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It seems that there is a mass gap between the SM states and the BSM
states, so their effect can be encoded in an EFT

E—CSM+Z NGO

H?G Gy H?(9,H)?
H>HFff

Only job of the LHC
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"Lepton colliders are for precision, hadron machines for discovery”
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This paradigm has been proven

wrong on both sides

Standsrd Model Production Cross Section Measurements.

% Wl

One particularly interesting way in which it is wrong is that
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-If a deformation gets enhanced at high energy
o~osu(l+ cE?/N?)

0.1% precision on ¢ at E ~200GeV <> 10% precision on o at E ~2TeV

-Previous example, (D, W,,) & (D,,B,,) induce E? growth in Drell-Yann

-In this talk, we will focus on diboson.
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Diboson in the SM
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Sum does not grow with energy, as expected.
However, it is obvious that a generic deviation from the SM relation will
be amplified at large energies.
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LHC diboson analyses
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while all other parameters are set to

their SM values.

LEP2 : 4gf =0.051+0.031, dx, = —0.067+0.061, A\, = —0.067 =0.036
LHC : oJgf =0.0104+0.008, Jk, =0.017£0.028, A, =0.0029 £ 0.0057
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This high energy behaviour is whyLHC has surpassed LEP bounds on
aTGC, with ~ % on dk., dg1, and A,.

However, this means that LHC is reaching the precision at which Z-pole
measurements bounded the Zff vertices. e.g.

e?sinf .
m ) [—Oggq + ((5&7 - 5/{}2)Qf55v + O(SO)
w=w

M(RR;00) = —i
We will study diboson including aTGCs
g1z, 0K~ , Ay
together with vertex corrections

sgfv,  ogh',  ogld,  ogH

Corrections to W vertices not independent: 6g"V4 = 5ng“ — 6gLZd.
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LEP anomalous vertices

Model independent bounds on Z coupling to light flavours really bad:

Must reconstruct the charge of the jets to distinguish up- from
down-quarks, and quarks from antiquarks for the asymmetries:

0gpl ~ ogll ~ 0gfd ~ 5%, oghd ~ 15%
But being agnostic in flavour is not a good attitude in life: if
U fiHT DL H
A2 i Twl [0

offdiagonal c’s must be insanely tuned if A ~ few TeV.
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LEP anomalous vertices
a) MFV: SU(3)® kills offdiagonal corrections and relates different families,
e.g.

3

ogf' = —0.002 + 0.003 1 043 052 0.23
ogh' = —0.003 + 0.005 B 1 019 036
sgfd = 0002 + 0005 7 1 0.90
6g? = 0016 + 0.027 1
b) Flavour universal:
[6giz"]5 = Adj
sgf’ = -—0.0017 £ 0.002 1 083 004 -0.11
Sgh' = —0.0023 + 0.005 _ 1 -013 -0.05
sgf? = 00028 + 0.0015 ° 7 1 089
bgid = 0019 + 0.008 1
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Process Higgs basis

quq. — Wi Zr +Ay
g — Wi Zi | —og{" +0g/7 +0.770g1,
upup — W—,+— W; -{—)\»y
didi — WFWz -\,

drug — W W, | —6gf9 +0.356g1, + 0.050%-
didp — WW, | —ogf" — 0.436g1, + 0.056k.,
drug — WrW, | —6g§" — 0.156g1, + 0.190k,,
didg — W, W, | —6g§? +0.070g1, — 0.105x,

(Notice accidentally small coefficients for TGCs)

We want to perform a global study to answer two questions:
1) Do nonzero Zff affect LHC aTGC constraints?
2) Does diboson give us any information on Zff couplings?
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LHC diboson analyses

We did an analisis taking into account several dilepton searches at 7, 8

and 13TeV

Detector L[fb™ 1] +/s Process Obs. Ref.
ATLAS 46 7TV WW — wiv  pb) 1210.2979
ATLAS 203 8TeV  WW — fwtv  p) 1603.01702

CMS 194 8TeV  WW — fuly  my 1507.03268
ATLAS 203 8TeV  WZ - wll  prz 1603.02151

CMS 196 8TeV  WZ —(ull  prz 1609.05721
ATLAS 133 13TeV  WZ — fvfl  mwz | ATLAS-CONF-2016-043

Cross check with ATLAS/CMS is ok, e.g.
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Constraints on aTGCs

Global 7 parameter fit on diboson data has flat directions:

pp->WW,WZ (7,8,13TeV)

Pp->WW,WZ (7,8,13TeV)

PPWW.WZ (7,8,13TeV)
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Global fit to diboson / Exclusive fit

When including vertex corrections, LHC data cannot fit the TGCs due to
flat directions. Must include LEP constraints on Zff vertices.

