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~ What ao we learn
22 Jwhen matching
two EFTs at the

= EW scale?

e N>V NP in (at least) one of the operators
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Where is the scale of NPinb = s¢¢?

In the SM New Physics

e.q. pure V-A scenario:
ACy = —ACj, = —0.61+0.12

[1704.05340]
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0 12 — n+4
* Loop, CKM, and GIM A/g* ~ 32_ TeV
suppression ng ~ g2
[1704.09015]
Tree-level, unsuppressed (g.~1)| Loop-generated (g, = 1/4m)
~ 30 TeV ~ 2.5 TeV
Tree-level, MFV (9,2 = Vi) | oop-generated, MFV
~ 6 TeV ~ 0.5 TeV

. [Di Luzio and Nardecchia], 1706.01868
slide for the future

collider planners...

. y Perturbative unitarity constraint: NP scale < 80 TeV
Potentially relevant -
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Where is the scale of NPinb — ¢cTV?

In the SM -

* J[ree-level process

o Mi - * Large NP contribution required
Mild CKM suppression [Pregumably tree-level generateg]

Tree-level, unsuppressed (g.~1)| Tree-level, MEV (9,° = Vgp)

~ 3.5 TeV ~ 0.7 TeV

Perturbative unitarity constraint: NP scale < 9 TeV

[Di Luzio and Nardecchia], 1706.01868
Potentially relevant =
slide for the future
collider planners... 8



Where is the scale of NPinb — ¢cTV?

In the SM

* J[ree-level process
 Mild CKM suppression
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Related references: [1206.1872,

New Physics

* Large NP contribution required
[Presumably tree-level generated]

ne most elegant solution:
(QiyYuo® Q) (Lyy*oqly)

* SM-like contribution, ~15% universal
enhancementin b, = ¢, T, v, amplitude

 Unlike tensor and scalar operators,
points to larger NP scale

No problems with Be lifetime [1611.06676]

1505.05164, 1506.01705, 1506.0889¢6, ...] 9



Slide relevant to both anomalies

Tree-level models

Colour S’mgfcf

__ Classity single-
(:3.«\, mediator models
— A matching to the
=4 relevant SM EFT

o,oerators:
(QL7,0°Q) ) (Lgy" o LY)

-

Co/our ’tﬂplef

Vecors :

Wl"'(‘) ?’) O)
B,:: N(ll ’ O)

(Q4u@%) (LS L)

Scalar L

S' " (-,g, l, ,/3)*no (da)( ¢)
Se(53W

Ve ctofr '_Q

3]
M B0 @
ul ~N (?), |/ 2/3) (,E, o
U; v (5, 3 , 2/3) ~0.04}
Q L _O'OEOI.O6—0I.O4—0‘.O2 OC.;)0 0.62 0.64 0.06
T
Triplet

Q L

Colorless vectors

[1308.1501, 1310.1082, 1403.1269,
1411.3161, 1501.00993, 1503.03477,
1505.03079, 1506.01705, 1509.01249,
1604.03088, 1611.02/703, 1511.07447,
1601.07328, 1510.07658, 1706.08510,

1706.06575, 1706.06100, 1710.02140 ...

Leptoquarks
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This is what we used to call &

“Exotica”

Did not fit our prejudice. To be reconsidered if B-anomalies turn out to be true.

Z’ bosons
e Resonance searches
9 Z’° H e Deviations in the tails
Lesson for |
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and beyond R 4 q9
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. WA LQ
19
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CD pair production  Single LQ + lepton flepton
QED pairy production production
Final states: Final states: Final states:
bTbT, tvbT, bTb}, bTT, tvT, bUT, ... TT, UU

buby, ... 11



Lesson for
high pr
searches at

the LHC
and beyond
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This is what we used to call (&
“Exotica”

Did not fit our prejudice. To be reconsidered if B-anomalies turn out to be true.
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LYy f ]

52,
Flavour structure drives the direct searches pheno.
< Low-Energy flavour <> High pt synergy

g TQ & —~ ~ -

QCD pair production  Single LQ + lepton Dilepton
production production
Final states: Final states: Final states:
bTbT, tvbT, bTb}, bTT, tvT, bUT, ... TT, UU
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@\' Classify UV dynamics
— { based on the relative
4 size of semi-leptonic
" vs. 4-quark operators.
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Flavour lesson | ¢
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JHEP 1507 (2015) 142

