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Many great talks, covering experiment and theory Q(IT

a New experimental results on many fronts
VV production: Lee, Gomber
VBS: Lorenzo Martinez, Naimuddin
VVV and Higgs: Brun, Helary, Vanlaer
Searches and techniques: Mozer, Xi

a Monte Carlo generators and their theoretical basis:
Kilian, Mimasu, Rauch, Schumann

a Models of BSM: Butter, Delgado, Pomarol, Riva, Wulzer,

m Progress on precision calculations:
NNLO QCD corrections: Grazzini
NLO EW corrections: Pellen

m Future accelerators: Roloff

Good interaction/discussions between theory and experiment

MBI 2017: Summary Talk Dieter Zeppenfeld
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CMS Preliminary
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0O 7 TeV CMS measurement (L < 5.0 fo™")

B 8 TeV CMS measurement (L= 19.6 fb™)

@ 13 TeV CMS measurement (L <35.8 fb™")

— Theory prediction

S 22 CMS 95%CL limits at 7, 8 and 13 TeV

Clalre Lee

Charged dlbnsuns

Neutral dlbnsuns
hawna Gumber ik

VBS-VV neutral Hili)snhsi:
Narei Lorenzo Martinez
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+ Diboson production at LHC ]
» Test the eletroweak sector of the standard model (5M)
» Large cross section of multiboson production at LHC in pp collisions
» Clean signature and small branching ratio for vector bosons decaying
leptonically

» Major background in searches for new physics and Higgs measurements

» Sensitive to theoretical calculation

o Large NLO QCD corrections at high center-of-mass energy
o Non-negligible NNLO QCD and NLO QED corrections

» Sensitive to anomalous triple gauge couplings (aTGCs)
» Consequence of the non-Abelain nature of the SU(2) X U(1) symmetry
» Value of couplings are fixed in SM
» Any measured deviation from the SM prediction would be indication of new
physics

Gomber
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Charged TGCs and %ww

SKIT

Karlsruher Institut fur Technologie

Lee

Parameterisation of possible charged TGCs that is Lorentz invariant and obeys charge

conservation: (V = Z or y)
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Terms violating C and/or P

91‘5’ =1 from EM gauge invariance

g1%- 1

remaining
Ky -1 ,
independent
Kz -1 parameters, all
ﬂ.g =0in SM
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EFT Approach

SKIT

Karlsruher Institut fur Technologie

Lee

+ An alternative framework for describing modifications of diboson production is an EFT that is assumed to
be valid below an energy scale A, formed by adding higher-dimension operators to the SM Lagrangian:

,.?:ESMJFZ%é;JrZ%ﬁjJr...
i J

+ There are three CP-conserving dimension-6 operators, with coefficients that are zero in the SM, and are

related to the LEP-constrained alTGC parameters.
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Since the LHC results have now surpassed LEP/Tevatron limits, the LHC aGC Taskforce recommmends to

now move towards using the dimension-6 EFT operators in our results.

NATIONAL LABORATORY
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Cross sections agree with SM expectations

Current Status of Diboson Measurements

SKIT

Karlsruher Institut fur Technologie

Lee

Diboson Cross Section Measurements

Status: July 2077
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Current Status of Charged aTGC Limits

SKIT
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Vector boson scattering

The my = 125 GeV Higgs will unitarize VV —VV scattering provided it has SM hV'V couplings
— Check this by either

e precise measurements of the hVV couplings at the light Higgs resonance

e measurement of VV—VV differential cross sections at high pr and invariant

mass

MBI 2017: Summary Talk Dieter Zeppenfeld



Scalar operators only involve
Higgs doublet

Lso = [(Dp:b)* D;,«I{ :{D“'I')' qu,]

- [(p,®) D] x [(D,0) D"®
| %] ]

= Tr [ﬁfwﬁfﬁf x :{Dﬁqv)* Dﬂ@] W 0| T [ 7]
W W | Tr [WaWer ]

