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Motivation
e Light Higgs boson found

e SM-like (clear from EWPQO)
e Mediator of EWSB found

e Mechanism of EWSB still poorly understood:

» single Higgs field vs. Higgs sector
» Higgs potential: stable vs. metastable vs. unstable |?
» Higgs self-coupling vs. Higgs field scattering
» Importance of longitudinal EW gauge bosons
4

e Deviations from the SM: where? what? how?
e Anomalous Triple Gauge Couplings: dibosons
e Anomalous Quartic Gauge Couplings: tribosons, VV scattering

e Hot topic: Snowmass BNL 04/13, SM@LHC Freiburg 04/13,
LHCEWWG 04/13, Snowmass 07/13, Dresden workshop 10/13




Extensions of the SM
» Lagrangian of the EW SM (no fermions/QCD here):

Low = —%tr [WWW"”]—%BM,,B“”HDH@)T(D“<I>)+u2<I>T<I>—)\(<I>T B)?
with building blocks:
D, =8, + %gffwﬁ + %QIBH
W = %g#(auwi — W + gergxk Wi W)

i
Buy = 5 0By — 8y By)

» Any EFT has higher-dimensional operators: Weinberg, 1979
= i nB) | Ci 6 | Cin®)
£_£5M+¥[AO’ + 500+ 170

» without more fundamental theory = no clue on the scale (neither on
the coefficients)




Effective EW Dim. 6 Operators

Hagiwara/Hikasa/Peccei/Zeppenfeld, 1987; Hagiwara/Ishihara/Szalapski/Zeppenfeld, 1993

>m< >=< — X o) = %tr [J(I) - J(I)]
O1 = 7= (D®)I®) - (h1(D™)) - % |D2f?

O = 72(®1® —0%/2) (DP)T - (D)
:Zé < ; é ) 1
% — h3 = A2

(®TDd—0?/2)3

oolr—'




11 2 v
Oaw = —355(27® —v?/2)tr [W,, WH]
14 v
Op = FQ(DutI))TB“ (D, ®)
11 v
O‘I)B = —le(@i‘(b — UQ/Q)B/,LVB”
1_
— OVq = —qh(th)q

A2




Effective Dim. 8 Operators
Hagiwara/Ishihara/Szalapski/Zeppenfeld, 1993

Oy = 3ztr [Wy x WP(9TS [D,, DH] ®)
O, = (Dr®)(D¥®)(®'[D,,D,] ®)

» operators linked through e.o.m.

» SM: 59 independent operators (1 fermion gen.) BuchmillerAyler, 1986;

Grzadkowski/lskrzynski/Misiak/Rosiek, 2010
» Renormalization mixes operators

» Beware of power counting
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Classification of Operators (I): Dim 6

e Dimension-6 operators (CP-conserving)

(always v 2 subtracted)

_ 1 w 1
OWWW — TT[W;LVWVPWZ'] OBCI) = 8;L P @)8 (‘1) <I>)
Ow = (D,®)'WH(D,®) Oew = (cbfcb) WA W ]
_ t guv
OB = (Dl—Lq>) B (DV(D) O@B = (CI)T )BM B/,LIJ
e Dimension-6 operators (CP-violating)
Oww = OTWwre Owww = TWLWYPWH
Oy = o'BuB™o O = (Du®)'W" (D,o)
ZWW | AWW | HWW | HZZ | HZA | HAA | WWWW | ZZWW | ZAWW | AAWW
Owww v v v v v v
Ow v v v v v v v v
Op ' v v v
Oga v v
Oaw v v v v
Osp v v v
Owww | v v v v v
W v v v v v
Oww v v v v
5B v v v




Classification of Operators (ll): Dim 8
e Dimension-8 operators (only D, ®)

e Dimension-8 operators (only field strength/mixed)

O
Or,1
Or 2
Or5
Or.6
Or,7

Or.g
Or9

(always v2 subtracted)

Oso = [(Dm)T D.,@] x [(D“@)TD%] ,

Os,1

W, W] - BagB*?
T [Wau WH] - Bls B
Tr [WWW“B] B, B*™,
BuwB" BoagB*?
BapuB*?Bg,B"® .

