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3 General EFT analysisofb! cud;

R(X -YZ)=B(X - YZ)/B(X = YZ)sm

R(BY = D1") = 0.704 0.074 1036 016 0092

R(B° — DYK" ) = 0.687+ 0.059 ., " 036 1 0.072 0.16 Sf N Pr)
R(BY - D, ™! ) =049+ 024 C# 0.16 0.072 1 0.40 é -
R(B® - D'TK ) =0.66% 0.13 0.092 0.16 0.40 1

2007.10338
Thanks to Martin Jung. See also the talk by Nico Gubernari.
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Qui, = (m !ud )(dE ! up)

QUL = (mik!uds)(dK! Fuk)
QUL = (mi ! d )(dK! Huk)
QL = (al dy)(dkul)

QL = (mid )(d uk)

QY = (ml dy)(dk uk)

QT = (m " e ) (& "7 uR)

* d at leading orderdn and leading power in/my

A(Bq! DGP¥)= A(B;! D§P*)sw

1 # | | | %
H n  Chiu cbiu cbiu n Luibc
1+ 2" EGFV bV" Co av, + Arr + AV g AV g
CoOYui
%&
m?2 # - - 3
+ P aCbIU aCqu acblu awbc
(my+ mg)(mp" me) "o e TSee T e
|
ll+ # _ II+ # 1
A(Bg! Dy"P*)= A(By! Dy P*)sy
1 # | | | %
4 n  AChiu v cbiu chbiu uibc
1+ 2" EGFV bV" Co av, Arr + SV + AV g
CoOYui
, %oé
P acblu + acb|u " acblu " aU|bc
SRL SR SRR SRR

(my + mg )(Mp+ me)

IA(X !
A(X !

Y 2)|?

R(X |
( Y D)ol

Y Z) =




3 General EFT analysisofb! cud;

* These ala§,bi” , a{:,bi” , agbi” anda‘gbiu . The other half can not fit the data well.
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Strange

Down

Figure 4. Low-energy EFT fit to B, — D;L ) p— decays. Dashed and solid lines show 68% and 95% CL
regions for vector operators (left panel) and scalar operators (right panel). The gray dotted line is consistent

with the relative size following the CKM ratio Vs /V,,4.

* We focus on weakly-coupled extensions of the SM.

® [eV-scale physics, likely tree-level.
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Simplifed mediator models matching to the SMEFT

~TeV

o

064 i = (8! u )(d! u )
05 Tiu = (il ! ulk ) (! dk)
O Ti = (a1 (k! k)
06 Tja = (8! 1 )(m&! wuk)
Ofalin = (a8 uk)(i" 2)(d di)

O i = (8" 21 o )" 21 )
O T = (@ TAL UL )(EKTAT  dk)
O T = (& TA g N(EKTAL dk)
08 Tj = (& TA 1 (=K TA Luk)
Ofoalin = (8 TAUR)(i"2) (g TAdy)

Table 3. SMEFT operators relevant forl  cad; transitions.
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Simplifed mediator models matching to the SMEFT

E
without also necessarily inducing dangerous ! F' = 2 5 at tree-lev
g 17(L2,12), "g=(8,2,12)
PIn-E. =(8,1,U3), #5=(8,3,U3), "¢=(6,1,1/3)
spin-1: {Q3=(3,2,1/6), Qs=(6,2,1/6) .
q o g = (1,3,0)
~TeV N .._._..
5 —
VU@B)::1,3,6,8
U(1)geq - £1/3, %1
u/C Spin: 0,1, ... c/u
O8d ik = (8 ' uq )(g! uqt) 08 i = (& "2 g )" 21 ud)

O i = (mi! ub) (@1 dh) | [0 i = (@ TA Ul ) (@ TAL db)
Ol i = (8 ' g (B! ) | O Tjw = (B TAY ) N(ERTAL k)
:Oélu)-ukl = (g ! HqJL)(ﬂR uUR) :Oél%)-ukl —(@LTA'uq]L)(ﬂRTA' UR)

Ofali = (8 uk)(i"2) (g dk) | [Ofralim = (@ TAUR)(i"2)(d T dk)

Table 3. SMEFT operators relevant forl  cad; transitions.
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Collider

Figure 1. Representative Feynman diagrams for the pair produpidn XX ! (jj )(jj ) (left diagram)
and the single productigop! X ! jj (rightdiagram) of a dijet resonanck¥ atthe LHC. The constraints
from the existing searches are reported in SeQitor different representations and [3avor interactions.
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Figure 1. Representative Feynman diagrams for the pair produpidn XX ! (jj )(jj ) (left diagram)
and the single productigop! X ! jj (rightdiagram) of a dijet resonanck¥ atthe LHC. The constraints
from the existing searches are reported in SeQitor different representations and [3avor interactions.

e |[n the most general case, when additional (sizeable) interactions are present, the resonance
decays (promptly) to either dijet, charged leptons, top quark, electroweak gauge bosons, or
exotic charged particles.

e For comparable rates, the dijet final state is hardest to detect at hadron colliders due to the
overwhelming QCD background.



