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leptoquark

Leptoquarks

Can address persistent anomalies in B decays

... but if present ... do they come all alone? %

| will here assume they come with friends

... but without specifying who these friends are
Will use EFT to describe their effects.
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Lagrangian

SM + down-type LQ: ¢(37 17 _1/3)

VNN

SU(3) SU(2) u(1)

Ly.g = YgpT°iTold* + YL UCd* + Ygal 172D + Yugtide + H.c.

L =|Duol> — MZ|9|” + No|@|* + A |0|* | H|?
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1 n)
Lose =) 17 2 O/
n=>5 i Local, gauge invariant operators
with SM fields and ¢
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The ¢ alone

Production:
M¢ =1 TGV
99 — @@ 51b
ug — ol 100 fb
dg — ol 50 fb

B decay anomalies:
. L R
terms containing ng &9 Yue

Searches & limits

¢ —Ll/v+j = My 15TeV
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| HAVE

¢ and (virtual) friends (.

Will assume that the NP
- Is not directly produced (seen through virtual effects only)
- It is weakly coupled

- It is decoupling

Cote = Ve it 4+ L4998 Gaprgr 4 J20° Gaegr | pe 4.
AW Aﬁdqﬂ—[ Ad2q52
0(5) b2 = Jdc¢2
-Generated @ tree-IgveI by
Oézsz _ gdﬁqb* different hia;\;}/afrirmlons and

Oy = lCH*H
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EFT operators

d dc ./ v \\\\0’5 d

icb(ﬁ, 1, —2/3) t ¥(1/8,1,0) 3@(3 2,1/6) W(1,1/3,0)
E ; U (3, 2, —5/6)
.. : [ )
if)/ “w 5 \< "¥ \\H H/ l
Ogz42 = dd° ¢* Ovapr = LdH ¢*
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Neutrino masses
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For b:ysmall or A much larger
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OvBp decay

Od2¢2 = ddc |y |2
—— > 150 -
TeV (My/TeV)4
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@ @ the LHC

Assume ¢ = ¢ 3" generation leptoquark

Limit (CMS): M, > 900 GeV BR(¢3 — t7) = 1

) LHC 13 TeV, A =5 TeV
Production: ' '

101~

Ogd¢H = Zdﬁ[¢* excluded ) .
: 10} b
by neutrino masses “‘ e D) — D305 (diT 41 gg — P30%) ~.

—mpp = Gys (dim 5 dd°¢?) LN
—-= D) —> ¢§¢§ (dim 5: dd“¢2)

1 1.2 1.4 16 1.8 2
M. [TeV]
¢3
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Assume
BR(qbg — tT) ~ 1

Final states:
pp — G393 — 2+ Jp + B
pp — ¢3¢3 — ttt T
pp — O3z = 7 + Jp + L7

Asymmetry
olpp—> 71717+ X;)—olpp— 7T + X))

~ 1
opp—=>17 17 +X;)+opp =TTt + X))

olpp =ttt 7)) > o(pp = ttrtrT) =

@ Statistical significance ~ 7 (with an efficiency ~0.01).

@ LHC (13 TeV) is sensitive only for M, < 2 TeV
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