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why VES @ LAHC ¢ D g

1) Important process for the Standard Model

From the theory the cross-section* for longitudinal W *W,~ = W, *W,~scattering: [Denner, Hahn, 1997]
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* cross-section ( 0 ), a quantity expressing the
+ + —~ 1/E 2 likelihood of an interaction event between two

particles. Wikipedia


https://en.wikipedia.org/wiki/Cross_section_(physics)

Why VBS @ L¥/C 7

1) Important process for the Standard Model

VBS Without Higgs contribution:

A L ! W= W'ﬂ" WZ t\'\N\‘
+ +

W e VS bW
TWww X ._5‘2 —r O

Violates “unitarity” (probability>1) at ~2 TeV

Higgs contribution (or new physics, or both) needed

Higgs exactly cancels increase for large s
but *only* for SM H-WW coupling!

WEernt § —» 00

W

TECHNISCHE
UNIVERSITAT
DRESDEN

A. Alboteanu, W. Kilian, J. Reuter:

; gV — VI, no Higzs
.) ; N N
|
|}
!
|
'
- 'f"‘
(. o
i) -
l» :,."
" .":-
Wt VW= WTiv" ot >
17 05— W — Wl : =
V - : ) ';.
-‘ \ . :' .'/-
\ -
\ \ - .I
W- W- U o
\.‘ - - - - - > " -
{‘. - . - :
| - \\"x s . . .
02— ‘ = — 1§ P ¥
| |
0 1000 20000 SUuD
Vs |GeV|
\ FIVV — V1) with m, = 120 Gev
1 \
<
W+ 1
] S T - -~
| - - \--
| T - -~
| e SOy _—
I -~ _ ={
. A .
W 1001 — IS T S (e T
\ W'y — 2z
AN W+zZ . W-2
\ Wttt — T
S TE—2Z
L O S z 2z
I | |
U s (L 2000 RALE
2 1Gav]


http://arxiv.org/abs/0806.4145v1
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1) Important process for the Standard Model
2) Is a rare process that we can only observe now at the LHC

One quark in each of two colliding protons has to radiate a W or a Z boson. These extremely
short-lived particles are only able to fly a distance of 0.1x10-sm before transforming into other
particles, and their interaction with other particles is limited to a range of 0.002x10-sm. In
other words, these extremely short “weak lightsabers” extend only about 1/10th of a proton’s
radius and have to approach each other by 1/500th of a proton’s radius! Such an extremely
improbable coincidence happens only about once in 20,000 billion proton-proton
interactions, recorded typically in one day of LHC operation

from ATLAS briefing
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https://atlas.cern/updates/physics-briefing/weak-lightsabers
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Standard Model Production Cross Section Measurements Status: July 2018
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VVjj has two process classes: >

/ﬁ y
e W:W:jj-QCD:= O(a,2 X Q%) §

m Lowest order is pp = W:W:+ 2j,

m nNo gg initial state (special for W¥W+#) = low background
o W:W3jj-EW:= O(a,\°)

m contains VBS part (t-channel +QGC)
m interf(QCD-EW)~10% included

Final state Process VWijj-EW  VVjj-QCD Ratio

(= l'=y' jj W=W= 19.5 fb 18.8 fb 1:1
(fviTyjj WEWT+ZZ 0937 fb 3192 fb  1:30
(E0F 0=V W=7 30.2 b 687 fb 1:20

et 77 1.5 fb 106 fb  1:70
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m contains VBS part (t-channel +QGC)
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CMS observation of W#Ws4jj (5.5. s.d., CMS-SMP-17-004)
large statistics for limits, well verified via control regions,
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Figure 2: Distributions of i (left) and ni; (right) in the signal region. The normalization of the
predicted signal and background distributions corresponds to the result of the fit. The hatched
bars include statistical and systematic uncertainties. For illustration, the doubly charged Higgs
boson signal normalized to a cross section of 0.1 pb (left) and the distribution with aQGCs are
shown. The histograms tor other backgrounds include the contributions from QCD WW, Wry,

wrong-sign events, DPS, and VVV processes.
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AT LAS ATLAS observation of

EXPERIMENT W:W4jj (6.9. s.d., ATLAS-CONF-2018-030)
W:Zjj (5.6.s.d., ATLAS-CONF-2018-033)

L o Eel il B B B L i L L L T L C\! 45_ Sl ool [oaideaiaen-banl-taw] [aa Al Al it i | =_
§2] _— - ATLAS Preliminary ® Dat -
= - ATLAS Preliminary —¢— agt&:ﬁ W - S 40E GoioTevs1E" I:a:g:ggo E
> \s=13TeV, 36.1 fb" WWE i QCD 2 <F :
L 60 L | —| @ 35 = id. -
[ Non-prompt S = :
B e/y conversions w 30 3 =
2 Em WZ - 25:_ 3
[ Other prompt 3 -
, 4<4<<< Total uncertainty 20F =
40 4 = - g
Z 15 =
104 3
i -
5 2
g of =
© Lo ]
© T T, e Prre e iy
O i e lll LU T
R Tan G L Ll 4L
500 1000 1500 2000 2500 3000
-1 -0.5 0 0.5 1

m; [GeV]

