) and singlet cases (right), for
& = 0.2 and setting . = 1R, L = Mr.
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Some effective couplings

Concerning the set gfr,) and gxx, we have

IRYqup NLYqp

gttn =0, 8bby = —F————, &TTn = )
(n+1) (i +1) v+t

gy = NYqy ) 8x/3%) 31 = Ex53%53m = O
() (o

For the set & fn and 8x; X, n one has

n (ayn +2aqy) + ag o — s = L (nLog — 2aqy)
Var (o) o = ssumn = TS

3

8tytyn = 8b byn =

& = & Zal
%2/3.%2/3," ~ ¥%5/3,%6/3," = Var

The degeneracy among some couplings are spoiled once higher &-order terms are considered. For 8fpfrn and

8XgXpn We have

u ay ik

Xy
Btptpn = ———7 . N Ebpbrn = T 7.5, N’ ETRTRT = /37 °
7o () e Vit (1) R



p-low energy efFectsI

*EK m,, < A=-integ. out p E:OM> pﬁ ~ Z, af%&jﬂ

P EOM § X X p X X X X
$M+px Oé X O OIJZ‘Z \7]

ij?
PX

. . EOM .
* Maay < m, = integrating out ¥ EOM, o elementary fields

mag P EOM Z 1 Z mag mag
IMtpe T Ly, ot ¢ O; 2D oy,
14

Ouu = (@ yu ) Oud = (G v ur) (v d) Oda, = (doudi)®

mag __ = _uv
O7*% =do"™ uA,
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Flavour & AF =2 operators'
FCNC processes mostly constrained by the down quark sector

1o - _ . UB)e, kj =0
2 Cd Oda — 5 (Vikmiz Verms))® £ <d; dy [divudjlldiv® dj]

2 2
UQR)ge & UQ)re » Kij =1

2 -7 2 —6
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Compositeness constraints'

Light quark compositeness related to the one of the top quark

1 = ~ 1
0% = @v"a)@uar) ~ {Oup u; Ou dy» Odyay } = Cuyu =2Cyd =Cdd = <)
(1) o A
(’)qq => jet's angular distributions departures

N cuu & cdpdp S {1:2,0.6, 0.5} x 1078

Wilson coefficient bounded as (5.0 Te:V)72 = ng

=

cu aq; S {0.6,03, 025} x 1078
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Fermionic EDMsI

i _ L=
w w +£€p,1/pa W:{WV AP? = Af = —idru(p2) (7}“,q"'y5 u(p1)
P P2
r !
. dr Ve L R L L R R
Mys : T = oy e (B = 870) + 84+ e (84— 81) - 52.]

cmag d 1 [e
e . aF = /s L _ gR
df = == Masia: - 2w\ 3R (Bgw = B5y)
dr V€ L (5 2)
Miys : Z|=lavar (B —8) +i -5 im (Baw + 53
Neutron EDM bound 26 cm s at 90% CL
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Heavy spin-0 production'
Ly = Z (g 0 + £ (8han PL+ Sen Pr) f]

f=u,d
Spin-0 decays'

* Fermionic channels: single partner

g =Y |exta X0 + X (gx0n P+ Exerin Pr) ] + hec.
f=u,d

* Fermionic channels: double partner

Lxxn = 8xxn X X1 + X I (gx,xn PL + &xexan PR) X
* Gauge & Gauge-Higgs modes

f2
L2 (2;,:,7 £+ by f2> Tr [d,, d"]
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o(p p - n) (pb)

Heavy spin-0 production'

14 TeV
100
10
1
0.100 E
0.010 3
0.001+ E
10 15 20 25 30
M, (TeV)

Setting o = 1 @ /s = 14 TeV.

S. Norero, J. Yepes and A. Zerwekh, hep-ph:1807.02211
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Br(n -» XX)

0.100

=
=
=
=

0.001

n-Branching ratios'

20
M, (TeV)

Comparing two different situations o = 0,1 for aj; = 1/2 & £ = 0.2 @ My 5
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Yielding top partners I

QCD-driven+SM gauge-Higgs mediation— intermediation of 7

Double production' Single production'

oq
x
<
Q.

qg ud u,d
g W= u,d
X d,u X
u,diiyix u,d >’m<>‘< u,dﬁ‘ u,dg\%’vﬁg‘)-(
g>h7U<X 1_77(? 277 X g>h7n d,U £ 277 q9
a,d X a,d X ad 9 G.d q

q any up/down-like quark couple to X = {T, B, X2/3, X5/37 T}
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Top partner Double production

Comparing two different situations o = 0,1 for £ = 0.2 @ /s = 14 TeV.

S. Norero, J. Yepes and A. Zerwekh, hep-ph:1807.02211
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a(pp > t7) (1)

Top partner Single production
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Comparing two different situations o = 0,1 for £ = 0.2 @ /s = 14 TeV.
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Parameter spaces'
(My, &), M, =3 TeVI (M,, £), My =1.25 TeVI
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M, (TeV)
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CMS bounds (A. M. Sirunyan et al., 2018) on top partner searches through decays into Wh final states imposed

S. Norero, J. Yepes and A. Zerwekh, hep-ph:1807.02211
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TACKLING DARK MATTER

* Loop-level scattering cross sections

q q q q
A 4 T
| | | q |
| | | |
77 [} [} 77 77 | | 77
fJ—,_P\/\;;\/\J\_\—L rJ—/_P\J~;;\/\J\_\—L
X X X X
2
* 2 2 nq Typs SI  _ MDuN 2
>_q 8xn8naCioop XuX"qq = opyy = “2|C(Mx, My)|
2 M
C(Myx, My) = ;gfm Ehg M o rG C(Mx, My mq),  Frg ~ 089 & upaiw = MX%”’ZN
M2
C(Mx, My, mq) = n;q67-r2x [Do (mi,M)2<,Mi,mg;s,t;mg,Mi,Mi,Mi) + Do (miI\/l)2<’[\/])2<7,,,§;1~7 U;mi’Mfl’M)z(’ng }
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