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Fairy Tale of the Day
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BaBar, Belle, and LHCDb
report an excess in semi-
leptonic B decays ~ 4 ¢
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Boucenna et al 1608.01349
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HFAG http://www.slac.stanford.edu/xorg/hfag/semi/
fpcp17/RDRDs.html



A case from not B anomalies

Reasons to look for W’

General ' Fairly well |
- A heavy resonance L studied

- Simple, direct SM couplings
= We know the W exists

Model Specific

= The decay is hadronic tT’s + missing ET

- Can only be produced through b-c fusion

- Consequently, we expect an additional b-tag handle



The Model Seeq,
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The Pipeline

M\ FEYNRULES 2.3
For UFO files

Available at Github
MADGRAPH 2.6.0 http://doi.org/10.5281/zenodo.1240452

Generate events
5 jet flavor scheme
Xqcut = 30 PYTHIA 8

Showering

QCUT =60

DELPHES 3.3.2
Detector simulation \

CMS Card

C++
Selection efficiencies

MATHEMATICA
Math & Plots

Also at Github

DON’T UPDATE LATEX
MID PAPER!



The Selection

Signal Backgrounds

MISSING




Cut

DT (Thl) > 80 GeV
pT (Thg) < 50 GeV
n-| < 2.3

Cut efficiency:
Accumulative:
Total # of events:

(per 100 fb-1)

The Selection

Signal
MW’ = 500 GeV

Only1T

W/

27.5%
27.5%
6.05 x103

Background
ttbar

2 TS possible
pT is softer

3.29%
3.29%
6.75 x10°

Background
W+j

Only 1T
pT is softer

<.

2.97%
2.97%
1.49 x106



Cut

pT(b) > 20 GeV
‘7719‘ < 2.5
Np =1

Cut efficiency:
Accumulative:
Total # of events:

(per 100 fb-1)

The Selection

Signal
MW’ = 500 GeV

1 hard b

19.6%
5.39%
1.19 x103

Background
ttbar

2 hard b’s

49.8%
1.64%
3.36 x10°

Background
W+j

Soft b (tag)

<.

8.4%
0.25%
1.25 x10°



Cut

pr(e/pn) < 15 GeV

Cut efficiency:
Accumulative:
Total # of events:

(per 100 fb-1)

The Selection

Signal
MW’ = 500 GeV

Rare hard e or

vV

99.9%
5.38%
1.18 x103

Background
ttbar

Sometimes

71.8%
1.18%
2.41 x10°

Background
W+j

Rare

<.

94.1%
0.23%
1.18 x105



Cut

E7% > 140 GeV

Cut efficiency:
Accumulative:
Total # of events:

(per 100 fb-1)

The Selection

Signal
MW’ = 500 GeV

Missing ET ~ MW’

vV

61.5%
3.31%
7.29 x102

Background
ttbar

Missing ET ~ MW, Mt

12.4%
0.15%
2.99 x104

Background
W+j

Missing ET ~ MW

<.

9.65%
0.02%
1.13 x104



Cut

IAG(h, EFS)| > 2.4

Cut efficiency:
Accumulative:
Total # of events:

(per 100 fb-1)

The Selection

Signal
MW’ = 500 GeV

Large MW’

= lower boost
=larger angle

vV

W/

77.5%
2.57%
5.65 x102

Background
ttbar

Mt, MW < MW’

24.8%
0.04%
7.43 x103

Background
W+j

Mt , MW < MW’

<.

23.0%
0.01%
2.61 x103
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Projected 30 sensitivity (L = 30, 300, 3000 fb-1)
------ CMS Inclusive 8 TeV, 19.7 fb-1
e oo 0000 AT|LAS Inclusive 13 TeV, 36.1 fb-1
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Projected 30 sensitivity (L = 30, 300, 3000 fb-1)
------ CMS Inclusive 8 TeV, 19.7 fb-1
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Projected 30 sensitivity (L = 30, 300, 3000 fb-1)
------ CMS Inclusive 8 TeV, 19.7 fb-1
e oo 0000 AT|LAS Inclusive 13 TeV, 36.1 fb-1
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ATLAS: 1801.06992

ATLAS v. CMS CMS: 1508.04308

19.7 fb™ (8 TeV)
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Summary

The R(D), R(D*) anomalies of B decays can be explained
with a W’ that couples to:

= Bottom and charm quarks
- T-flavor leptons

The couplings lead to an associated b-jet when
produced at the LHC

This additional b-tag can

= Improve the sensitivity over an inclusive analysis for
MW’ < 700 GeV, and

- Provide some discriminating power between different
W’ models

Most of the parameter space explaining the B anomalies
is within reach of Runs 2 through 4 of the LHC



Appendix



Efficiencies

pr(7) pr(b) e/p veto B [A(rh, E7™)]  N/(100 fb~7)

tt  3.29+0.0056 49.8+0.087 71.8+0.11 12.44+0.096 24.8 +0.36 7.41 x 10°
mono-¢t 1.13 =0.0035 40.4 =0.0035 90.5 = 0.14 2.55 +=0.082 31.4 £ 1.5 5.95 x 10°
W43 2.97+£0.0094 8.4+0.09 94.1 £0.26 9.65+0.34 23+1.6 2.61 x 10°
Z+7 2870014 14.14+0.18 97.4+0.21 6.45+0.34 32.4+2.5 1.37 x 10°
WW 0.575+0.0042 7.66 =0.19 92.5+0.7 6.63 =0.68 21.6 4.4 3.80 x 10*
W2 0.638+0.0071 11.9+£0.36 93.2+0.82 6.7+0.84 39=x6.3 1.08 x 107
Z7z 0.673=+0.012 17.8+=0.67 92.7+1.1 6=x=1 65.6 = 8.4 1.77 x 10*

Total Background 1.22 x 10°

pr(7) pr(b) e/pveto  Ep™ [Ag(rn, Ex™")| N/(100 fb™7) 2=
200 GeV 8.34 £0.081 18.1 £0.39 99.6 £0.15 5.97 £0.57 25.7 £4.3 1.80 x 10° 1.62
250 GeV 13.9+0.15 17.240.44 99.9 +£0.078 15.1 +£1 49 £+ 3.6 5.98 x 107 2.30
300 GeV 18.34+0.24 17.44+0.56 99.9+0.13 28.6 1.6 69.2+3.1 1.06 x 10° 9.26
350 GeV 22.24+0.27 17.14£0.52 99.7+0.19 376+1.6 67.8E2.5 8.88 x 102 7.77
500 GeV 27.5+0.31 19.6 +£0.52 99.9+0.089 61.5+1.4 77.5+1.6 5.63 x 107 5.00
750 GeV 31.5+0.34 21.74+0.54 99.7£0.16 79.1+1.2 82.4+1.2 1.55 x 10? 1.40
1000 GeV 32.8 £0.37 21.6 £0.56 99.7 =0.17 87.24+0.98 83.4 1.2 4.33 x 10* 0.39




