TeV Physics Workshop, GuangZhou, China 2014.05.16

\\V

A
T
(&
A
S

Multi-boson production and anomalous
guartic gauge boson coupling at the LHC

Qiang Li
HEP Group, Peking University, Beijing, China




HEP Group, Peking Univ., China
Prof. Yajun Mao, Yong Ban, Sijin Qian
Siguang Wang, Dayong Wang, Qiang Li

http://hepfarm02.phy.pku.edu.cn/drupal/



http://hepfarm02.phy.pku.edu.cn/drupal/zh-hans/content/cms%E7%AE%80%E4%BB%8B
http://hepfarm02.phy.pku.edu.cn/drupal/zh-hans/content/besiii%E5%AE%9E%E9%AA%8C%E4%BB%8B%E7%BB%8D
http://www.google.com.hk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=aJ5zHVZuMeV9CM&tbnid=VUNYGGT5D4lnKM:&ved=0CAUQjRw&url=http://neutrino.physics.wisc.edu/research.php&ei=jB1SU6fwGKnliAf2joDICQ&psig=AFQjCNHA0LxBgI1KkjTdKb-Qckh2NAg1cw&ust=1397976842658248
http://www.google.com.hk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=aJ5zHVZuMeV9CM&tbnid=VUNYGGT5D4lnKM:&ved=0CAUQjRw&url=http://neutrino.physics.wisc.edu/research.php&ei=jB1SU6fwGKnliAf2joDICQ&psig=AFQjCNHA0LxBgI1KkjTdKb-Qckh2NAg1cw&ust=1397976842658248

Outline

LHC Status and Future Plan

Anomalous Quartic Gauge Couplings

ATLAS and CMS Results

MC Studies

Summary



« LHC Status and Future Plan
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O Successful LHC run In
2010-2012

O Similar for ATLAS & CMS:
~ 5fb1 7 TeV data
~ 20 fb1 8 TeV data

O Peak luminosity at 2012:
— [7.7*1033 cm-2s-1
(~30 pileup events)
— <p>~21@ 8TeV

O Data quality (2012):
— 93.7% ready for physics



LHC schedule beyond LS1
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2025

2030

2035

1995 2000 2005 2010 2015 2020
_ Stuty-
HL-LHC S
HE" LHC Study. R&D
VHE-LHC +
Study - R&D
leptons

HL-LHC ("2022-2030)
E. 14 TeV, L~5x103cm2s™!
with luminosity leveling

HE-LHC: in LHC tunnel (2035-)
E; 33 TeV, L = 5x10%cm2s!

VHE-LHC/FCC: new 80 km tunnel
E, ,84-104 TeV, T = 5x1034cm 257!

2040 2045 2050 2055

LHC

Constr & Install.”| Physics

reuse HE-LHC
magnets?

Constructions
and Installation

Install Constr. and

Physics VHE
LER c Install. VHE

Constr. LER Constr. VHE

Frank Zimmermann

% | Lake Geneva

16-T or 20-T magnéts

LEGEND
= LHC tunnel

potential shaft location
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Snowmass Studies

For long range physics planning at Snowmass, we wanted to make a physics case
- with high luminosity running, higher energy, etc.

It was decided to use parameterized detector, called Snowmass Combined LHC detector
- Snowmass Energy Frontier Simulations, arXiv:1309.1057, Sept. 2013

—

_ ‘ “Components” from
0=\ the ATLAS and CMS
/ //l /:"\“ detectors:
N " M - 1 B - CMS tracker
\ — - ATLAS Calorimeter

\L?'l
\/ .
- CMS B-Field, etc

)
Delphes—3 fast simulation

Chinese CEPC 100TeV R&D in collaboration with snowmass/FCC group:
Qi—Shu Yan, Mangi Ruan, Bin Zhang, Qiang Li + M. Narain, S. Padhi,
TaoHante--. .
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Standard Model Production Cross Section Measurements siius: varch 2014
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Production Cross Section, ¢ [pb]
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Feb 2014 CMS Preliminary
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Physics Motivations