W WHOT - T [W g W

[
[
T [WauWH?] T [W g, W
[
[

[(DHQ)T D“<I>] x

1,
1,

[(D,,<I>)T D”<1>] ,

T (W, W] - [ (Dg@) D%]
[ B] [(DB':I))TD“':I)]
B B*] [D;;@)*D‘* ] ,
B, ] [(DB<1>)TD“<I>] ,
(D, @) W, D“<I>] B,

) W, D¥ @] B
(Du®)' Wa, W DHa|

|
(B
[
[(D @
[
[

(Du®)f W, WD 0] |
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Classification of Operators (1)

WWWW | WWZZ | ZZZZ | WWAZ | WWAA | ZZZA | ZZAA | ZAAA | AAAA
Os.01 v v v
Onro/1/6/7 v v v v v v v
Onra/sass 7 7 v 7 7 7
Or.0/1/2 v v v v v v v v v
Or.5/6/7 v v % v v v v v
Ors/0 v v v v v

» Dim. 8 operators generate aQGCs, but not aTGCs

» generate neutral quartics

» Redundancy of the operators:

Equations of motion: D, W"" = &' (D"®) — (D" ®)® + ...
Gauge symmetry structure: [D,, D, | ® « W, ®
Integration by parts (up to total derivatives)

Leads to relations like:

1 1
O = Oy + §OWW - 5038
Opw = 20w —Oww
Oow = —4Owww + gauge-fermion operators




Classification of Operators (1V)
Originally for heavy Higgses or Higgsless models

Lx 9ﬂ1£0+zazﬁ += Z <5>c<5>+

tr [TV ] tr [TV#]

Za<6)c<6>+ o™= _cn

= tr [V, Vo]t [TVA] tr [TVY]

itr [B, [VH, V"]
= itr [W o [VH, VY]]

tr [V, VA tr [TV,] tr [TVY]

= Ltr[TW,,]tr [TWH]

= tr [V, V]t [VAVY]
tr [V, V] tr [V, V"]

Lt [TW ] tr [T[VH, VY]]

= L (e [TV, tr [TVH))?




Classification of Operators (1V)
Originally for heavy Higgses or Higgsless models

n—4

1 1
Ly 3 B1Ly+ Zaiﬂz‘ + 5 Zag‘r))ﬁ(s) + 2 Z al(.6)£(6) +... agn) = X”—‘* cy
U2

Ly = Xtr [TV,]tr [TVH]

Ly = tr[Byu, WH] Le = tr[V,V,]tr[TV#]tr [TV"]

Lo = itr [B,,[V#, V"] L7 = tr[V,VH]tr [TV,]tr [TV"]

L3 = itr [W,,, [VH, VY]] Lg = 3tr[TW,,]tr [TWH]

L4 = tr[V,V,]tr[VAVY] Lo = Ltr[TW,,]tr [T[VH, V"]

Ls = tr[V,VH]tr[V, VY] Li0 = 3 (tr[TV,]tr [TVH])?

Indirect info on new physics in g1, a, . .. (Flavor physics only in M)
Electroweak precision observables (LEP /I, SLC):

AS = —16may a1 = 0.0026 £ 0.0020
AT = 281 /aqep B1 = —0.00062 % 0.00043
AU = —16mag ag = —0.0044 £ 0.0026




The Fundamental BU|Id|ng Blocks

» V = %(DX)! (longitudinal vectors), T = 3% (neutral component)

» Unitary gauge (no Goldstones): w =0, i.e., ¥ = 1.

i 1
vV — —% [\/_(W+T++W_ ‘)+—ZT]

W

T — 73

» Gaugeless limit (only Goldstones) (g, ¢’ — 0):

V— - {\/_8w+7'++\/_8w7' —1—827'}—1—0( )
T —7° ~|—2\/_ (whrt —w™r7) +O(v™?)
So T projects out the neutral part:

tr[TV] == {824— (whow™ —w~ow )]+0( %)