BDT Score

27



@ AT L AS Discover Resources Updates
About, Physics, Multimedia, Education, Visit, News, Briefings, Features,

Collaboration, Detector Press, ATLAS 25 Portraits, Statements, Blog

U pdates Latest News, Physics Briefings, Press Statements, Feature Articles, Collaboration Portraits and Blog Entries from ATLAS
Physics Briefing Quarks observed to interact via minuscule “weak
f Tags: Physics Results, ICHEP2018 I Ightsa be I’S"

By ATLAS Collaboration, 5th July 2018
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Two among the rarest processes probed so far at the Large Hadron Collider (LHC), the scattering
between W and Z bosons emitted by quarks in proton-proton collisions, have been established by
the ATLAS experiment at CERN.


https://atlas.cern/updates/physics-briefing/weak-lightsabers
https://atlas.cern/updates/physics-briefing/weak-lightsabers
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Vector Boson Scattering @ LHC
7 VBSCan COST Network

investigate the Vector Boson Scattering (VBS) process and its
implications for the Standard Model, by coordinating existing
theoretical and experimental efforts in the area and by best
exploiting hadron colliders data, thereby laying the groundwork
for long-term studies of the subject and creating a solidly
iInterconnected community of VBS experts

N

https://vbscanaction.web.cern.ch/
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 Norway and Denmark will join soon as well

Country

} Belgium

b Croatia

b Czech Republic
» Finland

} France

F Germany

b Greece

b Ireland

b Israel

k Italy

» Netherlands
» Poland

» Slovenia

F Spain

} Sweden

» Switzerland

} United Kingdom
Total: 17

the VBSCan Action current shape

Date

25/01/2017
06/12/2016
21/02/2017
03/02/2017
17/11/2016
28/11/2016
01/03/2017
24/03/2017
07/03/2017
10/01/2017
21/02/2017
28/11/2016
17/11/2016
03/01/2017
25/01/2017
20/02/2017
08/12/2016
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Status

Confirmed
Confirmed
Confirmed
Confirmed
Confirmed
Confirmed
Confirmed
Confirmed
Confirmed
Confirmed
Confirmed
Confirmed
Confirmed
Confirmed
Confirmed
Confirmed

Confirmed

A)e are noew 2il CoUnlrieS !
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Meet physicists working at CERN Susret s fiziGarima koji rade u CERN-u u Zenevi
Find out what it’s like at the LHC Upoznajte $to to znaci raditi na LHC-u
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1) Important process for the Standard Model
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A. Alboteanu, W. Kilian, J. Reuter:


http://arxiv.org/abs/0806.4145v1
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VBF, VBS and Triboson

VBF, VBS and Trlboson Cross Sectlon Measurements

Status: Augcst 2016 [Lde
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Look at beyond the SM physics

W W W

The presence of new Physics in EWK sector modify gauge boson self- (2)TGC () TGC  (a)TGC
interactions W 7
Anomalous coupling approach: effective Lagrangian with anomalous W Zy 144
triple or quartic gauge couplings (aTGC, aQGC) Z/')’
|24 2%
Low energy effect from beyond SM physics can be modeled by GO (not in SM r
effective theories (SM+higher dimension operators) 7/ B (hov in o) ><\ (a)QGC
/
(d) u W 3%
Let=Lsm+ Y > 0o
) : : : Ad—4 1 conpling a'l'GC parameters channel
dimensiond i (All = 0 in SM)
A: scale of New Physics
Wy An s DNbiny WW, Wy
anomalous triple or quartic coupling terms (aTGCs, aQGCs) are WWZ QZ: Akz, AQIZ )‘,V W, WZ
in the effective Lagrangian Z 7~ he ., hi Z~
A single channel is not sensible to all the parameters Zy hi, hy Z
Z rZ
Need to study various processes to put constraints on all Zv4 Jios [in ZZ
operators ZZZ fios oo ZZ
Anomalous couplings manifest themselves as :
Enhanced production cross section coupling aQGC parameters  channel
(All = 0 in SM)
Modified kinematics distributions
WWWW, WWzZ g, g WW, Wz




aTGC limits results

Studied different kinematic distributions for limit extraction

WZ Transverse mass, Z pr, leading lepton and WZ Mass

Use the inclusive binned WZ Mr distribution to extract limits — less
sensitive to higher-order QCD and EW effects in perturbation theory
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stringent limits on WWZ anomalous
couplings to date
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measurements




aTGC limits results

Limit contours for the different aTGC coupling combinations are calculated by fixing 1 aTGC parameter to the SM
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The anomalous couplings can be reinterpreted in terms of the EFT parameters ci/A2 (i = WWW, W, B)

EFT coupling Expected [TeV'Z] Observed [TeV'Z]

cw/A? [-3.7;7.6] [-4.3;6.8]
cplA? [-270 ; 180] [-320; 210]
waw/A2 [—3.9 ’ 3.8] [—3.9 ’ 4.0]

T}lere 1S SZi// rUCh more o do channe/ S Zo eXp/ ore ard

corners of the SM 2o /ook at'!
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