Vi

Qcc V1
V2

V3 /\
~0O(1-10)fb

* Rare processes, Crucial test of the SM:
e.g. on the non-Abelian gauge symmetry part of the SM

« Important backgrounds to Higgs and new physics
searches

« Sensitive to anomalous Quartic Gauge Couplings

Indirect probe on new physics
Much less studied compared with aTGC
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30 September -
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TU Dresden

Topics

=aQGC inVV-VV yy=>VVV->VVV
- Theory status of all SM processes

- aQGC and BSM physics

- Anomalous couplings in EFT

- Partially strong V V scattering

- Unitarisation issues

- Prospects for 13/14 TeV

- Monte Carlo generators

Organizing Committee:
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The aims are to bring together
theorists and experimentalists to
discuss theoretical and experimental
status of all processes sensitive to
aQGC,

models for parametrizing aQGC and
(partially) strong VV scattering.

issues of unitarization prescriptions,

available Monte Carlo Generators and
validation procedures,

experimental prospects for the 13-14
TeV runs at LHC,
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Request SU(2)®QU(1) gauge symmetry and

aQGC independently conserved C, P
Non-linear Linear
formalism formalism

Spontaneously symmetry
breaking without a Higgs

boson, custodial symmetry SM EW sector with a Higgs
protected p = 1 of the doublet field included
EW sector
Non-decoupling: Valid Decoupling: The scale of
below a scale of 41Tv new physics is allowed
(~3TeV) to be arbitrarily large
Dimension-6 Dimension-8
operators operators
(aQGC) (aQGC)
arXiv: hep-ph 9908254 arXiv: hep-ph/0606118
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Dim6-aQGC
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Dim8-aQGC Relatively new

http://feynrules.irmp.ucl.ac.be/wiki/AnomalousGaugeCoupling#nol
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DIm6 < Dim8
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CMS aQGC Parameterization

Eg.
T a7 ac "y - WANZ
L‘HQGC = EVLD —+ 4@2 .H“f- ‘I‘ZHI; Tf"lf,- —I—I:]'JD + 1:]'}‘1 —I—I':]'Jg,
& .‘

o (CLs and profile likelihood methods used to set the

upper limit

aQGC implemented in aMC@NLO
http://hepfarm02.phy.pku.edu.cn/foswiki/CMS/AQGCs

Unitarity can be checked with VBFNLO
https://www.itp.kit.edu/~vbfnloweb/wiki/doku.php?id=overview
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« ATLAS and CMS Results
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. 7 TeV CMS
Cenftral Exclusive YY S>WW  iep 1307 0013y 116

Events selections: CMS, Vs = 7 TeV, L = 5.05 ft’
>30""I""I""I""I""I""
(O Forward scattered protons escaping G [ e o I v Yan e !
8 251~ B Inclusive w'W i Diffractive W'W .
detection e L B Wajets
.‘(]C-_)‘ 20 s Elasticyy — t*t° & Inelastic yy — t*1 7
(@ pe vertex with no additional charged g [

- W w
[ ey W'W (a° 2% 104,% =0,A_, 4=500GeV)
! . o - W

aW =
_ SRS . . . — 7y — WW (iz = -2*10*, = = -8"10%,A_,_,=500GeV) -
7 Inclusive WW, W+ jets, 1r+jets, DY +jets - A .

-
(o)}

tracks
3 P, (ew)>35GeV

Cross checked within ypand 1 0 :
and also extra track control regions o5 T TE0 zo%euﬁs[%e\?? °
signal exp. background exp. data 1
2.2+0.5 0.84 + 0.13(stat.) 2 O

r(pp = p(*JW"'W'p( ) p( J}f ‘ﬁp( n ﬂ;ﬂ’
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. 7 TeV CMS
o Ceniral Exclusive YY DWW sier 1007 @orgy s

Use P, tail (>100GeV) to set limit on Dim-6 aQGC
—0.00015 < at / A% < 0.00015GeV ™2 (a /A% =0, Acyrogf = 500GeV),
—0.0005 < al / A® < 0.0005GeV ™ (af /A? = 0, Ayopf = 500GeV).
—4.0x107° < al/ /A? <40 x 107°GeV~* (a / A% = 0, no form factor),
~1.5%x107° < a /A2 < 1.5x107°GeV~2 (a}Y / A* = 0, no form factor).

