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Multiboson production in SM

Recent results on multiboson cross sections:
inclusive, fiducial and differential
Electroweak production %
Triple and Quadric Couplings

Future measurements




Multiboson production in SM

q t-channel q u-channel
For all the channels NLO predictions are available, very
recently - NNLO for most of the channels

- s-channel production will
yeryey  pe discussed in the second
part of the talk

q s-channel h




CMS SM measurements

_ June2016 CMS Preliminary
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ATLAS SM measurements

Status: August 2016 JL dt
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tandard Model Production Cross Section Measurements

T[T T T T
pPp 501078  arXiv:1607.06605
8x108  Nucl. Phys. B, 486-548 (2014)
J ts rR=0.4 0.1<pr<2TeV ¢ 45 JHEP 02, 153 (2015)
D'Jets R=0.4 03<m;<5TeV O 45 JHEP 05, 059 (2014)
pr>25 GeV l 20.2 arXiv: 1605.03495 [hep-ex]
7 pr >100 GeV b 4.6 PRD 89, 052004 (2014)
w ¢| 0.081 PLB 759 (2016) 601
¢ 0.035 PRD 85, 072004 (2012)
y4 |:] 3.2 ATLAS-CONF-2016-046
¢ 0.035 PRD 85, 072004 (2012)
I:] 3.2 arXiv:1606.02699 [hep-ex]
tE 4 20.3 EPJC 74: 3109 (2014)
o 4.6 EPJC 74: 3109 (2014)
I:J 3.2 ATLAS-CONF-2015-079
ti—chan 4 20.3 ATLAS-CONF-2014-007
(:) - Theory 46 PRD 90, 112006 (2014)
I:J 3.2 ATLAS-CONF-2016-090
ww A 20.3 CERN-EP-2016-186
g LHC pp Vs=7 TeV 46 PRD 87, 112001 (2013)
Yy _ Data 4.9 JHEP 01, 086 (2013)
b stat 3.2 ATLAS-CONF-2016-065
we & stat @ syst 20.3 JHEP 01, 064 (2016)
b 2.0 PLB 716, 142-159 (2012)
o LHC pp Vs =8 TeV 3.2 arXiv:1606.04017 [hep-ex]
WZ A 20.3 PRD 93, 092004 (2016)
¢ _ Data 4.6 EPJC 72,2173 (2012)
¢| stat 3.2 PRL 116, 101801 (2016)
ZZ A stat® SySt 20.3 ATLAS-CONF-2013-020
¢ LH =13 TeV 4.6 JHEP 03, 128 (2013)
ts_chan q Cpp Vs=13Te 203 PLB 756, 228-246 (2016)
wy © [ - T
zy 3 o5 SR
I-?I stat ® syst 4.6 EXNATAOY 618 thepph]
T 3.2 ATLAS-CONF-2016-003
tw Iu 20.3 JHEP 11, 172 (2015)

- 3.2 ATLAS-CONF-2016-003
ti_:Z d . . 20.3 JHEP 11, 172 (2015)
tty ATLAS Prelimi nary 4.6 PRD 91, 072007 (2015)

Zjjewk 20.3 JHEP 04, 031 (2014)
4 Iﬂ 20.3 PRD 93, 112002 (2016)
1’7 I n Run 1 52 \/_ = 7, 8, 13 TeV 20.3 PRL 115, 031802 (2015)
iW'J.I EWK h 20.3 PRL 113, 141803 (2014)
WZ.” EWK h 20.3 PRD 93, 092004 (2016)

wwwwwmw
10 103 1072 1000 1 10" 10* 10° 10* 10° 10°® 10" 05115225
o [pb] data/theory




Zy(y) production

Phys.Rev.D 93 (2016) 112002
Phys.Lett.B 760 (2016) 448 ; SMP-15-008 (
CMS-PAS-16-004

Initial State Radiation

ys =7 TeV
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or both + couplings




Zv production

- Two isolated
BB Sherpa (CT10)

BNl clectrons or muons
and a photon (lly)

e Data
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The SM predictions describe N30 Py chamel
well the differential
distributions




Z(vv)y production

CMS Preliminary 2.3 (13 TeV)

R 741, Wy, Zp o, Woore, tty R B o First 13 TeV measure
[ Spurious ECAL signal [ jet—>y MisID
[ electron—y MisID R Wy-livy