:ﬁfﬂ,,,pimﬂ] % Tr [ﬁrﬂpﬁm]

Mixed

operators
GDELEET L9 = [BuB™] x [{Dﬁcb}* D*’-‘@]
and tensor

Tr [Wpywvﬁ: x :{Dﬁv)* D”cb]

W, v < B,
[B,, B*] x {(Dﬂw D“tIr] W, o] « By,
: W W | x BB

288 884437

(D, @) Wy, D"®) x B

= Tr [Wo, W] x Ba, B
(D, ®) Wﬂyﬁfﬁvﬂi‘@] o — By B" BoyB®?
- = B..B" Bg.B""

(D, ®)' ﬁfﬂ,,p‘ifﬂ#ﬂ“-@]
] Tensor operators only field
strength tensors
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Events / 80 GaV

aQGC strategy and results - CMS: 2y 2

+ On top of baseline region:
& E-]-.E,::-E-D GeV, AY=25, m;;>400 GeV
Likelihood ratio test on M, distribution

Lorenzo Martinez

EFT dim$§, Lagrangian of aQGC implemented in MadGraph

+
+
+ Each coupling varied over a set of discrete values, other parameters set to 0
+

Unitarity bound checked with VBFNLO

+ no form factors introduced, limits on all aQGC parameters (except FT9) are set in

the unitary unsafe region

107" @ TV
T | T L NLLELI R

14— CMS @ Data -
SM signal ]

12 I Sum of backgrounds ]
AQGC signal. f i =5.1TeV " .

10 et Signal sy=tematic uncertainty —
Fi35+] Background eystematic uncenainty 1

E —

[ -

iOoDOOooooooohnt
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M (GeV)
=
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Observed limits (TeV )

Expected limits (TEV_4}

—71 < fh.m;"rﬁ'i < 75
—190 < fle:"L‘i < 182
—32 < fh.{z;"rﬁ'i < 31
—58 < fmgfﬁ4 < 59
—3.8 < fro/A* < 34
—44 < fry JA* < 44
—99 < f/A* < 9.0
~18 < frs/A* < 1.8
40 < fro/A* < 4.0

—109 {fmgfﬁ4 < 111
—281 f:fr-.allfﬂ4 < 280
—47 < fmg,r‘rﬂ4 < 47
—87 < fma,r’f\4 < 87
—5.1 {fmfﬁj‘ < 5.1
—6.5 < fri/A* < 65
—14.0 {szff"tJ‘ < 14.5
—27 {fTsff"tJ‘ < 2.7
6.0 < fro/A* < 6.0
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ATLAS

EXPERIMENT

July 2017
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2 9 | | ATLAS: Phys. Rev. D 93, 112002 {2016
CMS: arXiv:1704.00366 submitted to JHEP

- First experimental observation (>50) for triboson production at hadron collider
reported by ATLAS in 2016!

. Fiducial definition: CMS:

Cuts Ty Detinition of the £ fiducial region
|.l.'|:1uLL p:ll. = 25 Gel N = _
] < 2.47 py = 15GeV, [47| < 2.5
ATLAS: Boson gy > 40 GeV pl = 10GeV, |nf| < 2.4
FPhoto EL = 156 GaV o . . .
forbon T ! I:I"l . 'wo oppositely charged candidate leptons and two candidate photons
AR, %) = 0.4 leading p; = 20 GeV
IR - ya
ARy, ) = JI;»;,.” ] ey o A0GEV
i -t . . )
Test Pro= 30 GeV, [t < 4.5 ARGy, v = 04, ARy, £} = 04, and AR/, 7] =04
AR{jet. i) =03 ARGet, ) =03

[nclusive @ Ny = 0, Exclusive : N, =0

-  Backgrounds:

- Z+tjets and Zy+jet (2D fit of isolation and Photon ID), other bkg negligible.

