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The LQ paradigm — some basic facts for LHC pheno

- LQ's are colored fields

=> should be copiously (QCD) pair produced @LHC if M o ~ O(1 TeV)

Typical CSX is: o(pp — ¢¢*) ~ 5(0.01) [fb] for M, ~ 1(2) TeV
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The LQ paradigm — some basic facts for LHC pheno

- LQ's are colored fields
=> should be copiously (QCD) pair produced @LHC if M o ~ O(1 TeV)

Typical CSX is: o(pp — ¢¢*) ~ 5(0.01) [fb] for M, ~ 1(2) TeV

Single LQ production via quark-gluon fusion qg — ¢! may also be important
if Yukawa-like LQ-quark-lepton couplings are sizable

-e.g., if the LQ is a "1s' generation scalar LQ":

these channels are however model dependent !
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The LQ paradigm — some basic facts for LHC pheno

LQ's decay via: ¢ — qie; ., qiv; [F ~ (Y¢ql)2 M¢/161't]

LQ categorized according to their couplings to a lepton-quark pair:
1st,2nd op 3rd gen. LQs ...

= rich and possibly surprising LQ's collider phenomenology:

Yoo,

- lepton + light jet + missing ET PP'5£~+{\ "'2/7 e

- lepton + 2 light jets + missing ET (f=> FF+ay+87 %'oe

- opposite-charged lepton pair + single light let PP'BQ, L+ 1 0%

- opposite-charged lepton pair + 2 light lets pp—=> L ( #3) -~

- b-jet(s) + lepton(s) with or without missing ET (34 gen. LQ) ff=> M"e +Vl'1 b*ﬁ;
- top-quark(s) + lepton(s) with or without missing ET (3 gen. LQ) pp-> l/é?-’r t/tg

No LQ signal yet: typical bounds are M, > 1 TeV, depending on the

underlying ¢ — quark+lepton decay pattern and/or on the LQ
generation (typically lower bounds for 3 gen LQ ..)



Scalar LQ’s ¢(3,1,-1/3) or ¢(3,1,2/3)

Some good reasons for a TeV-scale scalar LQ

light scalar LQ's + SM Higgs scenarios:

- ¢(3,1,-1/3) + Higgs residing in the same representation; 10 dim multiplet in an SO(10) GUT framework
Aydemir,Mandel, Mitra, arxiv:1902.08108

- scalar LQ's + Higgs are PNGB's of a composite GUT model
e.g.,
Gripaios,Nardecchia,Renner, JHEP 2015, arxiv:1412.1791

Marzocca, JHEP 2018, arxiv:1803.10972
Da Rold,Lamagna, JHEP 2019, arxiv:1812.08678

TeV-scale ¢(3,1,-1/3) to address/explain B-anomalies ( Ry, , Rye )

e.g.,

Sakaki, Tanaka, Tayduganov, Watanabe, PRD 2013, arxiv:1309.0301 s
Hiller,Schmaltz, PRD 2014, arxiv:1408.1627 V
Freytsis,Ligeti,Ruderman, PRD 2015, arxiv:1506.08896

Alonso, Grinstein, Martin,Camalich, JHEP 2015, arxiv:1505.05164 L

Bauer,Neubert, PRL 2016, arxiv:1511.01900 ~?/ T
Mandal, Mitra,Raz, PRD 2019, arxiv:1811.03561 5
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The renormalizable $SM framework:

consider the SU(2) scalar singlets LQ: “down type”: ¢(3,1,-1/3)
“up-type”: ¢(3,1,2/3)

- Yukawa-like interactions (with Baryon # conservation):

®3,1,-1/3) ®(3,1,2/3)

L —c- ' R —c
["’Yr,qf) — yach?,’rgg@* _’_yu.euce(p* nonel
- Scalar interactions:

Lo = |Duo]* — M2 + \old|* + Aprr || H|?