2 2 2
X = Xdiboson + XLEP
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Constraints on aTGCs

pp>WW, WZ (7,8,13TeV)
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- diboson, anomalous Zff=0
- diboson, anomalous Zff=MFV
- diboson, anomalous Zff=FU
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Constraints on aTGCs

Important to remark that there are no model independent fits. Even
here, hidden assumptions:

LD ek, WHW, Aw + i—g M WEW, A,
W

Induces magnetic dipole moment ~ dx, + A, and electric quadrupole
~ 0K~ — Ay, and both must arise at loop level for minimally coupled
theories.

Ok Ay 1

0812 0812 1672

Profiling over dx) and )\, assumes to be comparable to dg1,. For a large
class of theories, can be set to zero.
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Constraints on aTGCs

pp->WW,WZ (7,8,13TeV)
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anomalous ZfFf @ LHC

pp—~>WW,WZ (7,8,13TeV) and LEP Z-pole
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diboson only,
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A glimpse to the future
It is interesting to investigate the capabilities of a HL-LHC phase

Number of events with m;>m§""

104 .
3000/ pp-e’uvev, @13TeV

1000/

1000 300/fb -

100/fb e el

Nevents
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cuT
my

-We used the my, observable of pp — fvfv channel.
-Naive rescaling of the 8 and 13TeV systematics: 15% and 30% in the

overflow bin. As a dramatic case, we consider 30%/60%.

-The 15%/30% approximately reproduces the ATLAS projections for the
TGCs.
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A glimpse to the future
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A glimpse to the future
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Interpretation

LHC sets bounds < %. This means that is probing scales

2
g2l ~ c% & A/VC > 2TeV

For ¢ > 1, A > 2TeV and E/N\ < 1 thus the EFT expansion makes sense.

At the same time,

o c6 E2 c2 g E*
—~ 1+ 7ﬁ + (T —_— ﬁ
OSM 8sm 8smv 8sm

We are sensitive to cg terms. To neglect dimension 8 terms, if cg ~ ¢, we
require cg > gsM .-

Currently, E < A\ guarantees c? >> gsy/Cs.
This also means that we are only testing strongly coupled theories.
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Interpretation

A simple toy model: vector custodial triplets L,,, R,

L e
g
Linn = L [’YHg*J,Ija + W;Jﬁ + Zng*Jlfa]
F

/
+ RS léHg*J[j + 6V§JM + deg*J[]
F

1
- %(5,4&/?;4;” +h.c)

Marc Riembau (IFAE/DESY)

8 November 2017

22 / 25



Interpretation

Assuming m, > E, one can integrate out the heavy vectors and match

with the EFT:
2, 12 2 2
g"+g " my | cHwE 1 2 ”2
S = - — + g °YHYY + 8 TOHdy) + ...
g1z P [ Tom2 gz,glz( HYV HOV)
2 2
& My
Sk = — C + ¢
¥ 1672 2 (cHw + cHB)
2 2
Ay == % W s
1672 mi
2 2 2 12 4
Z my, 8 g g
st = W= e + 55 <+'YQ'YV -z 5w +5H5v)> + O0(=)
m; g &5 3g°—¢g 8y
Zd
ogf =

Even the simplest model leads to a hierarchy of couplings:

2 2 2
Zu,d . i 8 . i 8 i g
5gL7R . 5glz . (5%7 . )\'Y ~ ? . . 167[-2 . @
for 4w > g, > g, realization of previous assumptions:
(5 Zu,d
gL7R > (58’12 > 5%7 > )\’Y
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Interpretation

Complementarity among different physics:

(8x9q)? 8280H
m3 m?

higgs~ (894 " iboson~

dijets~ o

e.g., composite q;, g« = 4,

dijets : m, > 6o 40TeV
higgs : m, > dg 8TeV
dijets + higgs :  m? > §gdy (18TeV)?

5 |0Q0H| (14TeV)2, 0QoH <0

diboson : m; > )
’(5@5/4‘ (2OTeV) , 5Q5H >0
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Conclusions

- Diboson offers a window to precision physics at LHC

- Current diboson data can be used to improve some LEP Z-pole
constraints.

- In the future, not including the vertex corrections in diboson analyses
will not be an option. Huge impact on TGCs and potential improvement
with respect LEP.
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