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Extra charged gauge bosons W'* are predicted in
many extensions of the standard model like,
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Grand unified theories...
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Modelling W’ coupling
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Two benchmark cases @ LHC
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( The sequential standard model )

Wé a; = 0’ aAp = 1 —  particular case of left-right
SU, (2)X SUR(2)
CERN-TH.5323/89 Discove ry W boson
| UA1 Collaboration 83’
SEARCHING FOR NEW
HEAVY VECTOR BOSONS + +
! _ _ IN pp COLLIDERS W+—e-v
Wy: a=1agr=0 —
G. Altarelli
B. Mele et
M. Ruiz—Altaba
CERN Gencva
/ / - L
W't —ety W't —etyjj e w
from b
w't—w*
Stefano Morisi, University of Naples b FPCapri2022




r

.

The sequential model (as proposed by Altarelli et al.)

can not derive from any extended gauge model

J

While the couplings to fermions are the same of Standard Model
W't > W2EZ is suppressed if W and W arise from dif ferent gauge groups

ie. WeSUQR)XU(), We SU'(2)

W't - W*Z comes from mixing after symmetry breaking 0(

ATLAS & CMS

The paper aim was
mostly explorative
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W’ detection: @LHC the most promising channel is W' — tb (single top)

 small QCD background comparing to light-jets

*  less model dependent: Kinematically suppressed if

W' »—-fv
LR LR Myr > Myg

Standard Model single top production
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Three different production channels far single top quarks can be distinguished: the s-channel (a), the t-channel (b)
and the W-associated channel (c)
Dominant for My, < My,
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Remarks on experimental searches

95% expected

I 68% expected
95% expected

’ L[] — [ ] — ’ o — —
WR' aL—O,ClR—1 WL' aL—l;ClR—Q .
137 fb™' (13 TeV) - o vt ey e, o 1AGIDE S TON)
E 5SS PR AR i PR RIS N R - . 3
=2 105“ CMS == pp > W, E R 102:_ CMS pp — W i
o) ; 95% CL upper limits : : 95% CL upper limits :
1 ¥ —e— Observed . r e Obsgrved 3
+« TEFR N0 o Median expected = Ok, == Median expected ~§
‘; = I 68% expected ] 2 =
m - -1
X

o(pp » W' — tb)

107" 2 E :
s | 5 d
! -1l -
: 1072 107 E
Euu.l..,.lku et o 1. 10_2~.U“1H,11 sodues g g e ke I o 7
1000 1500 2000 2500 3000 3500 4000 1000 1500 2000 2500 3000 3500 4000
m,, [GeV] m,, [GeV]
q b q
/ +
q W t q W
Boos,Bunichev,Dudko,Perfilov, PLB655(2007)

Interference between W’ and W in single-top quark production processes,



x B (W'_ — tb) [pb]
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Is this the end of the story?
What if we consider a flavor unblind bechmark case?



top-flavor model: an unblind example
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Flavor dependent: lepton universality broken
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SU(2), x SU(2); x U(1)y
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Note that we restore SM when g, = g3 - 0’ = /4
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SU(2), x SU(2); x U(1)y

TN - A >

We require the correct coupling e i ¢ g = ¢
between photon and charged leptons 0= cos0 72 sinfcosd sin @ sin ¢’
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Remaining free parameters
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lepton universality is broken

He, Valencia: B decays with tau leptons in nonuniversal left-right models," PRD87 (2013)
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Branching ratio: some remarks Note that 6" = 1/4 > V' cgkm=Vexm
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W’ cross section @ LHC

Cross section (fb)

Mass Width 13 TeV 14 TeV
1000 10 109552 4 407 127176
100 10939 &+ 54 4 4+ 59
200 5355 + 21 6177 + 23
1400 14 26036 4+ 123 31207 + 144
140 2712 + 12 3246 + 13
280 1375 £ 5 1633 £ 6
1800 18 7835 £ 42 9717 £ 50
180 859 +4 1052 +5
360 452 +£2 550+ 3
2000 20 5375 4+ 29 5748 4+ 30 »
200 593 +£3 635 +3
400 315+2 340 £ 2
2400 24 2005 £ 11 2146 £ 13
240 235+ 1 253 +1
480 131,7+0,8 142,04+0,8
2800 28 791 =4 850 £+ 5
280 102,4 4+0,7 110,4 4+0,7
560 59,9 +0,4 65,14+0,4
3200 32 331 +£2 356 +2
320 47,94+0,4 51,94+0,4
640 30,04+0,1 32,6 £0,1
3600 36 145 + 1 156 £ 1
360 23,94+0,1 25,84+0,1
720 16,20 4 0, 08 17,51 0,09
4000 40 67,34+0,6 71,8 +0,7
400 13,10 4+ 0,06 14,12 4+ 0,07
800 9,43 4+ 0,04 10,25 + 0,04
4400 44 34,1 +£0,1 35,7+0,1
440 7,61 40,04 8,20 + 0,04
880 5,76 0,02 6,24 4+ 0,03
4800 48 18,18 &= 0,03 18,91 =0, 03
480 4,70 £ 0,03 5,07 20,03
960 3,77 0,02 4,09 4+ 0,02

ossy(pp = W) for Sequential Standard Model
from MadGraph5,;c@NLO tool

orr(pp » W') = a5y (pp » W') X tan®@’
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W’ width

1%, 10%, 20%

Width /

/Qéss section (fb)

Mass 13 Tev 14 TeV
1000 10,/ 109552 + 407 127176 + 466
100 10939 + 54 12674 + 59
200 5355 + 21 6177 + 23
1400 14 26036 + 123 31207 + 144
140 2712 + 12 3246 + 13
280 1375+ 5 1633 + 6
1800 18 7835 + 42 9717 + 50
180 859 + 4 1052 + 5
360 452 +2 550 + 3
2000 20 5375 + 29 5748 + 30
200 593 + 3 635 + 3
400 315 +2 340 + 2
2400 24 2005 + 11 2146 + 13
240 235 + 1 253+ 1
480 131,7 +0.8 142.0 + 0. 8
2800 28 791 + 4 850 + 5
280 102.4+ 0.7 110.4+0.7
560 59.940.4 65.140.4
3200 32 33142 356 + 2
320 47.94+0.4 51.940.4
640 30,040, 1 32,640, 1
3600 36 145+ 1 156 & 1
360 23.940, 1 25.8 40, 1
720 16.20 + 0,08 17,51 4+ 0,09
4000 40 67.34+0.6 71,8 +0.7
400 13,10 = 0. 06 14,12 + 0,07
800 9.43 + 0, 04 10,25 + 0,04
4400 44 34,140, 1 35,740, 1
440 7.61 + 0,04 8,20 & 0, 04
880 5,76 + 0,02 6,24 4+ 0,03
4800 48 18,18 - 0,03 18,91 - 0,03
480 4.70 +0.03 5.07 4+ 0.03
960 3,77 40,02 4,09 + 0,02

* Typically in the analysis the total width is fixed

In

top-flavor model is a function of the mass
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o(pp = W)Br(W' - tb),

35.9 fb" (13 TeV)
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Conclusions

e LHC searches for W’ extra charged gauge boson often use sequantial
model as benchmark

e Even if sequential model incorporates a wide variety of models, search
results are not so general

* We consider top-flavor as an example showing that a very different
conclusion can be obtained from current data

* The main motivation probably is due to blind vs unblind flavor model
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