Vector Iriplet Model
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Vector Iriplet Model
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Large signal
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[Faroughy, AG, F. Kamenik]
15 Phys.Lett. B764 (2017) 126-134
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A coherent picture. ..

|Buttazzo, AG, Isidori, Marzocca], 1706.07808
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[Buttazzo, AG, Isidori, Marzoccal],
1706.07808

» So which (simplified) UV model?
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Co’our SLY\%@:

[Buttazzo, AG, Isidori, Marzoccal],
1706.07808
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My (TeV)

lechnical note:
Massive vector requires UV completion,
otherwise ambiguities in predictions...

e.g. Bs mixing at one-loop, LQ pair production, etc.
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Vector Leptoquark

U= (3,1,2/3)
Ly = —%U{f
J['Lj = Bz’a Q'L’f}/ﬂLa .

Qi= (Vjup,dp)' L = (v, €))7

AV

Ut + MEUT UL + gu (UL, + hc.)

[We need HL- or even HE- LHC ﬂ

[Buttazzo, AG, Isidori, Marzoccal],

1706.07808
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UV completion

—

Gauge leptoquark model

[Di Luzio, AG, Nardecchia], 1708.08450

® [xtended gauge symmetry
G=SU(4) x SU3) xSU((2), xU(1)

Massive gauge bosons:

‘l' (Q3), (21) E) Leptoquarl;]

Gsy = SU(S)C % SU(Q)L < U(l)y 2) Coloron
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Y =X+Y' 21
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Calculable!
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Example diagrams: Dimuon invariant mass spectru
e T T T
g 10 ATLAS Preliminary ¢ Data
q l_j - 10° Vs=13TeV, 36.1 fb’ ]z
Dimuon Search Selection [l Top Quarks
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focus on
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100 200 300 1000 2000
Dimuon Invariant Mass [GeV]

[ATLAS-CONF-2017-027]
o Bump hunt e.g. [1706.06575]

e Non-resonant deviations in the tail

“Bump hunt” projections at HL-LHC and HE-LHC in the pessimistic scenario [1710.06363].
Talk by Tevong You
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Z model

95% CL limits on MFV Z' from p poutu

1.4 - ATLAS 13 TeV, 36.1 fb‘l
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Z model

95% CL limits on MFV Z' frompp -» u* u~

[ ATLAS 13 TeV, 36.1 fb~!
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Drell-Yan tails

Uu

C’geff S

20 observed: 36.1 fb~! (blue),

V2
20 expected: 3000 fb~! (red)
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*See also talk by
Marco Farina
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- R ratios at high-p+?
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1.3 T -
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Great improvement at HL-LHC, how about HE-LHC?
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- [AG, and D. Marzoccal,
Drell-Yan tails pp — ,u_l_,u_ 1704.09015

[ )"Pessimistic” scenario

O(1) from R(K) N
b H \\ ow
b i )
S Vv Cpsu| < 100 (32
A

| HL-LHC
Z) Iwo motivated flavour structures

A = Cpg/C
MFYV case. Singlet: Cy;,=Cp, [ bs — bS[J/ qg U(2)q case. Cp,=Cy,=0

13TeV ATLAS 36.1 ' E 3 13TV ATLAS 36.1 fo-! ]




Conclusions

Standard model might be cracking down
In the semi-leptonic B-decays

If true, clear indication of the NP scale
[< 80 TeV (NC) and < 9 TeV (CC)] [Di Luzio and Nardecchia]

Signatures at high pz:
Z’, Leptoquark

Can we formulate a “no-lose” theorem?

[Requires a dedicated study: non-resonant
deviations, wide resonances, etc.]
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Backup slides
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Pair vs. single LQ production

100 pp @ 13 TeV: scalar LQ

Cross section (fb)

pp—->SS|LOQCD|

| FeynRules + MG5_aMC@NLO
10_4 | NNPDF23NLO pdf set

1000 1500 2000 2500
MS (GGV)
Single LQ + lepton process is dominant at high LQ masses

29 |[Buttazzo, AG, Isidori and Marzocca], 1706.07808