CMS, [s=7TeV,L=5.05fb"
T I T T T T T T T T

at the Tevatron without form factors

— 0.002— | ——

> i

O [

> 0.001

=0 _ _

© I approximately two orders of magnitude
o more restrictive than limits obtained

0001 = standard Model
F —— CMS5 55% confidence region

[Mouige = 500 GeV)
[ s CMS 1-D limit, 95% confidence region
r [Mouige = 500 GeV) | |
0.002 -0.0005 0 0.0005

av/A? [GeV] 21



8 TeV CMS

WWY+WZY N |VJJ Y CMS-PAS-SMP-13-009; arXiv:1404.4619

Events selections:
(D Exactly one isolated lepton:

Single Lepton trigger &
(P#>35GeV & |n®|<2.5) ||
(P{#>25GeV & |nH|<2.1)

® Two PF AK5 Jets with b veto:
P/ >30GeV & |nj|<2.4
3 MET>35 GeV
@ A@(MET,J1)>0.4, R,>0.5 R,,>0.5
® M V>30 GeV
® |Mye-M,|>10GeV
@ |An;l<1.4, 70GeV<M;<110GeV

CMS preliminary J'L dt = 19.3 fb' Vs =8 TeV

CT T T T T T T T T [ 1 T T [ T 1]
” —$— Muon Data [liets >vbkg
C s ) I top B
- (525 MC Uncertainty Zy+Jets .

Wy E

Events/ 10 GeV

Ratio Data/MC

Main Backgrounds from Data-Driven: 50 100

> Wy+letfs: sideband a(WV y)< 241fb, 3.4 times SM (70.3fb)l
> Fake Photon: ratio method E;Y >15GeV




8 TeV CMS

WWY+WZY N |VJJ Y CMS-PAS-SMP-13-009; arXiv:1404.4619

E.Y used to set limits on aQGC, binned over 30-450GeV. The last bin includes

the overflow.
NLO K factors evaluated with aMC@NLO

ablZENLO, PP =W yE@a Teld LHS, withouwt W decay

- 25 | |
E.EI:— = S:a.r-:il and M-::r.!el__ 1 il
- o aQGC-SM K factor, al¥ /A2 = 3x 1075 GeV 2
= Drel Yan pp =w/z 2 T
2.4 L - i
2.2 . 1 - I
s - u._f+:_'+]_-|-—]|— l {_ | ‘\> E 1.5
g8 ° + +1 —}— —— i [
S S P L s = ﬁaf_:%—_,_ﬁ—_*_i_:;_{_
- SO b oy P B L iaa
1.EE— _T'+ | ] _|__ : 1
14— e N
- b4 |
- —+ . B i e i [
1.2: —++ ey =EFN "‘—l—' ] 13-.5_
o '1|:|:-n' 'zclrc' "anlznn"'hnzllﬂllllﬁéﬂ""eclx:- G 0 b o bwvw o Lo oo bvwo Loywsl
P, [Gevic"2] 100 200 300 400 500 800

Py, [GeVic"2]

Find that the unitarity condition cannot be generally satisfied with a
dipole form factor; More complex form factor is possible.
Choice is made to set limits without using a form factor.
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Expected Limits with a Form Factor

CMS Simulation Prel|m|nary

l45—8TeV

______________________________________

all IN* [GeV™]

__________________________________________________

____________________________________________________________________________________

T
Expected L|m|t

0.5/2 x Effective |3 Limits S
0.25/4 x Effective 3 Limits }
Unitarity upper bound with \'E=1Tev
Unitarity upper bound with YE:zTeV"'é'
Unitarity upper bound with \3=4Tev
Unltarlty upper bound with \'s 8TeV

______________________________________________________________

____________________________________________________

05 1 15 2 25 3

35 4 45 5
Ay [TeV]

il

1

(1+§/A%;)?