® 14 ' LD i . Cms 19.4 16" (8 TeV)
= ATLAS aia a3 ot Z{wamdry # Dala
i 15 =B TeV, 20.3 i’ Hlzwry = B Zn _
2 1 Z4yidi - B0 Il Misidentidied jats
— —} i s
IE m_ .leer BHG | E - [52] Tobal uncertainty
8t Eatat. & eyat. i
. a0
Helary ,
20

. S 200 400 600 BOD 1000 1200 30111:10#150 ''''' o
%, L~ A =TT 5
Louis Helary - CER M,y [GEV] o [GeV]
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( VV—WTW~ with dimension 8 operators )

Effect of '{-"Eff = : M M1 Ty [quﬁf.”ﬁ] w Tr [['H"'Fuﬁ [I,ﬁh,n:rv]
with Ty = "'"” constant on pp—>W+W ”_,{:- Vell “Vy ]

T SM
------ T,=50/TeV*
------------- Ty=25TeV*

0.01 ¢

dal/dmyyyy [fo/GeV]

0.001

e Small increase in cross section at h_igh WW invariant mass??
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( VV—WTW~ with dimension 8 operators

fma

Effect of constant Ty = =&~ on p
0.1
0.01 |
= _
g 0001
E i
—E 0.0001 |
E  1e05 |
"‘E L
= |
16-06 |

1e-07

p—WTIW— JI e Vet~ Vujj

ar-="

— SM

— — T.=50TeV?
............. T:: =25/T e\f‘i

________
—a—

-

200 1000

1500 EDDD 2500 3DDD 35DD 4000
My [GeV]

e Huge increase in cross section at high myw is completely unphysical

e Need form factor for analysis or some other unitarization procedure

16 MBI 2017: Summary Talk
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Recipe for Unitary Simplified Models Kilian

1. Construct interpolating model = amplitudes ( To matrix elements)

2. Incorporate rescattering:
Recalculate amplitudes = unitary model

Re T, 1
lo or I =

LT i
I — §T0 R.f_‘ (TLD) — EI_

T =

» Asymptotic limits are automatically satisfied

» Low-energy SMEFT parameters can be computed, to match with
global-fit data

» |solates the phenomenologically relevant information contained in UV
models (2HDM, Higgs portal, compositeness, ... )

3. Ready for off-shell evaluation and event generation

Implemented in Whizard. Similar approach also in VBFNLO

17 MBI 2017: Summary Talk Dieter Zeppenfeld
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Results

Rauch ‘(III'
(preliminary, work in progress) [Perez, Sekulla, E@ppel feld]
pp— WTWTjj — iTvityjj
N x10°
E D?:;
e 5 - SM
Eosfk 0000900000 memee Non Unit FT0 =0.65 TeV™
5 7N = === T Matrix, FT0 =0.65 TeV~
% osE \ T Matrix, FT0 =1.6 TeV*
L 1
04— \
— %
03— 3
— v
02— \
— \
— L)
01— "'\.‘
— el LL LT T bbbt s b LA LT TS S
o | | T
=1 -1[:":":' | EDDD | | | 1 4|:||:||:|I 1 | 1 Eml:ll 1 | | ﬁmnl 1 1 |

= EXxperiment: no excess events at high W+W+ mass
» Translation to EFT parameters depends on unitarization model
= Search also for deviations which stay well below unitarity limit for all mT

MBI 2017: Summary Talk
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NNLO QCD corrections to VBF-Higgs Rauch N(“'