Anomalous triple and quartic gauge couplings

_ _ A
Lrgeo = ie [g?AM (W;W“”” -wiw “") +RTW WA e ”ijA"“}
w

z
ow |z — it - Zy— A et
+ 1esw |:g1 Z, (]/VV W _wty ;w) . Tw Zn 4 . - v Vpru:|

vv’ _ 1,h%% =g

72
SMyvalues: g7'% = k7% =1,A"% =0and 6, = 510;753‘:” 912

Agy =0 AR = g% (a2 — 1) + g o3 + g% (0 — 8)
2
Aglz=6z+fTaa Ak? =67 — g’ (a2 — o) + g% as + g% (ao — as)

2
Agl" =Agy" =0 AgQZZ — 2Ag?z _ Tf (as + a7)
w

2
Ag'lyz = Ag;Z =6z + —fz as AngW = 2c‘2,vAg'1YZ + 2g2(a9 — asg) + g2au
w

2
AgP? =20077 + L (s + ag)

hZZ = g% (g + a5 + 2 (a6 + a7 + a10)]

Al =2¢2 AgYZ + 297 (a9 — ag) — g° (o + 2a5)




Anomalous triple and quartic gauge couplings

2 v — 1wt —vot
Loco =e [Q?WA”A W, W5 —g37 AMAW Wu]
2 Cw z -wt +— z - +
et [0 arz (wowh +whiwr) — 2977 arz,wrwl]
2
+ Sy (o772 2w W — gl 2R 2, W W
SW
2
€ - viir— wWwW - 2 zZ 2
+ o [glwww “WHWLIWE — g (W “Wjj) ] T G )
72
SMyvalues: g7'% = k7% =1,A"% =0and 6, = 5102“’775;‘1 g}’/‘g’ =1,r%% =0

Agf =0 ARY :g2(oc2 —a1)+g2a3 +g2(a9—o¢g)
2
AgY =67+ Zras Ar? =67 — ¢ (az — 1) + g%as + g% (as — as)

2
Agl" =Agy" =0 AQQZZ _ 2Ag¥z _ c%r(as +ar)
w

2 2
Ag'lyz = Ag;Z =6z + 32 as AngW = 2c‘2,vAg'1YZ + 2g2(a9 —ag)+ g au
w

2
AgP? =20077 + L (s + ag) N

hZZ = g% (g + a5 + 2 (a6 + a7 + a10)]

=2¢%,A977 +2¢% (a0 — as) — ¢° (0 + 2a5)




Anomalous Gauge Coupllngs at LHC

Anomalous quartic gauge couplings, by chiral EW Lagrangian:

2
fo= as Z [wHwhHw—wo) + wHw )]+ w2y w o 2) + ——(22)
2 2 2c‘¢v

‘w
92
L5 = a57{<w+w 24 2 whwe ><ZZ>+C—(ZZ> }
W w

(all leptons, incl. 7):
D(x2, Q?)

pp — JI(ZZJWW) = jil™ vy

o = 0.05pb
Background:
> i — WbWb, o ~ 50pb
» Single t, misrec. jet: o =~ 5pb
> QCD: o ~ 0.2pb




Tagging and Cuts:

vV vyVvVyy

Lljj-Tag,
|An;j| > 4.4,

Ej > 600,400GeV, pj ; > 60,24 GeV

min

Miag' < Mo < Migg”, b-Veto

M;; > 1080 GeV
[ Minijet-Veto: pr ; < 30 GeV]

AT

£

S

WHIZARDIEW] - 0,003, X100

e
M (jetjet,) [GeV]

# Events / Bin

Mertens, 2006

Improves S/+/B from 3.3 to 29.7

Limits suffer from

» Experiment: Background
» Theory: Definition of MEs

$

#Events / Bin
g 8

=0 (SM)
=0.006

2000 2500 3000
M (jet jet,) [GeV]

# Events / Bin
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Different Selection Criteria

o General selection criteria

» exactly 2 leptons within detector acceptance,

» 2tag jets with 2 < |n;| < 5 and opposite directions,
no b-tag

M5, My, > 200 GeV

ij > 400 GeV

ARj > 0.4

pt, pi2 > 40 GeV

|7711 |! ‘m2| <15

A¢ll > 2.5

My > 200 GeV

vV VY Y VY VY VY VvYY

° Proposal of new variable Doroba/Kalinowski/Kuczmarski/Pokorski/Rosiek/Szleper/Tkaczyk, 1201.2768