Unitarity bound calculated using Eq. 17 of Ref. arXiv: hep-ph/0009262

32

1 saas\2 aME N\ 2 8
~ (75) (1— p ) (3—Mﬁ,+

4Mﬁ’)51forV=W

where a = ag/A? orac/A* and N = 1/4 (4) for ap/A* (ac/A?)
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8 TeV CMS

WWY+WZY N |VJJ Y CMS-PAS-SMP-13-009; arXiv:1404.4619

LEP Ls INEEEEEEEEEI CMS WWY ]
DO C I CMSYV—>WW EImIEmIEIm

—

Anomalous WWyy quartic coupling limits @95% CL = Channel Limits L \s

N RN EE RN EEEEEEEEEEEEEEERE{EEEEEEEEEEEEEEREEREEEEREEEEEEE WWy [- 15000, 15000] 0.4fb™" 0.20 TeV
e i yy > WW  [-430,430] 9.7fb" 1.96 TeV

a%/A? (Tev?) WWwy [-21,20] 19.3fb" 8.0 TeV
JEIE IETD vy > WW [-4,4] 51fb" 7.0 Tev

(RRTRRRRIRERRNRRRTLERRTRTTTRERRITERTIRURTETTRIRIRIRIRITNDIRETTIRTETRTY) WWV [- 48000! 26000] 0'4fb-1 0'20 Tev

. vy > WW [-1500,1500] 9.7fb" 1.96 TeV
WWy [-34,32] 193" 8.0 TeV
a¥In? (Tev?)
P I ywoWW  [-15,15]  5.4fb" 7.0 Tev
-1
Fro IN* (TeV) WWy [-25,24] 19.3tb" 8.0 TeV

[! L L L L 1 1 al L ol

-10°-10*-10°-102-10 -1 1 10 102 10° 10* 10°

25


https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsSMP13009/WWaa_comparison.pdf

L I Ez ﬂéﬁ"r E,.. EW I TegT — EE ﬁPr E FF'T{'[_-‘\.T'H’ W W YW+
race == g azhek o T g azt eIV e WG
2 2 K:Elﬂ'; WU TAT+HETAT— e” ‘32 ":Pr m AT — At
- irhg h_EF I“-L.I.Z' -[-Jllrr I Ivﬂ. - :_;; Jﬁhz F _,!-i"l-"-ZH {Iv -[‘"Jllrrl-r —|— -[-Jllrr Ivﬂ. ::|

+ {—,{f Te[W),, W] x Tr[W,g W*F).

Observed limits

Expected limits

—21 <al/A? < 20TeV~*
—34 <al/A? < 32TeV?
—25 < fro/A* < 24TeV ™
—12 < xy /A? < 10TeV™
—18 < k¥ /A? < 17 TeV ™

[ ] f=2

—24 <alV/A* < 23TeV~*
—37 <al/A? < 34TeV~?
—27 < fro/A* <27 TeV™
—12 < k) /A? < 12TeV™*
—19 < k¥ /AT < 18 TeV~*

Observed limits ( TeV =)

Expected limits ( TeV~*)

—77 < fmo/AF < 81
—131 < far /A < 123
—39 < fpa/AY < 40
—66 < fpa/A* < 62

—89 < ﬁh,ajﬁff"u"l < 93
—143 < fa /A% < 131
—44 < fyo/AY < 46
—71 < fpma/A* < 66
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8 TeV ATLAS See more in Prof. Liu’s Talk

S am e S i g n WW ATLAS-CONF-2014-013

ﬂﬁ
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ofid = 2.1 + 0.5(stat) + 0.3(syst) fb.
[52+0.11 b 450
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|
Events / \ [/ \