VBF-Higgs production in NNLO QCD [Cacciari, Dreyer, Karlberg, Salam, Zantethhi es-»
do/dpy 3 [pb/GeV] doidpy ;, [pb/GeV] o) pp] o /NP
IL'D T [ T LO I E +0.057
\3:'{3 ] : 1;41:%8 ] LO 4.032 7 ag 1.026
102 | WHEG | =] 102t powHEG . - ]  NLO  3.929 *00%% 1
L : S S E +0.016
[ = “4  IVBFQUTs ] - == VBF CUTS | NNLO  3.888 Zg.0:12 0.990
~ LHC 13 TeV | - + _ LHC13TeV
. =.:, = : g E Eﬁ* .r_j'wBF cuts) [pb] U,f"CTNLD
] i T ] LO 0.957 +0.05¢ 1.092
[ - | - == ] '
[NNPDES0_snlo_a{ 118 I EE\'T\PDFiDJJ{ﬂ__.m:I LI =-= NLO 0.876 +0;0%8 1
Liglpe g 2 < g = tir < 2 olDe 5] Frig(py 5 21k g =r < 2 LiglDy 1 ] 0.013
: I NNLO  0.826*%%3  0.943
1] 1 1§ ]  central scale:
[ ] ) ] 9 M / Mo ™ 2
i ] i 1 HolPT H) = ] ( ) + F’z
1: :Eﬁjﬂwﬂ? 1?_ T ah=lsd E]{ } _E‘\v _E T.H
os [ERIHIEIS | oo LR et antiokr, A= 0.0
: - . _ prj > 25GeV, |y| < 4.5
08l 1 o8
0 50 100 150 200 250 300 50 10 150 200 250 o0 VBF cuts: my > 600 GeV,
B, 5 [GeV] B, ;, [GeV]

Ayj > 45 )1 -2 <0

m tiny corrections to inclusive cross section
m significant (O(—10%)) corrections in VBF region
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Integrated Cross Section ﬂ(IT

<arlsruher Institut fur Technologie

VBF-Hjj, V'S = 13 TeV, m; > 600 GeV, Ay > 4.5 MR, Z

1100

1050

1000
950
900
850 |
800 |

750
1.20
1.15
1.10
1.05
1.00
0.95

D_gn 1 1 1 1 1 1 1 1
0.2 04 0.6 0.8 1.0 1.2 14 1.6 1.8 20

o [fb]

OONLo

* Broader quark jets at NNLO generic for VBF/VBS: reduced m(jj) for small R
* R-dependence 5-10% stronger at NNLO than NLO: corresponding NNLO
correction not covered by NLO scale bands
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Status of NNLO QCD calculations Grazzini ﬂ(".

o pp—=Ziy (—=I) validated with DYNNLO 1.5 and analytically

o pp—W(—=lv) @@ validated against DYNNLO 1.5 and FEWZ
o pp—H validated analytically
o pp—VY validated with 2yININLO (version nov. 2015)

Q

® PP — W \ rﬁ*-hrm‘ '

Q

o pp—Zi—Hy

Q

o PP~ZZ(—4)
o pp—=WW —(vIv)
® pp—ZZNWW —=llvy NEW

® pp—WZ-—=hll
e pp—HH @ not in first public release
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W7Z: inclusive cross section

5. Kallweit, D. Rathlev, M Wiesemann, MG (2016)

MATRIX o(pp — WZ)
ATLAS 7 TeV 66 GeV < m(Z) < 116 GeV
CMS 7 TeV 71 GeV < mi{d) <111 GeV

. ———
ATLAS 8 TeV €8 GeV < m(Z) < 116 GeV

CMS 8 TeV | 71 GeV <m(Z) <111 GeV Grazzini

CMS 13 TeV e | 60 GeV < m(Z) < 120 GeV
—e—  DATA/NNLO,_, NNLO/NNLO,,,
——a—  DATA/NLO , e NLOYNLO

ool ev s v v o b s s bvvr bvwa v o b v bw vow by vy

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.8 1.8 2
Data/Theory

NNLO corrections nicely improve the agreement with the data (with the exception
of CMS at 13 TeV where, however, the uncertainties are still large)
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PP = pl v ety