2.1 Palir production of dijet resonances

¥ The pair production rate is robustly set by the resonance maasdits gauge representation.

(LEP " 1) my:ys! 80GeV, my:1! 95GeV

nt ATLAS and CMS searches at 13 TeV with &gfot 1

Scalar (3,1) (6,1) (8,1)
410GeV (ATLAS) | 820GeV (ATLAS) | 1050GeV (ATLAS)
520GeV (CMS) | 950GeV (CMS) | 1000 GeV (CMS)
Scalar (3,3) (6,3) (8,2) |
620GeV (ATLAS) | 1200 GeV (ATLAS)| 1200GeV (ATLAS)
750GeV (CMS) | 1200GeV (CMS) | 1200 GeV (CMS)

*From LEP Il onwards X ,7
V4
V4
QA
Q
X X

My >

My >




2.2 Dijet resonance

W ' example q
L | X|J WIL"udjL WLII + h.c X
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2.2 Dijet resonance : General case

Xud couplings

LD xz-jXq_@-PXq;- + h.c.

o

Qo o W = 0 & W =

N’ N N N N N N N

LD xij X% €qpy qCﬁPXqW + h.c.
LDx,; X Saﬁq §a|P q/W) + h.c.,
L D x;; x4 qZ-TAPqu + h.c.
LDz X, (jﬂ“PXq} (+h.c.),

o

-

r—\r—\OUOOO

A

LD Lij on Ca By QC?VMPXQ

o

AN 7SN SN SN N N N,

—

9

LD Xij X;? qiTA’y'uPqu (—I—h.C.) :
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2.2 Dijet resonance : General case

Xud couplings

SU(3), 36 ] 8
" 2 | 2 |43
"o 2/13 | 1/3 | 1/6

spin| O
ls | 1/2
"g | 3/2

"#H$% &'()* #)+$,",-) +)"#-.)+ "* [0 1)2 345
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Non-leptonic meson decays depend on the product of two couplings when the resonance is in
out at tree level. In particular, the product of the couplings entering those decays satisbes

|Xqiqj X;kq|| = |Xqiqj | ! |quq|| : (4.2)

where both terms on the right-hand side are simultaneously constrained from non-observ
l(pp " X " Jj) at highpr. Using this inequality, we can limit NP contributions B, "
DS {",K} decays.

S S0 ) S 0 12 345




Model example
Color-sextet diquark ®¢

], : (]l
Lig # Yi! g qc(Li (i g)qle) +yil g uc(Rillej) + h.c.

0 yp O 0 0y,
yv= 1wt 00|, yR=[000
0 00 00 O

& (2) g symmetry
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Model example
Color-sextet diquark ®¢

L, !
Lis # Vii! 6
0 yp, 0 0 0y%s
y-= 1% 00f, yi=]000
O 0O 00 O
& (2) g symmetry

0.26V,,
TeV? '’

Lx, R
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ol (it 2)q )+ yR

Lx, R
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Model example
Color-sextet diquark ®¢

Ly " U/ ")
Lig # yij! 6 O (112)q;
0 yp,0 0 0y%s
y-= 1% 00f, yi=]000
O 0O 00 O
& (2) g symmetry

g _ 8lynl® + lygsl?
M 16

" (] "
+yiJR! 5 uc(Ri'd'Rj) + h.c.
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Model example
Color-sextet diquark ®¢

— (! ] n K — (! n
Lig # Yi! g qc(Li (i z)qle) +yil g uc(Rillej) + h.c.

0 yi,0 0 0y
yL = %yll'z O 0], yR =100 O
O 0O 00 O
& (2) g symmetry
AN B )

g _ 8lynl® + lygsl?
M 16

I 1 1 181 | | —

I

L1 1L I1Ill [
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4.1 Colored mediators

20



4.2 Colorless scalar doublet mode ¢, = (1,2,1/2)

® Pair production limits only from LEP-I|

(>s, designed ad-hoc to avoid tree-level contributions to mesor)

Benchmark | N The couplings of the extra scalar, are exclusively to the right-handed dow
guarks and are diagonal in the down-quark mass basis,

LM =y dq +h.c, (4.14)

WhereqiL = (VJ,' ujL , diL)T. Integrating out the scalarq, the LEFT operatori.:‘?jdl@)’LR are gener-

ated at low energies, which contribute to EkﬂéR'L coefpcients as

dt \,d
chiu — 1 Y3 Y,
as., = ! ReE VebVy;

ul M|2 ?
- 1

(4.15)
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4.2 Colorless scalar doubletmode ®; = (1,2,1/2)

|

/ L # HH#
7

1# " $%&'()
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4.2 Colorless scalar doublet mode ¢, = (1,2,1/2)

M, %m¢, Y9 %0.6andys = y¢ %0.17.

We could not excluded 1t by:
I F =2 Z ! b8 b! st
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Thanks
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