[ Zy-vvy [ZZZ7) bg uncertainty TWO neUtrinOS
(missing energy)
and a high-p; photon

CMS Preliminary 231" (13 TeV)
[ y+jet, Wopv, Zy—ly, Wozv, tty [__] Beam halo
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The measured cross section
66.5+13.6(stat)+14.3(syst)+2.2(lumi)fb
agrees with NNLO
65.5+ 3.3 fb
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WW production

arXiv:1603.01702 ; arXiv:1608.03086
ATLAS-CONF-2016-090
EPJ C76 (2016) 401 ; : CMS-SMP-PAS-16-006

Same and different flavor OppOSlte charged lepton pair ;
m1ssmg energy, 0 jets P; > 25 GeV

Total cross section pp— WW
\s=8TeV,20.31b'

etv v
e'vev
non.res. TRy
O (C[SZ ) — Combined

SM prediction (sTw 2008 POF)
CM-63.2f:f (scaio) 1.2 P0F) Pb
[arXiv:1408.5243), [arXiv:1307.1347]

e
Jet multiplicity 45 50 55 60 65 70 75 80 85 90 95
o [pb)




WW production

ATLAS
\s=8TeV,20.3fb" oo, (<1-jet)

+ Data (stat+syst)

approx. NNLO

OIVOXA
'+' oy, (0-jet)

dofs,, / dp,, [fb/GeV]

oyan(1-jet)

Pred. / Data
roOoMRO N

Ratio of measurement to prediction, Gl /o Py (leading lepton) [GeV]

* cross section for 0- and 1-jet events ;
*1/0 - ratio of cross sections 0.36 + 0.05 ;
* differential shapes are well described by the predictions




WW productlon

CMS Prellm/nary L= 2 3fo” (13 TeV)

Top quark

The measured cross section
115.3+5.8(stat)
+5.7(syst)+6.4(theo)+3.6(lumi)pb

agrees with NNLO
120.3+ 3.6 pb

Electron and

missing energy (>20 GeV),

events with 0 or 1 jet of
p>30 GeV,

3rd lepton and b-jet veto

ATLAS Prehmlnary Total cross sectlon ratlo
3.16 fb' (13 TeV) and 20.3 fb (8 TeV) (13 TeV/8TeV)

— Data
stat.
I stat.+syst.
== nNNLO+H Prediction

Fiducial cross section ratio
(13 TeV/8TeV)
1 l 1 1 1 l

1 i i l i1 11
0.8 1 12 14 16 1.8 2 2.2
Cross section ratio (13 TeV /8 TeV)



WZ Production
Phys.Rev.D 93 (2016) 092004

ATLAS-CONF-2016-043, arXiv:1606.0401
arXiv:1607.06943
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Exactly 3 isolated leptons, one pair should form Z, tighter

requirements on the lepton from W, CMS: b-jet veto



WZ Prod uction

23fb (13 TeV

2.31b" (13 TeV)
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Simulation describes data well ; top background
additionally suppressed by b-jet veto

CMS:  39.9 + 3.2(stat)+2.9/-3.1(syst)+0.4(theo)+1.3(lumi) pb
ATLAS: 50.6 + 2.6(stat)+2.0(syst)+0.9(theo)+1.2(lumi) pb

0 1 2 3 >4
Number of jets (p,>30 GeV)

Data/ MC
o
(62}

NNLO (MATRIX) : 50.0+1.1 fb NLO MCFM 44.9 +2.2/-1.8 fb
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ra High-jet
\s=13TeV,321b" mUlt]pl]C]ty

ATLAS Preliminary |
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1.16 £ 0.21 ATLAS Preliminary 1.25 + 0.36 ATLAS
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Differential cross sections and cross sectoin ratios




ZZ Production (m,, > 70 GeV)

Non-resonant

Resonant




ZZ Production R
Phys.Lett. B 753 (2015) 552 € o | 5= 8ToV, 2031
Phys.Rev.Lett. 116 (2016) 101801 [RHELSUENE =" :
CMS-PAS-SMP-15-012 Y3 3
arXiv:1607.08834 s _EE T :
6 15 + 4
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Data/MC

e Four leptons, muons or electrons ;
o Almost background free “golden
Higgs channel”
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/7 Production