= o

u - Lh’w:.:”m_r_ .- 1 . l'-!v“‘.ﬂmfv_: :I. a m—#m—.&-i ) TE."' W 415‘;: I
! i ﬂ.-‘-..*-.-....-: F i AP IF 'W'WW- . . g ,.._--a-_ L,
a " -.'!-r‘h'u“‘:'." T a A . W\:‘.' N 1 | "\'Nll:-ﬁ"‘f-’\-{- * - E:‘ " .}IGL = I:J.
LO contributions at @ (n-ﬁ), O (nhn ) and O (ru v )
LO (’}{nﬂ) () E‘J(”hzfri:}
QCD QCD
NLO Oa7) O(alat)

NLO contributions at @ (n-?), O (nhnﬁ), O (o 2 5) and O (m O )

Order O (a5a®) and O (a.?a”): QCD and EW corrections mix
Combined measurement for pp — p7 v ,e™ 1ejj

Mathieu PELLEN Status of EW NLO corrections for multi-boson processes



PP —+ pl v et gl

LO fiducial cross sections:

Order O(a®) O(asa”) O(ata”) Sum
oo [fb] || 1.4178(2) | 0.04815(2) | 0.17229(5) || 1.6383(2)
NLO fiducial cross sections: (normalised 1o 3~ o1.65)
Order O(a’) O (asa®) O(aza) O(ala®) Sum
SonLo [fD] —0.2169(3) | —0.0568(5) | —0.00032(13) | —0.0063(4) || —0.2804(7)
SonLO/TL0 %] 13.2 —35 0.0 —0.4 171

[Biedermann, Denner, MP; 1708.00268]

Large EW corrections at O(a)
Negative corrections at O(f}-smﬁ):

~ 0.6% difference with respect to VBS approximation

(negelecting s-channel and t-/u-channel interferences)

Tuned comparison against [Denner, et al.; 1200.2389] and [Jiger, et al.; 0907.0580]
VBS approximation in RECOLA
Photon PDF contribution at NLO (not included in NLO definitions):
+1.50% with LUXqed manchar et al; 1607.04266]

Mathieu PELLEN

Status of EW NLO corrections for multi-boson processes




Progress on Monte Carlo generators: Sherpa ﬂ(IT
NNLO QCD accuracy Schumann

Comparison of SHERPA DY at NNLO QCD with FEWZ/DYNNLO

[Héche et al. Phys. Rev. [ 01 {2015) 074015]

E 2[][]__IIIIIIIIIIIIIIIIIIIIIIIIIIIII TTTT IIII__ E2DD:IIIIIIIIIIIIIIIIIIIIIIIIIIIII TTTTJTTTT]TTITT IIII:
= F E=TTeV ] 5 180F fEs=7Tev =
2 180F gp GeV<m <120 GeV E _g" 160E B0 GeVem <120 Ge\/ E
& 160F E B F ]
S 140F = l40¢ E
120F 1208 E
e ~ o 1 — 'f
80F — FEWZ E F — DYNNLO ]
60F e Myf2<p_<2m NLO 3 60F m m2<p__<2m, NLO =
40 m,f2=< j.I.R]F'h?rFII MHLO A0F m,{2< -”F_,qu MHLO
20F Sherpa+BlackHat = E - Sherpa+BlackHat
Eoy o b 3
n"_ﬂd’:llIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII: D
z 102¢ E =
& BEEEEE ; PR £
gﬂ_ﬂﬂi = ae.
Fovova b by bvvsa o by s b by m
e R S S L I o

F! -y

— fully differential NNLO calculation using BLACKHAT for one-loop amplitudes
— perfect agreement with dedicated codes FEWZ/DYNNLO

[Gavin et al. CPC 182 (2011) 2388] & [Catani et al. Phys. Rev. Lett. 103 {2000) 082001]
— largely reduced uncertainties compared to NLO
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NLO QCD & EW accuracy