= the (S del:
(I) M mode Losm = Lsv +Ly,g +Lug
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Hybrid EFT's are (quite) common

- Axion models

Jaeckel, Jankowiak, Spannowsky Phys Dark Univ. 2013 arxiv:1212.3620

Bauer, Heiles, Neubert, Thamm Eur. Phys. J. 2019 arxiv:1808.10323

- Fermionic DM

Busoni, De Simone, Gramling, Morgante, Riotto JCAP 2014, arxiv:1402.1275

Fedderke, Chen, Kolb, Wang JHEP 2014, arxiv:1404.2283

* RH neutrinos

del Aguila, Bar-Shalom, Soni, Wudka Phys. Lett. 2009, arxiv:0806.0876
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It Is possible that new
un-explored LQ phenomenology @ TeV-scale energies
may be “hiding” in the tails of the UV physics

4

Effective Field Theory for “light” LQ’s
may be important

4

Assume a light LQ to be one of the
low-energy dof and construct the
“LQ-SMEFT?”
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The LQ-SMEFT framework for the SU(2)-singlet scalar LQ’s
$(3.1,-1/3) or ¢(3,1,2/3)

L= Lysn + Z
n=>o

=D

The higher dim. (n>4) effective opts O,(" are constructed out of the
SM + "light” LQ field

Assume:

- low-energy d.o.f. c a single TeV-scale "light” LQ

10

$(3,1,-1/3) or ¢(3,1,2/3)
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The LQ-SMEFT - physical picture ‘

E > 0(100 TeV)
R — 111 - ()
LQ9 LRt 118 os
s rieha @ & \
— e -
\'% ')
V’ New Heavy physics

Intermediate heavy states of the underlying theory with M(heavy) > A
that can be indirectly probed (in the EFT framework)

light LQ’s: My <A
#3.1,-1/3) or §(3,1,2/3) L=_Lssm+ Z A' . Z fiO\"

n=>

( O; constructed out of the SM+LQ fields and SM symmetries)




The LQ-SMEFT —the case of ¢(3,1,-1/3)

* dim. 5: only 2 tree-level generated dim. 5 opts involving ¢(3,1,-1/3):

both violate lepton number by 2 units ..

(5) _ Jraon gopos Ja2e? g o g
ALygn = R, HO™ + {75dd 0 + He
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The LQ-SMEFT —the case of ¢(3,1,-1/3)

* dim. 5: only 2 tree-level generated dim. 5 opts involving ¢(3,1,-1/3):

both violate lepton number by 2 units ..

bdpH d?
ALY, = JuoH fofrge + I29° Gaeg? 4 He
Agdch Ad2¢,2
1d N6 d / \ d d° o d
o X
%(I) ] i & W
4 ,
(:’, \\\[-[ ]—,]// { ({ \\\('} r,)/{ d
Intermediate heavy states Intermediate heavy states
O=®(3,2,1/6) O=0(6,1,-2/3)
¥Y=¥(1,1,0), ¥(1,3,0), ¥(3,2,-5/6) ¥=¥(1,1,0), ¥(8,1,0)

+ the Weinberg operator;

also generated by ¥=¥(1,1,0) (type | seesaw) and/or ¥(1,3,0) (type Ill seesaw): j{—WECI;T*JEIW
w



The LQ-SMEFT —the case of ¢(3,1,-1/3)

¢ multiplicity

®© =
ot =
¢ =
¥ =
¢ =

¢4H2

(H'H) (6"0)°

(0*¢)*

Py

O(n) c @ath)CDd

1

The LQ-SMEFT @ dim. 6

¢4D2

[o*| Dol*

6 @“0) . |0 (@eo) . |0 (aa9) . |¢]* (u?do)

d>XSM

‘O‘ZOéM

dy2D?2
D? x ql¢o
D? x deug
D? x wee

QZHEZD

octet ¢*¢

Gabcéa (D;L@)b E/YH(JC

(0TA“D,0) (GA“v*q)

fabC@a (D“@)b ey'd,

dw?HD
TH )y u‘D,, ¢!
qH )7"d D, 0"
7H )
l

(@T/\a @) B (o

1%

¢!|[2H2
H|?0"gq°
[H [*¢qgl°
|H|?¢d°u
| H|? ptie”
o (qH)(Hq")
O(qH)(H'I)

e.g., D? x ql“¢p — (gD, 1°)D" ¢

Gouwl)B*™ & . (ool YW o | (Go w2 1OGR ¢
I F ! / A

This is the complete list of dim.6 opts for ¢(3,1,-1/3) ...