CMS 2.6 fb! (13 TeV) CMS 2.6 b7 (13 TeV)
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Well separated
contributions in the mass
correlation plot




/7 Production

\s=13TeV, 321"

®  Measurement
2e2u Tot. uncertainty

Stat. uncertainty
——— «? prediction
4 i
+20
Combined

WO Theory: PLB 750 (2015) 407
. C'T1P NNLOl |

MEPEPIN EPRPE R N P .
04 06 08 1 12 14 16 1.8 2 2.2

odata/ Otheoty

Within uncertainties the
data are described by
both NLO and NNLO
predictions.
Should have more precise

measurements by Moriond
2017

| T T T |
CMS 4¢ channel
CMS 2¢#2v channel
ATLAS 4¢ channel

ATLAS 47 + 2¢72v
MATRIX NNLO (qg+9qg+99)

NNPDF3.0, fixed i _=p_=m,

MCFM NLO+gg

~ NNPDF3.0, fixed Ho=po=m,




CMS diboson measurements

Julyl 2016 _ | | ' ' | | QMS Preliminary

CMS measurements 7 TeV CMS measurement (stat,stat+sys) +———o—+—
vs. NNLO (o) theory 8 TeV CMS measurement (stat,stat+sys) +———e—+—

13 TeV CMS measurement (stat,stat+sys) —+—e—+—
1Y : o 1.06+0.01 £0.12 5.0 fb
Wy, (NLO th.) — = 1.16 £0.03+0.13 5.0 b
Zy, (NLO th) — 0.98 +£0.01 +0.05 5.0fb™
Zy, (NLO th.) F—e—i 0.98 £0.01 £0.05 19.5fb
WW+WZ — o o 1.01+0.13+0.14 4.9 b
WW —_ 0 — 1.07+£0.04 +0.09 4.9 fb"
WW —— e 1.00+0.02+0.08 19.4 fb™
WW ———— 0.96 +0.05+0.08 2.3 b
"4 0 1.08 £ 0.07 £ 0.06 4.9 fb
"4 — o — 1.04 +£0.03+0.07 19.6fb™
"4 e 0.80+0.06 +0.07 2.3 fb™
Y4 — o ~ 0.97+0.13+0.07 4.91b™
Y4 ————— 0.97+0.06 £ 0.08 19.6 fb™
ZZ, (NNLO th.) e 0.90+0.11 +0.04 2.6 fb

0!5 | | | | 1l | | | l 115 | l | | 2

All results at: Production Cross Section Ratio: o.,./0c

http://cern.ch/go/pN;j7 exp theo



ATLAS diboson measurements

Diboson
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ross ection Measurements

Status: August 2016

— T T T T
o =44.0 +3.2 - 4.2 pb (data)
NN O (theory;

o = 2.77 £0.03 + 0.36 pb (data)
NNLO (theory)

o =1.76 +0.03 + 0.22 pb (data)
NNLO (theory)

o = 1.507 + 0.01 + 0.083 — 0.078 pb (data)
NNLO (theory)

=131+0. 0210 12 pb (data)
NNLO (theory)

o =1.189+0. 009 +0.073 - 0.067 pb (data)
NNLO (theory)

o =1.05+0.02+0.11 pb (data)
NNLO (theory)

o =68.0+4.0+33.0-32.0 fb (data)
NNLO (theory)

o =0.133+0.013 + 0.021 pb (data)
MCFM NLO (theory)

o =1.37 +0.14 + 0.37 pb (data)
MC@NLO (theory)

o =137.0+ 6.0+ 13.2 pb (data)
NNLO (theory)
=68.2+ 1.2+ 4.6 pb (data)
NNLO (theory)

o =51.9+2.0+4.4pb (data)
NNLO (theory)

o = 530.0 + 23.0 + 51.0 b (data)
NNLO (theory)

o =374.0+7.0 + 26.0 — 24.0 fb (data)
approx. NNLO (theory)

o =262.3+12.3+23.1fb (data)
MCFM (theory)

o =563.0+28.0 +79.0 - 85.0 fb (data)
MCFM (theory)

o= 1360&60t 14.3 fb (data)
NLO (theory)

