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Can we definitely discover the
source of B> K®Mpyty~
anomalies at future colliders?
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Motivation

* Assume b — su*u~ anomalies are confirmed at high significance in
individual measurements, and by independent experiments

* Underlying new physics the main case for going to higher energies -
but how high is enough for a reasonable guarantee of discovery (i.e.

LQ/Z')?

(80 TeV unitarity limit = no general no-lose theorem at FCC-hh)
Di Luzio, Nardecchia [1706.01868]

* Consider sensitivity to pessimistic scenario: onl%f. include minimal
couplings required to explain b = su™u~ anomalies

b —> > b w
:
Q R

s < wt g pt

 Useful benchmark, more realistic models will typically be easier to
discover
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Extrapolation Method

* 95% CL limit depends on number of background events

* For current limit at given mass, find equivalent mass at

future collider with same number of background = same
limit at equivalent mass

Thamm, Torre, Wulzer
[1502.01701]
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Z’ Sensitivity : -

ZI
 Extrapolate current 13 TeV di-muon search:
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* Actual limits depend on Z’ couplings in signal x-section



Z’ Sensitivity

 Extrapolate current 13 TeV di-muon search:
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* Actual limits depend on Z’ couplings in signal x-section
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Z’ Sensitivity : -

ZI
 Extrapolate current 13 TeV di-muon search:
S wt
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* Actual limits depend on Z’ couplings in signal x-section
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Z’ Sensitivity : -

 Extrapolate current 13 TeV di-muon search:

v
=

Naive o(pp—Z'—puj) [fbl, (M, =1.5 TeV, v5 = 14 TeV
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* Actual limits depend on Z’ couplings in signal x-section
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Z’ Sensitivity : .

Z’ coverage:

For each M.,
plot vertically
the anomaly-

ZI
 Extrapolate current 13 TeV di-muon search: ) .
5 T
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* Actual limits depend on Z’ couplings in signal x-section
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Z’ Sensitivity : -

 Extrapolate current 13 TeV di-muon search:

v
=
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* Actual limits depend on Z’ couplings in signal x-section
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Z’ Sensitivity

 Extrapolate current 13 TeV di-muon search:

(extrapolation
method
underestimates
limits at low masses)
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* 100 TeV can cover all parameter space of most pessimistic

scenario
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Leptoquark Sensitivity

* Extrapolate current 8 TeV LQ di-muon+di-jet search: ,

102 95% CL lim. 2nd gen. Iep‘toquark pair production 95% CL lim. 2nd gen. Igptoquark pair production
: — CMS 8TeV, 19.6 fb 102 — FCC-hh 100 TeV, 1 ab !
- -- HL-LHC 14 TeV, 3 ab™! -- FCC-hh 100 TeV, 10 ab™!
— 107} —— HE-LHC33TeV,lab! || 2 1073 “ ' © oxzo x BR FCC-hh 100 TeV
Q. Q
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‘3107 oxi0 % BR HE-LHC 33 TeV S . Kramer et al [0411038]
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* Pair production for scalar LQ depends only on QCD
coupling

* Upper limit from Bs mixing constraint
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Leptoquark Sensitivity g

Excluded
by Bs

mixing

*3
= b-anomaly
g 101 compatible
Extrapolated
95% CL lim.
107255 —
10 10 Max Mg = 37,41,18 TeV for S3, V7, Vs
M LQ [TeV] .
See also Hiller

& Nisandzic,

* Pair production for scalar LQ depends only on QCD 1705
coupling

* Upper limit from Bs mixing constraint
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o x BR(upuj) [pb]
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Leptoquark single production
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k - n.b. Sensitivity for
Take-Home Message D.b.Sens
, o conservative and
* Drell-Yan,pp—>Z' - u*u pessimistic scenario
M, =8 TeV M5, =18 TeV

33 TeV 10 ab? Iz/Mz >01

» Pair production, pp = LQ LQ - u u~j j
Mo =5TeV Myo=12TeV 40 TeV

33 TeV -

* Single production, pp - LQ — u*u~j

MLQ = 21 TeV 40 TeV

A 4

LQ coupling strength 16
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Take-Home Message 10 sensiiy o
the most
conservative and

° Drell-Yan, pp — AR ,Ll+li_ pessimistic scenario
M, =8 TeV M5, =18 TeV

T (for Z’, coupling only

Lr/Ms >0"1 to b+s is impossible)

» Pair production, pp = LQ LQ - u u~j j
Mo =5TeV Myo=12TeV 40 TeV

33 TeV B -
10 abl o

* Single production, pp - LQ — u*u~j

Mo = 21Tev 40 TeV

A 4

LQ coupling strength 17
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Take—Home Message n.b. Sensitivity for

the most
conservative and
pessimistic scenario

* Drell-Yan, pp - Z' » u*u~
My, =8 TeV M,, =18 TeV

1 S (for Z’, coupling only
S R — to b+s is impossible)
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Take-Home Message

* Drell-Yan,pp - Z' » utu~

Mz, =7 TeV

14 TeV

33 TeV

3ab? 10 ab?

* Pair
MLQ =5

33 TeV I
10 abl

] |
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n.b. Sensitivity for
the most
conservative and
pessimistic scenario

e.g. realistic model
coupling to 37 gen.
quarks + CKM
rotations

(Z’, coupling only to
b+s is impossible)

33pp] o(pp—2'—pjn), v’?l=|14 TeVv |

rz-,"fl.ler =0.1
95% CL lim. w/ 3 ab ' |
B, — B, excl.
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Take-Home Message

* Drell-Yan,pp - Z' » utu~

Mz, =7 TeV
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e.g. realistic model

2 . m « coupling to 37 gen.
quarks + CKM

rotations

* Pair p
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n.b. Sensitivity for
the most
conservative and
pessimistic scenario

(Z’, coupling only to
b+s is impossible)

40 TeV




Conclusion

. Com%lete coverage of narrow Z’ models at 100 TeV
FCC-hh

* Contrived LQ models may still survive FCC-hh

* Future studies: consider backgrounds, other channels,
more benchmark models, etc.

 Even if anomalies vanish, motivates direct discovery
potential of future hadron colliders and interplay with
indirect sensitivity from B physics
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Extrapolation method

MZ24+AS Al
/ o IZ.J ] o~ ~ A - .
opB (M , S) 0.8 E / ds dAj 0ij (‘3) y C'ij = 80 is approximately constant
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