Low-energy AL=2 effect from the
dim.5 opts

15

expectations & constraints

AL) _ Jusn ?dﬁgb*+—fd2¢2 dd°¢® + He.

pSM Agg

U]

oH Ad%z
\\
é(I)

[ d \\\ 0] (
\\
vo
|
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Neutrino masses

fdQCbz 7 7C 12 .
—dd" 9~ contributes only at 2-loop:

The operator

A g2 42

Therefore, no useful bound can be set on A2
(d-quark operator still relevant for colliders whereas

s and b-quark operators can generate sub-eV neutrino
mass)



Neutrino masses | [;, fragH N
Awg e NeagH bt mv< ev
Tree-level 1-loop [

«H> <H/> P "“x B both opts severely
_\ o suppressed

Yoy fu H

mPWe are left with a single class of viable
dim.5 opts for TeV-scale physics

$(3,1,-1/3)

fdgﬁbz CZdC¢2

A g2

O(1) Wilson coefficients & a TeV-scale cutoff:
v My < Agege — O(few TeV) & 1,5, ~ O(1)




Consider also the up-type ¢(3,1,2/3);

Similar importance for ¢(3,1,2/3) production @LHC:

18

4 possible dim.5 opts

(5)
A'C(JS M

f[u()H

AEU(;)H

(uH " +

ffd(}H EdHQ) + qu’()Hq H(D+ uZp?

AEd(;}H AqeoH Auz P2

uuc%—k H.c.

N2

fu2¢)2

ﬂ,fu,%z

also not constrained: M, < Az ~

O(few TeV) & fz42 ~ O(1)
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signals of the LQ-SMEFT paradigm

/ N\

919 fd2 D02 7 9
fu 0 ‘aucgbg . ddc@z
Auz(pz Ad2 @2

CSX's calculated with MadGraphb;

producing a dedicated UFO model for the LQ-SMEFT framework (using FeynRules ...)

(couple dominantly to 34 gen. lepton-quark pairs)
P Y g P q P
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d?¢? & u?¢ opts effects ¢¢ pair production:

—T_L’LLC¢2
d,u Buzge ¢ 4_M2 172
o 22 1~ 3 ’
s ~ q S
N o (PP( )y ™ ¢¢) = 22 :
\\q, " A2, 12m
d.u fst e o same-charge ¢¢ production
Ad2¢2
QCD production: (PP ggaq) = PP”) ax

opposite-charged ¢¢* production
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d?¢? & u?¢ opts effects ¢¢ pair production:

—Q_L’LLC¢2
d,u Buzge ¢ 4_M2 172
- 202 1~ 73 .
s ~ q S
N o (PP( )y ™ ¢¢) = 22 :
x\(p " A2, 12m
d.u F2 J1ege same-charge ¢¢ production
Ad2¢2
QCD production: (PP ggaq) = PP”) ax

opposite-charged ¢¢* production

expectations with NP scale A=5 TeV @LHC13
LQ-SMEFT (dim.5: A=5 TeV) Lysm (dim. 4)

d2¢2: PPa) ¢¢ u2¢2: PP ) ¢¢ QCD: pp(gg,qq) — ¢¢*

o(M,=1 TeV) 14 fb 77 fb > 3 fb
o(M,=2 TeV) 0.3 fb 3 fb 0.005 fb



3 — A, 2.2 _auc¢2
d,u u'e * Az g2
9 d.u .6
-, L’
\\\ .
qJ 3 N
d,u s (I) d,u N ¢

fngbQ 7 2 f
~ 2 ddeo d2¢? 7c 42
Agz g2 A2 g2 dd’¢

o(pPqq) ~ PP) » (PP ~ P* D7)

Asymmetric ¢¢ Vs ¢*¢* prod (enhanced dd/uu pdf’s ...)
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. S uco? furg2 e
d,u A2 g2 (I)* du A2 g2 ¢
d a7 \\\ * \\\
d,u f (I) d'u S ¢
d2¢2 740 .2 fd2¢2 T e
Adngz dd ¢ ——dd QSQ

Asymmetric ¢¢ Vs ¢*¢* prod (enhanced dd/uu pdf’s ...)

For "down type” LQ: ™' ~~._ _ PP | A=5TeV |

| —pp — 0305 (dim 4: gg — ¢303) e
¥ e 3 2 ~.
- wmpp 3 P30 (dim 5: dd"¢) S
|| m——pp — @303 (dim 5 : dd°&*) 1
10° : : 9
23 1 12 14 16 18 2

M, [TeV]



LNV sighatures from same-charge ¢¢ pair production:

When the LQ decays to 3" gen fermions:
(note: decay of ¢(3,1,2/3) — quark+lepton are pure EFT ..)