— —
Ry = (pr' - pr?) [ (07" - p7?)
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Doroba/Kalinowski/Kuczmarski/Pokorski/Rosiek/Szleper/Tkaczyk, 1201.2768

e Proposal of new variable

— —
Ry, = (o7 -p7) | (07 - p7?)

o Works well for WEW =, not feasible for W+w

40 60 80 100 " 1%'9( ,MOV:)
o p (10° Ge!
P p vs p™ p® — Signal

o V¢ 3 ~ 20
3 1B E El % 18 E 3
© E | © 18 E|
) B El 14 E El
o F El 12 E
& p p/pd' /o = 3 Parad o™ b /o) /o = 12 E
= 3 % 8 E 3
6 E E
4 —\7 E
2 E E
1 | 1 | | 1 0 b 1 1 | | | | 1
40 60 80 100 1330( ‘140‘,) [ 20 40 60 80 100 1%20( 05143/)
pr' pr (10° Ge! e p" (10° Ge!
p' p vs p" p™ — Background ' pi" p vs p™' pi — Background

N T T T T T 3 Fad T T T T
% E 3 3
[ 3 <] 3
> E ® E
= 3 5 3
= = .
S 7\/v\/ E

[ Lo | 7 1

L
40 60 80 100 " 12"0( 0’14?/“)
o p (10° Ge
P pEvs p" p — Signal

e Might allow to relax jet vetoes: gain for high pile-up!
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Matrix Element Method (MEM)

Kondo, 1988; Dalitz/Goldstein, 1992; CDF; D& ; Freitas/Gainer, arXiv:1212.3598

e Construct a likelihood from the squared matrix elements
e Marginalize over invisible particles
> Case Study fOf pp — ]jW+W+ Freitas/Gainor, 2012
» Up to now only compared to dilepton mass: my,
: : : ‘ — oF :
12r
10f 8
S MEM o 6
F o F
4
Y ,
N
N medistr. -
oL P . T heirlidis (il 0
200 400 600 800 1000
mpyg

» Important possibility for gain of sensitivity




Classmcatlon of approaches

Remarks:

>

>

>

EFT approach leads to new interaction vertices
Coupling constants are EFT Lagrangian parameters

Framework for higher-order corrections straightforward (though rarely
needed)

Threshold/soft-collinear resummation = momentum-dependent
couplings/form factors

Anomalous couplings understood as effective vertices/vertex functions
Nevertheless: Lagrangian for new physics reconstructable

Parameterize new physics effects as new resonances/particles




~42og pDoiior  Elootoweol Phucice — Overview . ATLAS SM Workshop 2013 Harvard. 19.9.2013
Classification of approaches

» Switch diff. operator bases (dep. on vertex): Snowmass EW White Paper
. fs,0 v* . _ fso vt
for the WWWW-Vertex: ay = o ? for the WWZZ-Vertex: gy = ve 1—6
fsa v f5,1 v?
sarEies STy ¥ T

for the ZZZZ-Vertex:

f f v
5.0 s,1>

A At ) 16

ayg + =
avos = -

» Full agreement among generators: VBF@NLO, WHIZARD, Madgraph

BFNLO Tggoig =10 ToV* ——
086 MafiGraphS4JFO fgy=ts,=-10 Tev™*
Whiz fgg-igy=-10 TeV*

do/dnny 1]
do/ i [fo]

rel. to wgt mean
& 8 &
e
A
rel. to wgt mean
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Classification of approaches

Hagiwara/Ishihara/Szalapski/Zeppenfeld, 1993; Wudka,

e Translation between operator bases:

1994; Degrande/Greiner/Kilian/M

r/Willenbrock/Zhang, 2012

Mebane/Stel.

10

Y — -
Agl =0 2 10°) : Unitarity Bound

z my .
Agl = CWLaT w b
Aky = (cw + CB) 2A2 dMyy GeV' 2 o

m? (400 GeV)?
Akz = Oz+(ew —eptan®Ow)od | LTSS
2,2 ol s T
3g%m
Ay = Az =cwww 5
0 500 1000 1500 2000
My (GeV)

o Effective Field Theory description valid, if
» 5 < A% new physics out of direct LHC reach

» Operator coefficients rather smallish, e.g. cwww < 1
» No large logarithms in the game (resummation)
e Relation Ag? = Ak + tan? Oy Ak, invalidated by dim 8 operators




Unique way of operator assignment?