= L AL AL N UL B B I BN BRI
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& R
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K - WHWHj Strong ]
1 i = 20F- B Prompt i
xxwwxm*ﬁrwwwwi_j - Conversions ]
] 15: B Other non-prompt
107 E E
. 10— -
3 i i . Data/Expected T 5: _:
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o 2 ! , e ]
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8 TeV ATLAS

S ame S | g N WW ATLAS-CONF-2014-013

Inclusive Region VBS Region
e*e* et u* W= e*e* e P

Prompt 30+£07  61+13  26+0.6 2.2+0.5 42+ 1.0 1.9 + 0.5
Conversions 32+0.7 24+£08 — 2.1+£05 1.9+ 0.7 —
Other non-prompt 0.61 030 19+£08 041+£022 050026 15£06 034+0.19
W=W= jj Strong 089+0.15 25+04 142+023 025006 071+0.14 0.38+0.08
W=W=*jjElectroweak | 3.07 +0.30 9.0+08 49+0.5 |255+£025 73+0.6 4.0 + 0.4
Total background 68+1.2 103+£20 3.0£0.6 5009 8.3+ 1.6 26+05
Total signal 40+04 114+12 63+07 |255+£025 73+0.6 4.0+ 04
Total predicted 107+ 1.4 21.7+£26 9310 7.6x1.0 156+20  66+0.8
Data 12 26 12 6 18 10

[T5] LRI L L L L L L L L L L LI LB BB

ATLAS Preliminary

WHizARD event-generator

0.6~ 203" Vs=8TeV

0ab pp — WEWH
Tri-lepton Control Region - femaxuntarzaten 3 K _matrix unitarization method
Jet fake lepton 0.2t
Charge Misidentification 0F

ALPGEN+HERWIG/JIMMY,

SHERPA for Conversion bkg '9'25_ ﬁ‘gg:ﬁ‘”tﬁ”“'s

045

L4 =ag(tr [V, V,])5
as(tr [V, VH])2.

[95% CL
—expected 95% CL

x Standard Model
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In collaboration with Prof. DongHee

EWK WA,ZA Kim’s team at KNU, Korea

Use Mjj, Zeppenfeld Variable (|n,,-(n;,*1;,) /2|) and |An;| to discriminate
signal from bkg

Tried also TMVA

Main Bkg: QCD W/ZA+Jets, Jet Fake photon, estimated from Data-Driven

Based on MC estimation, we anticipate to achieve one-order better
limits on fM0-4, fT0,1,2,8,9 than CMS WVA 8TeV analysis
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IpTi|>40GeV, |etaj|<4.7, |pTa|>20GeV,
letaa|<2.4, DeltaR jj>0.5, Deltall>0.5,

DeltaR aj>0.5, DeltaEta jj>3.0,
Mjj>600GeV, |etal|<2.4, DeltaR jI>0.5,

Anomalous Quadruple Gauge Coupling

Ipta|>100GeV | |pta]>120GeV

KOG = 0.5e-5 0.7sigma 0.7sigma
KOG = 0.8e-5 1.7sigma 2.0sigma
KOG = 1.0e-5 2.8sigma 2.8sigma
KOG = 1.2e-5 3.7sigma 4.1sigma
KOG = 1.5e-5 5.6sigma 6.5sigma

CMS-PAS-SMP-13-009 arXiv:1404.4619
12 < kW /A2 <10TeV2 —12 < kW /A2 < 12 TeV 2



e MC Studies
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JHEP 1304 (2013) 108

,' WWY — HVY Daneng Yang, Qiang Li, et.al.