LQ-SMEFT (dim.5)

3rd gen ¢(3,1,-1/3) 3rd gen ¢(3,1,2/3)
d’°¢: pPdaa) — PP U2 PP ) — PP
dp — ttrr PP — tt+E;

PP - trTT+2j,
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LNV sighatures from same-charge ¢¢ pair production:

When the LQ decays to 3" gen fermions:
(note: decay of ¢(3,1,2/3) — quark+lepton are pure EFT ..)

LQ-SMEFT (dim.5)

3rd gen ¢(3,1,-1/3) 3rd gen ¢(3,1,2/3)

d’°¢: pPdaa) — PP U2 PP ) — PP
b - HET) PP — tt+f;

P - T T2,
Same-charge ¢¢ production yields same-sign lepton pairs!
In contrast to the conventional QCD LQ pair production signals:

Lysm (dim. 4)
3 gen #(3,1,-1/3) or ¢(3,1,2/3)
QCD: pP(yg,49) > 9P
dP* - ttrtr, t+E,
"> T T2y, 2ijptEy
25 PP™— trtlte + jHEs DPF 2019




LNV sighatures from same-charge ¢¢ pair production:

LQ-SMEFT (dim.5)

3rd gen ¢(3,1,-1/3) 3rd gen ¢(3,1,2/3)
d?¢*: pP(aa) — PP U2 PP ) > PP
dp -ttt P — tt+E;

PP - 1T+,

« Typical rates at 13 TeV LHC with 300 fb-! (after top-decays ...):
M,=1TeV & A=5TeV

- 5000 positively charged t*t*events via pp > ¢ > 1717 + 2:j,
* 500 negatively charged tt-events via pp = ¢ - TT°+ 2:j,+ 4

. 50 positively charged I*I* events via pp — ¢ — ITIT + 2.j+ B+

Much smaller rate for corresponding opposite-sign lepton pair events !



Unfortunately, LHC13 can be sensitive to these
same-charge ¢¢ signals only up to M, ~ 1-2 TeV

CSX(#¢) drops sharply with M, @LHC13 due to the limited phase-space

27

¢¢ pair production @ higher energy colliders
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¢¢ pair production @ higher energy colliders

HE-LHC 27 TeV, A =10 TeV HE_LHC 27 TeV HE-LHC 27 TeV, A =15 TeV )
> 030 ] pp — 9303 (dim 4: gg — ¢303)
im 5: au‘o’)

99 — 3030 1

A=15TeV

FCC-hh 100 TeV, A =10 TeV

a—pp —+ 6303 (dim 4: gg

6303 (dim

— DD

03] -
B el A =15 TeV
g | i
A )‘—'
A=10TeV |«
1L 15 2 25 3 35 4 4.5 1 2 3 4 5 e 7
M, [TeV]

M, [Tev]
LN

Future higher-energy hadron colliders will be sensitive to the LQ-SMEFT

dynamics up to LQ masses of M, ~5 TeV & NP scale of A ~ 15 TeV
i.e., with CSX's for same-sign charged leptons larger than o ~ O(1 fb)
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Conclusion

* Introducing the LQ-SMEFT framework:

- LQ assumed to be one of the "light” fields
- leading effects from several new AL=2 dim.5 effective opts
(beyond the well known higher scale Weinberg opt):
* new LNV same-sign lepton pair signals @multi-TeV colliders
- 2-loop Majorana Neutrino masses from NP scales A ~ O(5 TeV)

“smoking gun” same-sign lepton pair signals at the LHC13 with
asymmetric double-charge rates
and CSX's much larger than the
"standard” opposite-sign lepton pair signals

Sensitivities up to M(LQ) ~ 2 TeV @LHC13 [A~5 TeV]
& M(LQ) ~ 5 TeV @FCC-hh100 [A~15 TeV]
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Backups & more slides
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The large yukawa coupling case y > O(1)

O In addition to single LQ prod. can also have t-channel LQ exchanges:

which are important for large yukawa coupling y > O(1)

and can give better access to the large LQ mass regime (where LQ
pair production is phase-space suppressed).
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up-type LQ ¢(3,1,2/3)
@ renormalizble level

O Yukawa-like interactions of this type only contain the term:
R jci ]
Yai i CRAR P

Which violates baryon #, and in the presence of higher dim
operators may mediate proton decay.

‘ Assume this coupling is vanishingly small
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LQ-SMEFT with ¢(3,1,-1/3) & ¢(3,1,2/3)
@dim.5

fw

w

dim.5 SM fields: Weinberg opt

L e HTY

(5) fraon i faze2 =, 9 H
ALJYy = AT + {52 4 + He

dim.5 ¢(3,1,2/3) opts

Jewort 5, Ho* +f”dHedH¢ 4 Jaeort quH¢+f

Ah »H CdpH Aqe YH AH,

dim.5 ¢(3,1,-1/3) opts

A[Jéig e “auco? + He.