» Usage of different measurements: W+, WZ production: WW- vs.
WwZz

» VVV and VBS to access the highest possible energies
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Incoherent sum of channels at LHC prevent eliminating operators!




Unlque way of operator aSS|gnment’?

>

Usage of different measurements: W, W Z production: W~ vs.
WwZz

VVV and VBS to access the highest possible energies

Answer: NO UNIQUE WAY!

But: at ete~ machines, gauge-fermion operators can be rotated away
At LHC this is not possible! Buchalla et al., 1302.6481

There is no common operator basis for V' + jets, VV, VVV and VBS
at LHC

Incoherent sum of channels at LHC prevent eliminating operators!

Similar to B physics: observables process [decay] specific




20/28 R E Rlysi : S

(Integrating out) Resonances

Operator coefficients = new physics scale A: a; = v*/A*

» Operator normalization is arbitrary
» Power counting can be intricate

New physics in electroweak sector:

» Narrow resonances = particles
» Wide resonances = continuum

b1 < 1 = SU(2). custodial symmetry (weak isospin, broken by hypercharge
g’ # 0 and fermion masses)

J=0 J=1 J=2
I=0 o (Higgs ?) W (/2" f° (Graviton ?)
I=1 ﬂi,ﬂo (2HDM ?) pi,po (W’/Z/ ?) ai,ao
I=2| ¢t*, ¢F, ¢° (Higgs triplet ?) — tHE ¢ 10

accounts for weakly and strongly interacting models




Integrating out resonances

» Simplest example: scalar singlet o:

Lo = —% [0(M? + 0%)0 — govotr [V, V*] — hetr [TV ] tr [TV*]]

2

2
» Effective Lagrangian £ = {gatr [V, V#] + hotr [TV ] tr [TV“]]

8M2

» leads to anomalous quartic couplings (aQGCs)

2

2 2
Qa5 = g?, <8L3) ar = 2gshe (81}73) Q10 = 2h3 (8UM2)

o

a A%5
Resonance o 1) p f a
2 A0
T[g2M?/(64mv?)] 6 1 () & — - ¢
Aoy [(167T /M) (vt /M*)] | 0 1 3 5 -5 i
Aas[(16T /M) (v /MY)] | & -5 -3 -5 % P




Unltarlty of Amplltudes
UV-incomplete theories could violate unitarity

Cross section: o= [d0d = 1| M|?

Optical Theorem  (Unitarity of the S(cattering) Matrix):
oot = Im [M“@ = 0)] /S t = —s(1 —cosf)/2

Partial wave amplitudes: ~ M(s,t,u) = 327> ,(2¢0 + 1).As(s)Py(cos 6)

Assuming only elastic scatterlng
Orot = Ze 327 2€+1 ‘A |2 Z 327r(2f+1)|m [A] = |A£|2 Im AZ

Argand circle || A(s) — | =

N

—MTy
s—MZ2+iMT

Counterclockwise circle, radius “s*
Pole at s = M? — i MT ot

Resonance: A(s) =

Re[A]




e

Unitarity in the EW sector: SM

» Project out isospin eigenamplitudes Lee, Quigg, Thacker, 1973
1 0
Ag(s) = Ton —A(s,t,u)Pg(l +2t/s) cosf =1+ 2t/s

Remember Legendre polynomials:  Py(s) =1 Py (s) =cosf Pa(s) = (3cos? 6 —1)/2

» SM longitudinal isospin eigenamplitudes (A spin—.7):

t—u s

Armo =2 *Po(s) A= =Pl A= —U%Po(s)
Ao = ﬁ Ag = ﬁ Az = —ﬁ
exceeds unitarity bound |Ar,| < 3 at:
Higgs exchange: -
I=0: E~ V8rmv=12TeV } <
I=1: E~ Vi8rw=35TeV Als,tyu) = Uz ssz