o =50.6 ¢2.6 + 2.5 pb (daiag
MATRIX (NNLOJ (theory}

o =243+0.6+0.9pb (data
MATRIX (NNLO) (theory

o= +1.4-1.3+1.0 pb (data)
MATRIX (NNLO) (Iheory)

o =252.8+13.2+12.0 fb (data)
MCFM NLO (theory)

o =140.4 + 3.8 + 4.6 fb (data)
MCFM NLO (theory)

o =16.7+22-20+ 13- 1.0 pb (data)
NNLO (theory)

o =7.1+0.5-0.4+0.4pb (data)
NNLO (theory)

o =6.7+0.7+0.5-0.4 pb (data)
NNLO (theory)

oc=107.0+9.0+ 5.0 fb (data)
Powheg (theory)

o = 76.0+18,0 + 4.0 fb (data)
Powheg (theory)

0 =29.74+39-3.6+2.0- 15 fb (data)
MCFM (theory)

0 =20.74+13-12+1.01b (data)
MCFM (theory)

o =254+4+33-3.041.6-1.4fb (data)
PowhegBox & gg2ZZ (theory)

o =127+3.1-29+181b (data)
PowhegBox & gg2ZZ (theory)

o =73.0+4.025.0fb (data)
PowhegBox norm. to NNLO & gg2ZZ (theory)

o =29.8+38-35+21-19fb(data)
PowhegBox & gg27Z (1heo y)

ATLAS Preliminary
Run1,2 \s=7,8,13TeV

" NNLOQCD

8388 NLO Qed
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stat ® syst
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Diboson EWK production

e Vector Boson Scattering

® |n absence of H, V,V, violates unitarity

Vv

e Experimentally - two forward, high p-jets, high-mass
dijet system, jets separated in rapidity

e Some evidence of EWK W*W+jj : PRL 113 (2014) 141803,
PRL 114 (2015) 051801




Exclusive WW production

arXiv:1607.03745
arxiv:1604.04464

—

_ N W A O N 0O O

ATLAS -e-Data2012 [_]Incl WwW
\s =8 TeV. 20.2 fb' [Jexc.ww [l Excl. o
T Wlother v %~ sys. o stat.

Events / 10 GeV

Excl. WW signal region

ih,_

20 40 60 80 100 120 140 160 180 200
b [GeV]

e electron-muon pairs with opposite charge, no other
tracks in the detector, dilepton mass > 20 GeV

oMeasured -« iox = (Naaa — Noackground)/ (L €A) = 6.9 £ 2.2 (stat.) + 1.4 (sys.) fb

o CMS observed 13(2) events for expected 3.9+0.6 events
for 8(7) TeV - 3.6 o excess




EWK Wyjj and Zyjj production

CMS-SMP-14-011, CMS-SMP-14-018

19.7 fb” (8TeV) mu channel

CMS
Preliminary

>
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()
Ay
%)
l
c
)
>
L

e Electrons and muons, jets pr > 30 GeV,
central photon, m;;>700 (400) GeV and S
|Any;1 > 2.4 (2.5) for W(Z)yjj

10.8 & 4.1 (stat.) = 3.4 (syst.) £ 0.3 (lumi.) fb

1.86 022 (stat.) *057 (syst.) £ 0.05(Iumi.) fb




EWK WZjj production

PRD 93 (2016) 092004
PRL 114 (2015) 051801

ATLAS ® Data 2012
\s=8TeV,203fb" _ Sherpa

Sherpa WZjj-EW

MC@NLO

® CMS measures inclusive WZjj at
W*Z - £vEe

dijet masses above 300 GeV in
WW EWK analysis

Ac™/A my [fb/GeV]

e ATLAS at masses above 500 GeV
set 95% upper limit on fiducial
VBS cross sections at 0.63 fb

Ratio to Sherpa

800 1000 o0
m, [GeV]




CMS EWK summary

Jan 2016 CMS Preliminary
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ATLAS EWK summary

Status: August 2016

VBF, VBS, and Triboson

Zjj EWK

Hjj EWK, (tot.)