Signal: Two OS leptons + One photon + MET Imy — Mz| > 10Gev \
Bkg: Zy, TTbar+y, TWY, ZZy, WZy .... N
Tool: MG/ME, Delphes v2 (PU not included at that time)

Cross section | K-factor Events
Processes ,
[fh] [Hﬂi.] (A" P;'g - 60 GaV | (B*) PESf = 680GV | (0*)n; = 0,1, Pp; » 235GV

H""'H"_fr 18.236 2.0 [41] 95.815 h&. 250 114.54
[[FisR WIW 3114.1 1.5 -:1'.1] 35.812 46712 54498
2y 4107.2 1.5 [43] 61.605 47.232 57.501
Ve 45 818 1.3 [41] 0.277 0.1955 0.2750
ﬁ"iEfr 1.369% 1.5 [4-1] 05903 0.5739 1.006%
tty 170.22 1.9 -:15] BE.&830 73.738 G0.&01
i!‘ﬁ"ifr 26,858 1.0 [42] 17.905 11.442 16.527
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JHEP 1304 (2013) 108

' WWY — HVY Daneng Yang, Qiang Li, et.al.

e (a) Pr. =250 GeV.

¢ (b) The leading lepton FPr = 200 GeV

can constrain at the 95% CL the anomalous WW coupling parameters, e.g.,
aWy JA?2at 1 X 107°GeV?2

w/o form factors

Comparing with Previous LEP and MC results

Couplings || OPAL Limit Wy~ W boson fusion | Photon exchange
[GeV-2] 100 fh~! 100 fh=1 30(200) fh~?
ag /A? || [0.020, 0.020] | [-7.6, 7.6] x107° 1.4 x107° 0.26 (0.14) x107°
ary /A% || [10.052, 0.037] | [-11, 10] x10~> 5.3 x107° 0.94 (0.52) x107°

See refs in JHEP 1304 (2013) 108
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WZy - lllvy

PRDSS (2013) 015023

Ke Ye, Daneng Yang, Q.Li

I Signal: Three leptons + One photon + MET

o (LO) | K-factor Events
Processes :
[th] [Ref.] (A*) PEei* =80 GeV | (B*) PRoio* = 80 QeV | (C%) ny = 0,1, PEUE* = 85 GeV

W2z~ 0.89 2.0 [44] 3.78 3.48 3.41
I(F)SR WZ || 3494 1.8 [45] 0.76 0.50 0.44
L7 0.24 1.4 [46] 0.19 0.18 0.17
A 99.4 1.6 [45] 0.16 0.16 0.16
LLZ 0.059 1.5 [47] 0.008 0.007 0.007

WWww 1.72 1.8 [47] 0 0 0
Wwz 0.96 1.9 [48] 0.085 0.079 0.073
ttZ 6.16 1.4 [49] 0.35 0.16 0.056

Table 1. Cut flow at the LHC with /s = 14 TeV and integrated luminosity of 100 .

Pr. = 200 GeV, Pri = 120 GeV.

05% confidence interval
parameter
WEZy (x1075ceV—2) | MC VEBF [12] (210~ %GV —2) | MC at LEP2 [17] (x 10~ 2QeV —2)
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Snowmass: arXiv:1309.7452

WWW Ongoing:

Yiwen Wen, Daneng Yang, Huilin Qu, Qishu Yan, Q.Li

1. Pure leptonic WEW*w+ - 31+MET Checked with Snomass

2 categories: efefut, ufufe*; and others

Bkg: WZ,ttW,ZZ,ttZ, WWZ
14/100TeV LHC Delphes V3, PU added

cutbased or MVA

2. Same-sign dileptons + 2 jets: WEWEW T - [[Xjj+MET First study

BKg: QCD/EWK same sign WW
14/100TeV LHC Delphes V3, PU added

cutbased or MVA
35



Snowmass: arXiv:1309.7452
Ongoing:
Yiwen Wen, Daneng Yang, Huilin Qu, Qishu Yan, Q.Li

Delphes Card

In detector simulation, for 14 TeV, we use default CMS setup. As
to 100 TeV, we use Snowmass setup.