I=2: E ~ V16wv =1.7TeV Unitarity: Mg < V8mv ~1.2TeV




K-Matrix Unitarization and friends

K-Matrix unitarization Tm{A] 4

A(s) 1+ 3A(s)
A = A — il

x(5) 1—iA*(s) () 14 |A(s)]? 2 A (s)
Unitarization by infinitely heavy and Re[A]
wide resonance Als)
1 » Low-energy theorem (LET): -5
Ax » K-Matrix amplitude:
AP = 5 571
2v 4v 6v > Vs g

Form factors
Modification of vertices:
Ap(s) = A(s) - (14 =55) 72
understood as resummed amplitude
damps high-energy tails




VBS Slmpllfled MOdeIS (l) Alboteanu et al., 0806.4145; JRR/Kilian/Sekulla, 1307.8170;

1310.xxxx

Assumptions:
» LHC is in discovery reach of new physics
Parameterize new physics by spin and mass
Describe resonance physics by amplitude as correct as possible
Use K-matrix unitarization to define a consistent model

vy vy

Example: Scalar Singlet
» Lo=—10(M;+0%) 0+ % 0tr [V, V¥

» Feynmanrules:  ow'w™ : =292 (ky - k_)  ozz: —282(k -
g s
» Amplitude (s-channel exchange): A% (s,t,u) = 22

» Isospin eigenamplitudes:

2 2
A()(Stu) = %(35 M2+t M2+u M2>
2 2 2
A tw) = % (- 4
2 2 2
Ast) = % (o + )
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VBS Simplified Models (Il): Unitarized Resonances

Alboteanu et al., 2008; JRR et al., '13

» Partial wave coefficients no longer polynomial:
S(s)—Mz—ﬁ—l—%AlloL
0= 2 s 8 + M2

» Amplitudes and s-channel pole unitarized on same footing

Rrj(s
Apy(s) = APM (5) 4 AASM) (s) AASM) (6) = Fry(s) + ; Z&l

» Include full SM + aTGCs + aQGCs (+ a HC)!

,// ~
> i i E—— 5 e
» Ongoing theoretical study Kilian/JRR/Sekulla, 2013

> “a‘“ p‘ﬂ|im|naﬂ‘ tesulis |




Summary/ConcIusmns
» SM deviations in EW effective Lagrangian (SM + higher-dim. op.)

» Triple/Quartic gauge couplings measured either
— via diboson production
— via triple boson production
— via vector boson scattering

» Unified description for different channels difficult

» VBS Simplified Models: EFT approach for low-energy regime,
unitarized by form factors in resonance scheme at high energies

interpreted as resonances coupled to EW bosons

Approach includes/generalizes standard EFT ansatz

Issue of unitarity (PDFs help — but kill energy reach)
Photon-induced processes: better sensitivity, but higher constraints!

vV V. vV v VY

Sensitivity rises with number of intermediate states:

— LHC sensitivity limited in pure EW sector: ~ 1 — X TeV (??7?)
- ILC T 15—-6TeV

> _Theory community is working hard on that!




AQGC Workshop Dresden 30.9.-2.10.2013
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Isospin decomposition

» Lowest order chiral Lagrangian (incl. anomalous couplings)

2

L= tr [V, V"] + autr [V, V, ] tr [VAVY] + as (br [V VH])2

4

» Leads to the following amplitudes: s = v, + 922 ¢ = (1 — p3)2 w = (1 — p2)2

A(s, t,u) = A(wtw™ = zz) = %
v
t

v2

AwTz = wtz) =

u

AwTw™ = whw™ )=-—
v

s

AwTwt - whwh) = -
v

A(zz = zz) =

t2+u
04

+8O¢)i + 4oy
t2 52 2

"1‘8015,‘}*4 +4(X474

2 2 2

+ +8a4i
o4

+ (4as + 2as) .

2 2 2

s t“ +u
+ 8a4—4 + 4 (g + 2a5) "
v v

s2+t2 +u?