O If both up & down-type SU(2) singlet scalar LQ's are included
as light DOF's then we obtain four more dim.5 opts:

33 q_fC(;DZ(;D;’ ﬁef@:ﬂ@zﬂ gqf@d@u aﬂd gucﬁbdﬁbu




Neutrino masses |The 2- ~loop Ja2 2

ddcp? contribution:
O d AdZ (DQ

5
f- (-_f;f*f) 22 A2
‘ my,(A) ~ —— } _. " n? | 2
(1672)2 A A2

» ~ -
fdgq'b? I

+ d-quark: 2- Ioop neu'rr'mo mass is too small 7, ~ 107 eV
for fi2u (;;r_hj) ~ O(1), therefore no useful bound can
be set on ddi°:?

- s-quark: resulting mass consistent with oscillation data
m, ~cV for a NP scale of several TeV and f.::-(v),)" ~ O(1)
therefore no useful bound can be put on 55°¢?

- b-quark: We obtain 1, ~ KeV for f:..-(y.)° ~0(1) and
a NP scale of several TeV. Therefore either
Apzgz ~ O(1000) TeV or  frzpz - (yf,)" ~ O(1073)




Neutrino masses 1-less 28 (Ovpp) decay

fw W Ge ety fedeH Tafe )
W | NoapH <—
d @,
. r dim.4
Tree-level 1-loo fazg2 50 ,
| JOoP Aurgs 10O e >y uted
\<H> <H} I —b—\\\ d “\\<<_
— I if’ .' ;’I \. :L u
yLqiraled fidagH
I dim.4
v? ’ 3myg f- ng v A? AdQCbQ > 150 - fd P2 |yue’2
mu(A) ~ i - g | m@)~ a5 g (Uo) Tev ~ " (M, TeV)?
<
m, <eV
$ no useful bound
both opts severely if ¢ is a 34 gen LQ with
suppressed Yie: << 1
e.g., if ¢ is a 3" gen LQ with y - ~O(1) i.e., ify, R~ 0.1 or smaller,
then f4,<O(10-6) for A ~ O(l TeV) then M <A ~ O(few TeV) & fyp4o ~ O(1)
are allowed ...
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Neutrino masses

The heavy fermionic state ¥(1,1,0)
can generate all dim. 5 opt's:

f_WECﬁ*f]Tg M@dﬁob* faz 2 (:chqbz
AW AEdng d2 2

Therefore, there are several scenarios that do
not require small couplings:

1. ¥(1,1,0) generates all dim. 5 opt’s: Weinberg, IdpH and d*¢* with a typical scale of My~O(1014 GeV).
In this case, m,<eV is generated @ tree-level via type I seesaw by the Weinberg opt whereas
the 1-loop and 2-loop contributions from IdoH and d?¢> respectively are negligible.

2. ¥(1,3,0) generates both Weinberg and IdoH while d?¢* is generated by a different mediator. Then,
with My~0O(10!4 GeV), m,<eV is generated at tree-level through the type I or III seesaw by
the Weinberg opt, and the 1-loop contribution from the dim.5 opt Id¢H is subdominant.

3. The Weinberg opt is not relevant to neutrino masses (there are no heavy states that generate
it ..). In this case m,<eV may still be generated @ 1-loop or 2-loop through the dim.5 opt Id¢H
or d?¢* respectively (rather than through a seesaw ..), if these opt's are generated @ tree-
level by other heavy mediators.



Assume 3"d generation LQ's

(couple dominantly to 39 gen. lepton-quark pairs)

- easy to construct: with a Z; generation symmetry,
under which the physical SM fermions transform as:

wk — em(wﬁ‘gwk , T3 =27/3

a(y*) = Z; charges
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Assume 3"d generation LQ's

(couple dominantly to 39 gen. lepton-quark pairs)

- easy to construct: with a Z; generation symmetry,
under which the physical SM fermions transform as:

W = em(ww‘gwk , T3 =27/3

a(y*) = Z; charges
A simple example:
- fermion charges: a(y*)=k , k=generation index
- LQ charge: o(9)=3

For 3 gen ¢(3,1,-1/3): |, , ~ Yoo (E57L + 05 02L) 0% + ylk o 1TRO™ + Hec.

