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A puzzle in BY
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See talk by A. Lenz for more detalls.
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Bordone, Huber, Gubernari, van Dyk, Jung [2007.10338],

see also:

Fang-Min Cai, Wei-dJun Deng, Xin-Qiang Li, Ya-Dong Yang [2103.04138]

They are relatively simple and clean to predict,

using to QCD factorisation and heavy-guark
@XOaﬂSiOﬂ See e.g. Beneke et al. [hep-ph/0006124]

These are tree-level weak decays in the SM,
mMildly suppressed by Ver Vuags).
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https://conference.ippp.dur.ac.uk/event/944/contributions/5154/attachments/4163/4895/BeyondAnomalies_2021.pdf

Towards a BSM interpretation

1. Is there a (possibly reasonable) New Physics explanation consistent with present flavor constraints®

2. What about di-jet limits from LHC? 4
Cit. % 10,000 KIWAR]

b — cud;

X d (¢ /

—dii-oi ALIVE

We need to characterise New Physics contributions to the decays, and connect with UV models.



Low-energy EFT dependence and fits
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Low-energy EFT dependence and fits

New Physics contributio
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Which mediators?

Charged Neutral
(9 1 b n 1)
rch

Neutral mediators necessarily couple to FCNC > excluded by tree-level FCNC.
Charged mediators have to be above ~100 GeV (color-less) or ~1 TeV (colored).

- We need tree-level mediators above the EW scale.

*Loop models would be even more disfavoured by dijet (light and strongly coupled to quarks, see backup)



From the B scale to the UV

M 4 UV mediator
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Low-energy operators

SMEFT operators:
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Possible tree-level mediators,

that do not necessarily also induce tree-level meson mixing:

00 d; = (]—7 27 1/2)<3L> (1)8 — (87 27 1/2)7
"PH (I)S — ("?’7 ]—; 1/3)7 \IJS — ("?’737 1/3>7 (:DG — (67 ]-7 1/3)7

spin-1:  {Q3 =(3,2,1/6), Qs =1(6,2,1/6) .

VW' case studied by lguro and Kitahara [2008.010806]:
meson Mixing excludes a full explanation of the anomaly, and strong couplings
required even for a partial explanation.

1 The heavy Higgs requires aligned couplings and no mixing with SM Higgs.



Model example and flavour bounds

Among the possible tree-level mediators, one that doesn’t mediate meson-mixing at tree-level is:

Scalar sextet di-qguark aBt —.(al /. afBt —.(o
? Lag D yféLj(I’GBTqC(Lz"(WZ)‘J‘Lﬁj) ™ ygq’fsmucgd@ + h.e.
b = (6,1,1/3)

[/

Vieson mixing, and other rare decays,

Can fit the "anomaly” with only two couplings: are however generated at loop level.
0 yfp 0 00 yi} Flavor bounds can be avoided!
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k2 ap ~ 1.65 (1.85) for Mg, = 1(5) TeV



From flavour to LHC
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Necessarily charged, possibly colored
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Gauge pair-production — 2 dijet pairs s-channel production — dijet resonance




General di-jet constraints

Any mediator for b— ¢ u d(s) will necessarily also induce
an s-channel resonance in di-jet distribution at LHC:
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Normalizing the production and decay rate
to the one of a heavy W' vector one has:
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di-jet constraints on narrow W'

Narrow dijet resonance searches at 13 TeV LHC
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General di- Jet constraints on narrow res,

- Assuming 100% Br in X —jj

- [2103.10332]

Narrow dijet resonance searches at 13 TeV LHC
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Any mediator for b— ¢ u d(s) will necessar
an s-channel resonance in di-jet distribut
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[hese limits can be directly
applied to all possible
tree-level mediators
contributing to generic
hadronic decays.

Narrow dijet resonance searches at 13 TeV LHC
- Assuming 100% Br in X —jj

| [2103.10332]
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The Showdown




Fitting the anomaly vs. dijet - Colored mediators
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Fitting the anomaly vs. dijet - Colored mediators

pin-0: 4 2= (12.1/2), @5 =(8,2,1/2), Y1 y2| = |yil [yl < [ya]max [yz|max
. \(1)3: (3,1,1/3), \113: (3,3, ]_/3)7 (1)6: (67]_7]_/3)7 S -
_ N i
SpiIl—l: {QS — (37 27 1/6)7 QG — (67 27 1/6) . 1E B’,- /1
B S :
SERR T o> 10.1
~or each scenario, we choose the 001l | | loor
- - - ' ;/ | .6 . Ehe
most favourable combination of couplings: % '
. : L Ha _
largest contribution to the anomaly, 0.001+ _ 40.001
with smallest constraint from dijets. .
All the colored mediators are excluded, 1L iy
for all couplings range where the model ' :
is perturbative. =0l 0.1
@g :
0.01F 10.01
Dijet constraints are stronger than : -
0.001E . 40.001

bounds from FCNC (loop-generated).

Mg, [TeV] Mg;, [TeV]

12



Fitting the anomaly vs. dijet - Scalar Doublet

®; = (1,2,1/2) ie. aheavy Higgs doublet.

Needs precise alignment in flavour space
and no mixing with SM Higgs,

to avoid tree-level contributions to meson mixing:
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Dijet bounds minimised (shown here) for the hierarchy: |y12| < |y3|
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The End ... ?
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Narrow dijet resonance searches at 13 TeV LHC
L d I ? ~ Assuming 100% Br in X —jj
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[hese light mediators couple strongly to qguarks: even larger dijet signals than tree-level mediators.
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Four-quark operators

Nne SM background of the di-jet distribution 1s obtained by fitting data with a smooth function.
NIs doesn't allow to put limits on EFT operators, since they also Induce a smooth energy dependence.

However, the shape of angular distributions (e.g. rapidity) (s=13 TeV, 37.0 fb” ATLAS
can be more robustly predicteq. m>54Tev | eData  —SM
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- Total uncertainty
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This can be used to put limits on four-guark contact interactions. 0-04; 1

ATLAS [1703.09127] 0.06}
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+ 2nrL(grY"qr)(GLYLqL)] . Contact interaction (npp = +1) 174 TeV — 20 5 TeV 15.0 TeV 0.04:' 1-
0.03:_
0.05¢¢s 3.4 < mJJ <37 Tev
We plan to generalize this to all four-quark operators. ool Lk
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Model detaills
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LHC as a “Flavor collider”
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