8 (g + av5) po

» (Clebsch-Gordan) Decomposition into isospin eigenamplitudes

A(I =0) =
AT =1) =
A =2) =

Alt, s, u)

3A(s, t,u) + A(t, s,u) + A(u, s, t)
— A(u, s,t)
A(t,s,u) + A(u, s, t)




Eigenamplitudes
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“Partonic” cross sections

0
9(VV —+ VV), o Higgs. ay = 05,05 = 0.2 with K matrix

S(VV = VV), no Higgs

S(VV =5 VV) with m, = 120 GeV

0.1

001

00014

24 104 (VY 5 VV), with 500 GeV veetor isovector S(VV = VV), with 500 GeV
N
03 N
02

01
01
0 001

T T
o BN i
e

» (VY = VV)innb Mp =500 GeV
» all amplitudes K-matrix unitarized
» Cut of 15° around the beam axis




LHC Example: Vector Isovector

2008

» Example: 850 GeV vector
resonance, coupling g, =1

(Theory) Cuts:

— p1(fv) > 30 GeV
- |6R(v)| < 1.5
— 0(u/d) > 0.5°

v

v

v

Agp(LL)
Ongoing ATLAS study

— More kinematic observables

v

— Comparison and validation phase

— first reproduce SM
— then anom. couplings/BSM
resonances

Integrated luminosity: 225 fb—!
Discriminator: angular correlations

# events

# events
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00

10

Alboteanu/Kilian/JRR,

T T T T T T
pp->lvivdu, Vs=14Tev

with 850 TeV vector resonance 17zzzzz1
without resonances s

400 600 800
Mir(GeV)

1000 1200 1400 1600

with 1 TeV vector resonance 7zzzzzza
without resonances sswssss

T T T
pp->lvivdu, Vs =14 TeV

.
é.
i

1 15 2 25 3
AD(T)

T ————— =
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Backup: ILC example: Triboson production

ete” — WWZ/ZZZ, dep. on (a4 + as), (a5 + ar), aa + as + 2(as + a7 + a10)
Polarization populates longitudinal modes, suppresses SM bkgd.

1

wwz

i
1<)
T

2

coupling strengths 16mor
o 14
T T

&
T

N
1<)
T

N
&

T T T T T

A

L | | L

1
-10 -5 0 5 10 15
coupling strengths 16ra "

Simulation with WHIZARD

Kilian/Ohl/JR

1TeV, 1ab™ %, full 6-fermion final
states, SIMDET fast simulation

Observables: M3y, M, <(e™, Z)
A) unpol., B) 80% ez, C) 80% e, 60% e

wwz 777 best
16w2x || nopol. | e~ pol. | both pol. || no pol.
Aaj 9.79 4.21 1.90 3.94 1.78
Aoy —4.40 —3.34 —1.71 —3.53 —1.48
Aa;’ 3.05 2.69 1.17 3.94 1.14
Aag —7.10 —6.40 —2.19 —3.53 —1.64

32 % hadronic decays
Durham jet algorithm
Bkgd. it — 6 jets

Veto against E2,i; + p7 i

No angular correlations yet
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Backup: ILC example: Triboson production

ete” — WWZ/ZZZ, dep. on (a4 + as), (a5 + ar), aa + as + 2(as + a7 + a10)
Polarization populates longitudinal modes, suppresses SM bkgd.

15,

Simulation with WHIZARD  «iianonr

1TeV, 1ab™ %, full 6-fermion final
states, SIMDET fast simulation

Observables: M3y, M, <(e™, Z)
A) unpol., B) 80% ez, C) 80% e, 60% e

. wwz r:\nd 777 c‘ombined ' ' B
. lof B
NB
& o E
5
5 ofF 1
v
£ 4 E
S
© -10F b
-15 1 L | L |
215 -10 5 0 5 10 15
coupling strengths 16ra "
Wwz 777 best
16w2x || nopol. | e~ pol. | both pol. || no pol.
Aaf{ 9.79 4.21 1.90 3.94 1.78
Aoy —4.40 —3.34 —1.71 —3.53 —1.48
Aa;' 3.05 2.69 1.17 3.94 1.14
Aag —7.10 —6.40 —2.19 —3.53 —1.64

32 % hadronic decays
Durham jet algorithm
Bkgd. it — 6 jets

Veto against E2,i; + p7 i

No angular correlations yet