Snowmass

@ PileUp Merger:Mean PileUp 140

@ Electron efficiency: P <10 0%
in || <15 Pr>10 98%
in1.5 < |y| <25, Pr >10 90%
in|nl >25, Pr>10 0%

© Muon efficiency: P <10 0%
in|n <15 Pr>10 99%
in 1.5 < |y| < 2.4, Pr > 10 97%
in|nl >24, Pr>10 0%

©Q b-tagging:efficiency formula as function of 7 and P;
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Snowmass: arXiv:1309.7452
Ongoing:

Yiwen Wen, Daneng Yang, Huilin Qu, Qishu Yan, Q.Li

WiIWwiw+ - 31+MET __ 14TeV LHC
Events
cut-based BDT
XS[fb) Pileup 0 Pileup 50 | Pileup 140 | Pileup 0
sl 52 s1 52 s1 52 sl
Wwww 2.1 200 | 6.2 19 | 58| 17 5.1 20
W/ 411 421 | 6.8 | 428 | 6.7 | 397 | 6.5 337
tt W 0.8 33 | 103 ] 38 | 11 | 38 11 56
4 272 40 1.0 98 | 16| 106 | 2.7 32
tt/ 6.3 10 2.7 12 | 3.4 | 13 3.6 18
WW/7/ 0.8 3.7 1.0 | 3.0 | 1.0| 35 | 0.94 3.2
significance 092 | 1.2 (082 | 1.1 075 0.98 0.94

Table: Cut flow at the LHC with /s = 14 TeV and integrated
luminosity of 100 fh—1.



Snowmass: arXiv:1309.7452
Ongoing:
Yiwen Wen, Daneng Yang, Huilin Qu, Qishu Yan, Q.Li

WEIWIwT - 3I+MET 14TeV LHC

Wwww VBF by Eboli" | Snowmass WWW#*
50 GV | 1.8x10710 | 24 x107H -
5 [GeV—4] | 27 x1071% | 25x 10711 i
T [GeV—] | 5.8 x 10713 8 - 1.2 x 10712

Our results are presented at 95%CL with 100 fb~1

58 x 10713 in 5 o with 100 fb™*

T arXiv:hep-ph /0606118 results are presented at 99% CL
 arXiv:1309.1475 results are at 50 with 300 fb—1
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Snowmass: arXiv:1309.7452
WWW  Ongoing R |
Yiwen Wen, Daneng Yang, Huilin Qu, Qishu Yan, Q.Li
Wiwiw* - 31+MET 100TeV LHC
Events
cut-based
XS[fb) Pileup 50 Pileup 140
sl s2 sl 52
Wwww || 15.61 4758 | 1416 | 3855 | 1156
W7/ 2570 || 92185 | 1670 | 82060 | 1696
tt W 890.66 8607 | 2539 | 9930 | 3211
4 2674 || 26633 | 481 | 24226 | 1283
tt/ 453.6 || 15240 | 4408 | 18180 | 5034
WW<7Z 14.13 1164 317 093 255
significance 12.54 | 1459 | 1047 | 10.79

Table: Cut flow at future p p collider with /s = 100 TeV and integrated

luminosity of 3000 fb=*.




WEWEW™T > 1213+ MET

Pileup 0 50 140

Two and only two same-sign leptons with p; = 20 GeV, |n| < 2.4. No extra lepton with p; = 10 GeV,
In| < 2.4
N; (Number of jet with p; = 30 GeV, || < 5) =2  2~3,(=29) > 2
E7r1niss > 30GeV
|m;; — my| < 15GeV < 20GeV < 30GeV
|m;; — my| < 15GeV < 20GeV < 30GeV
ot 2wl wE N PR
i AKjj Adjj P ARy Ady A }?m Ay, gmiss A‘/)Z?T%iss
14TeV, 100fb™ 100TeV, 100fb™
Pileup 0 50 140 0) 50 140
cut-based 1.7 1.2 0.9 3.8 2.0 1.2
BDT 1.8 1.4 1.3 4.4 3.0 2.6
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Snowmass VBS / VVV arXiv:1309.7452