Z; gen. symmetry is exact in the limit of a diagonal CKM; Z;-breaking ~ off-diagonal CKM ...

it is broken in the underlying heavy theory = proportional to v¢/A? << O(1) ...



Breaking the Z; generation symmetry @ E>A

In the SM sector In the LQ sector

Generation breaking in the SM can be traced to the d d°
higher dim opts involving the Higgs and fermion fields:
e.g., off-diagonal Yukawa couplings from the dim.6 opts:

[}
'
]
] - ! —
ALy = % : (fu.HQ’LHU-R + deQLHd-R) + h.c. ? (D_®(3’2’1/6)
|
1 ) //‘\\ J
o w
If e.g., A~1530r5TeVand f,, 4 ~O(1), then the # "
Resulting effective Yukawa couplings:

Yetr = fqr - VA2 ~ O(y), O(y,) or O(ys) , respectively ...

If ®(3,2,1/6) couples to 1st and/or 2" generation down-quarks
& ¢ isa3rdgen LQ, then the Z; gen symmetry is broken and
the scale of gen breaking is Mg 5 1) ;

®(3,2,1/6) is the mediator of generation breaking ...

The gen breaking effect is ~ 0gqq° 9p40/ Mo

Matching to the EFT framework: goqq 9og —fa2e2, Mo —Ad2e

fd2 o2 7 2
el ddc
gy 100
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E > 0(100 TeV)
-— e =m o= \Ij —————
LQ> _ _
-_— . - —-— - @ 1 -
-_——=-Y - - Ve
\? New Heavy physics

Intermediate heavy states of the underlying theory with M(heavy) > A
that can be indirectly probed (in the EFT framework)

light LQ’s: M, < A
n)
8(3.1,-1/3) or (3,1,2/3) L=Lysy + Z — Zfz

nS

( O, constructed out of the SM+LQ fields and SM symmetries)



Constructing the EFT

e Quantum number specification:

(SU(@3), SU(2), U(1))
e Scalars:

H : SM scalar isodoubet ~ (1, 2, 1/2)
H : SM scalar isodoubet ~ (1, 2, —1/2)
¢ : leptoquark ~ (3, 1, —1/3)

e Fermions

left-handed right-handed

[~ (1,2, —-1/2) [1°~(1,2,1/2)
qm(3”2: 1/6) qcm(ngv _1/6)
u®~(3,1,-2/3) u~(31,2/3)
d°~(3,1,1/3) d~ (3,1, -1/3)
e~ (1,1, 1) e~ (1,1, 1)

Dim 5 and dim 6 operator expansions validated with Mathematica package:

B. Henning, X. Lu, T. Melia, H. Murayama, JHEP 1708
(2017) 016, arXiv:1512.03433
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LNV sighatures from same-charge ¢¢ pair production:

When the LQ decays to 34 gen fermions:
(note: decay of ¢(3,1,2/3) — quark+lepton are pure EFT ..)

LQ-SMEFT (dim.5) Lysu (dim. 4)
3rd gen ®(3.1, -1/3) 3rd gen ®(3.1 ,2/3) 3 gen ¢(3,1,-1/3) or ¢(3,1,2/3)
d2¢?: ppaa) ~ PP u2¢”: PPy — PP QCD: pP(gg.q9) = PP”
P - ttrT PP - t+E P - ttrir, Tk,
dp — 2jytkr PP - TTH2], PP TTH2y, 2ptEy

P > trH,+E+ dP — trH+j tE; PP t*ltr+ joHE;
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Extra handle for these LQ-SMEFT signals

« Asymmetric same-sign lepton production,e.g, :
N(ttrr) 2> N(gt* ") , N(z*c* + 2:j,) 23 N(vv + 2:j,,)
#(3,1,-1/3) %(3.1,2/3)
« = Useful double-charge asymmetries with no irreducible backg, e.g.,

_— lo(pp =717 +Xj)—0o(pp =177+ X, 1
T opp o T T+ X))o (pp T+ X))

X;=any accompanying jet
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Same-sign dilepton SM BG

® Eypiss

Main SM BG necessarily has 71

Additional B6 from fake/misidentified leptons is subdominant
Can also have higher jet-multiplicities mimicking signals with £
Focus on same-sign signals without Z

SM BG is controlled via "no MET" veto

Signal yields prompt and well isolated same-sign leptons
(emanate from TeV-scale particles)