Schumann

NLO QCD & EW corr. to pp — V + jets SHERPA +0OPENLOOPS/COLLIER

[Kallweit et al. JHEP 1504 (2015) 012 & JHEP 1604 (2016) 021]

do/dpry [ph/GeV]

do/dr e

do /oD

107
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-

10- |
| IR NLO QCD-EW

10-18

1B

18
16
14 |
12

0e
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04 -
02 -

pp — Etu/i-p + 9 @ 13TV

L
NLO QCD

NLO QCD=EW

pp— Fr 43 @ 13TeV

pp — 0 4+ 3 @ 13 TeV

50 100 200 500 10D 2000
rrv [GeV)
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1.2

0.8

0.6

dar A,

02

0.01

=

(defff],, — doifi?) [ oy

—0.01

< virtual approximation of NLO EW

Ao N0 By = |Bn(®n) + Viogw(®n) + Inew(®y)] do,

pp — F0p +1,% @ 13TV

04

| eccclusive sum with f,‘j:}-{ sapAration

=
=]

—— NLOQCD + EWyin 758 =1
— NLOQOD +EW P — 1
—— NLOQCD + EWyy, 75% = 0.1

L —  NLOGQOD + EW P — 0.1
— "

50 100 200 SO0 1000 2000
Prov [GeV]

— applicable as mere K-factor (MEPSG@NLO)

Dieter Zeppenfeld



QCD Parton Showers, Matching & Merging: EW corr.

MePs@NLo QCD+EW,,;,; for W+jets with OPENLOOPS +SHERPA
[Kallweit et al. JHEP 1604 (2016) 021]

— NLO EW often suffers from large higher-order QCD corrections

— MEPSONLO of W(— lv)+ 0,1, 2] incl. virtual EW & Born interference
— captures full QCD corrections & dominant EW effects of Sudakov-type

PP ETV+01,2)@ 13 Y pp— £P+0,1,2)@ 13 TeV

5 | T T 1T | | T T | T T 1T | 1 5 LI | | T T | LI |
L3 . o
= - :: 10"
=) 3 By
= 1
i i LY
T',E_ 13 —i E‘ w3
he —i o
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| L 11 | | l l | I | | | | 111 | | 111 |
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Inclusion of EFT couplings in MadGraph (Mimasu) ﬂ(".

SME

-T@NLO 1in QCD

« Merger of HELatNLO and Top/Higgs-EFT

» Use Warsaw basis but basis independent input choice will be provided by

Rosetta (also preparing an MG5_aMC plugin)

Gauge/Higgs
Higgs vev & Op | (#'e)’
kinetic term O | (¢Te)O(p1p)
mz (cust. sym.) I Oup | (¥" D)t (0! Dyy)
| Opc w*aﬂGi"’Gﬁu Oc | #loG Gl
Gaugelelggal & Ouw | leWHwi, O | ploWhr' Wi,
gauge Kkinetic o o BB o i
o oB | ple = | et
terms/mixing I N
Oywn '“TU‘M Wi Buy O.w i {,::Tr:r* oW B,
Oy | €W, WWIPWE || Ogy | €98 W5 W WPPWY
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CP violation

Dieter Zeppenfeld



HZZ anomalous coupling measurements (Brun) ﬂ(".

e Effective Lagrangian approach for the description of BSM interactions —
Higgs Characterisation Model. (JHEP 1311 (2013) 043 )

v — { l ¥ ¥ + — .
Lo = {"‘5’“ |LenzzZ, 7" + guwwWiW+| assuming no new
_}1 [KHgggHggGﬁvGa’#r + tan [fKAgg?AggGﬁLGu*#V] BSM Pﬂl’th]E?S -
below A (1TeV)

11 [, e : 7KV

—%% [.‘(wa M"’JVW:_FV +tan ok aww H!JVM"’_FV] }Xu.

e BSM couplings:

kmv = CP-even scalar iteration with vector bosons

Kavv = CP-odd pseudo-scalar iteration with vector bosons
Kage = CP-odd BSM iteration with gluons

assumed to be the same for W and Z, a taken as 45 degrees

e SM Higgs:

- Ksm = 1, Kuge=1 + other BSM couplings set to 0
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Anomalous couplings: (ATLAS)

e Results :

CP-even coupling to
vector bosons

E T T I T T I T I | T |_
= I ATLAS Preliminary
SR ST  Ubserved

T 13 Tew, 361 1 - SM expected ;

25_ :: ]
T Ky = 1 Higy =1 : ]
Obsanad: i, =29

2 __ hea H __
ol Expecled: k= 0.0

152
1(!:— -
5— ]
n.'-
KH'-'U
Agreement with SM 2.30

for K

- — Dbserved
FH = ZET 4l
© 13 TeV, 361 ' - SM expected

- L‘Hm=1.H:5._,=1

20

- ATLAS Preliminary

CP-odd couplingto |

vector bosons
T T T T I T I T T T I T T I T

Chsarvad: i, = 2%
Expecled: k., = 0.0

KP.W

Agreement with SM 1.40
for Kaw

Brun

CP-odd coupling to

gluons
T T I T T T T I T
< =250 ATLAS Preliminary E
TH 72" 4l — Opsenved
T 13 Tew, 3.1 . SMexpected ]

| iy = 14 Higgy = 1

- Chsarved: o, | = 0.43
 Expected: x, = 0.00

Agreement with SM 1.80
for Kags

No deviation from SM observed
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Theory Butter: SFITTER

e SU(3)c® SU(2); @ U(1)y-symmetry, SM particles
e Dim6: 59 baryon/lepton number conserving operators
e P and C - even operators

e Data driven approach

Ocr = 451'4!} Gf‘u{;-ﬂl-l-k Oww = 1';6-1 W}ly W“Hq':r Opp = d}-l-gpyg“pd?
N . 1
Ow = (Dué)  WHY(Dy ¢) Op = (Du o) B*¥(Dy &) Op2= ;0" (¢78) 8, (07 2)
Oeg 33 = (61 &)([3deR 3) Oup.31 = (¢ 6)(@adug 1) Oyg33 = (¢ 3)(Qddr,3)

Owww = Tr (W WYPWE)
_—

— 10 parameters for global fit, 3 parameters for TGV-only fit
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Combined results
Butter: SEITTER

f.'l.\l.E [ T T T T T T T -\'-"I"Tfl t\'l."l.E T T T .\h.'__ﬁ
[Tev™] |TeV] [Tev? [TeV]
20 | g0 r
4 0.25
10 r 102 d0.15
. 4 0.5 40 r '
105
10 F {04 1 4 0.2
7 DES E{I i | {| 25
20 | .
o LHC-Higgs, 05% CL 4 0.2 0.3
S0 o LHC-HIgEs + LHC-TGV + LEP-TGV, B5% CL {_'-5‘
0.5
_q_{l -
{015 133
En b g L '
1 1 1 1 1 ;::} 1 1 1 1 {|E
%% % %% %9, 9 g 2

e First combination of all the di-boson production channels at LHC Run | in
combination with Higgs channels [1604.03105]

® secondary solutions are excluded for Oww, Oge, Opg and Oy
e strongly increased precision for Og and Ow
® Opwww among best measured dimension—six operators

® improvements on all operators due to correlations
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Conclusions

Karlsruher Institut fur Technologie

LHC ist starting to probe aTGC's in a significant way in VV production.

Interference region at modest m_VV allows to study relatively small
deviations from SM due to theory errors below 10% from availability of
NNLO QCD and NLO EW corrections - must study both small
deviations and large differential cross section changes

VBS and VVV production have much lower statistics and curently can
only probe strong coupling effects in aQGC.

Remarkable progress on the theory side also, in higher order
calculations and improved event simulation.

Fruitful interplay of experiment and theory and the fact that we are just
starting to probe VBS and VVV production makes MBI physics a fun
topic to work on.
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