VBE 77 Low = 1"2‘ Te(WH W )6l
Dot Luminosity 14 TeV 33 TeV
arameter [fh1] Fo 05% CL Bo 057 CL
DO 3000 | 16.2(16.2) | 9.7 (9.7) | 13.2 (13.2) | 8.2 (8.2)
A2 WA —2 J . J 1
cow /A TTVEEL L agy 313 (315) [ 182 (18.8) [ 23.8 (23.8) [ 14.7 (147)
,. . 3000 2.9 (4.7) 1.7 (2.4) 1.6 (1.7) 1.0 (1.3)
A4 r—4 1 J 1
Frs/AT[TeVE | g 55(54) | 32(53) | 28(23) | L3 (13)
.. . 3000 5.7 (6.3) 3.9 (4.6) 3.8 (6.6) 2.5 (3.5)
A4 r—d 1 J 1
fro/A* [TeV™] 300 S7(00) | 62(67) | 63(10.1) | 42(3.2)
VBF WZ Lo = 50,(60)# (o10)
Paramot Luminosity 14 TeV 33 TeV
AieRel (1] Ro 057 CL 5o 057 CL
P 3000 | 152 (15.2) | 0.1 (9.1) | 12.6 (12.7) | 7.7 (7.7)
A2 TR T—2 ! ) !
Coa/ A" [TeV] 300 385 (28.7) | 17.1 (17.1) | 23.1 (23.3) | 14.1 (14.9)
.. _ 3000 0.6 (09) | 04(05) | 03(06) | 02(03)
A4 7—4 U9 ) ‘
Fro/ A [TV ——p5 T1(1.6) | 07(10) | 0609 | 03 (0.0)
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arXiv:1309.7452

Snowmass VBS/ VVvV

VBS W=W# = (uly

Parameter | /s | Luminosity | pileup So 95% CL
[TeV] [fh~1] [TeV—4] [TeV—4]
fri/ A2 14 300 50 0.2 (0.4) 0.1 (0.2)
fri/A* 14 3000 140 0.1(0.2) 0.06 (0.1)
fri/A* 14 3000 0 0.1 (0.2) 0.06 (0.1)
fri/ AA 100 1000 40 | 0.001 (0.001) | 0.0004 (0.0004)
fri/ A 100 3000 263 | 0.001 (0.001) | 0.0008 (0.0008)
fri/ A 100 3000 0 | 0.001(0.001) | 0.0008 (0.0008)
— [T~
Paramet NS 14 TeV 14 TeV 33 TeV 100 TeV
araneter Tum, 300 b1 3000 b1
PV Fo 7300 (830) | 3600 (310) [ 1900 (190) | 750 (120)
Faro/ A [TeV= ge 2200 (360) | 1200 (160) | 660 (120) | 71 (50)
VI 5o | 7600 (1600) | 3600 (680) | 2100 (340) | 1000 (220)
Faa/ N [TV e 2500 (800) | 1200 (290) | 770 (160) | 240 (126)
VI Ko 3300 (130) | 510 (48) | 310 (26) | 120 (16)
Para/ AT [TV e o670 (36) | 160 (21) | 110 (13) | 25 (10)
4 4 So 2400 (250) | 720 (120) 320 (66) 180 (34)
Fars/ AT [TV e 820 (133) | 210 (52) | 130 (23) 38 (15) "




Summary

First measurement on aQGC at the LHC from 3 channels

First ever limits on %, K", K., 4W coupling

Triple V and EWK VV+2Jets Processes will serve as further
test on the SM, and will be much sensitive to aQGC

TGC and QGC will enter precision measurement era!!

At harder tail, we may explore aQGC with Jet subtructure (PKU
Group contributed much on W-tagging and EXO VV resonance
search at CMS, see more in Shuai Liu’s talk)
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HL-LHC (3000 fbY)

LHC 13-14 TeV (300 fb-1)

LHC 7-8 TeV (30 fb1)

Samivel



Backup
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