— H(->WW)jj EWK
Wyy—tvyy
— [jer = 0]
Zyy—tlyy

— [njee = 0]

WWW - £vevij

WWW - évevey

v - WW

W:W2jj EWK

WZjj EWK

ross Section Measurements

ATLAS Preliminary

Run 1

\s =8 TeV

- Theory

LHC pp Vs =8 TeV

Data 20.3fb7!
stat
stat @ syst

2.0

2.5

I3.0I - l3.5l
data/theory




Triple and Quartic Gauge Coup

Are there variations from SM couplings at high energy scales?




Anomalous couplings - extenc
the SM

* Effective vertex approach

2 0 > 9
Bu _ . 9y — My % B . qy—m
Mz, =1 € ) { % (a¥ &+ qy &™) o =i e {h (g™ —a78™)
Z
vV _aBup _ qe
o < (azy = azap) } + by 5 (av g™~ d ay)
Z

+hy P g,

qe
+ hl‘l/ m—‘g eHhro Avp Gyo }

Z

* Effective Lagrangian approach

EWWV = —igWWV gY (W;;W_“VV — W:VVW_‘“V) + EVW:WV_VMV

A -V, . vpo - —
+ m—%/VWJ;W PV —igt e [WHB,W, ) — (0,W;)W; ]V(,} :

* Effective Field Theory approach




Form-factor and unitarity viola

Non-zero anomalous coupling - tree-level unitarity
violation at high energy

Effective Lagrangian and effective vertex - unitarity is
preserved by introducing a form-factor

In CMS we set limits without form-factor/ ATLAS does with
and without

Results with A ~ 3-4 TeV are similar to those without A

Transition between formulation is only possible in no-
form-factor approach




How the couplmgs are measured

wmenel Sensitive distributions:

3 v+et, W(uv), vy, Z(llyy

=k ™  py of the leading leptons/

O W— ev
[ Wy— vy

photon
invariant mass of diboson

EIRER h—-0001 h =0.0

system
Expecting increased cross
section at high energies

TWw mDY
BWZ/ZZNVV | W+jets

— ¢, /A® =20 TeV?
— = Cpyw/A® =20 TeV?

Events / bin

100 200 300 400 500 600 790 800 900 1000 400 500 600
p, (leading lepton) [GeV] m,, (GeV




Limits on neutral aTGC

Mar 2016 CMS —
ATLAS —
Channel Limits ftat Vs

i | | 77 [-1.5e-02,1.5e-02] 46fy" 7TeV

—_— 77 [-5.0e-03, 5.0e-03] 19.6fb' 8TeV

i ZZ (212v) [-3.6e-03, 3.2e-03] 24.7fb" 7,8 TeV

— ZZ (comb) [-3.0e-03,2.6e-03] 24.7fb" 7,8 TeV

2 : | Y74 [-1.3e-02,1.3e-02] 46" 7TeV

— ZZ [-4.0e-03, 4.0e-03] 19.6fb"' 8TeV

—A ZZ (212v) [-2.7e-03,3.2e-03] 24.7fb"' 7,8TeV

— ZZ (comb) [-2.1e-03,2.6e-03] 24.7fb" 7,8 TeV

f [ | 77 [-1.6e-02,1.5e-02] 46fb"' 7TeV

— Y74 [-5.0e-03,5.0e-03] 19.6fb" 8TeV

—T ZZ(212v)  [-3.3e-03,3.6e-03] 24.7fb"' 7,8 TeV

—A ZZ(comb) [-2.6e-03,2.7e-03] 24.7fb" 7,8 TeV

2 : | 77 [-1.3e-02,1.3e-02] 46fy" 7TeV

— 77 [-4.0e-03,4.0e-03] 19.6fb"' 8TeV

— ZZ (212v) [-2.9e-03,3.0e-03] 24.7fb" 7,8 TeV

— ZZ (comb) [-2.2e-03,2.3e-03] 24.7fb" 7,8 TeV

| . . . | . I . | . , . | . . . | .

0 0.02 0.04 0.06

aTGC Limits @95% C.L.



First limits using 13 TeV data

(%] ———y t—r v 1 1t v v [ T ' !
€ .~s|_ ATLAS Preliminary ® Data
0 10 S= 13Tev 13.3 fb‘ E w:z (corr. ‘o NNLO) ' Ls LS T LS Ls LS T LS ] T T T LS I T T T Ll ] Ll Ll T Ll I T Ll T L I
LI>J ) ! Misid. leptons ATLAS Prelimi
’ I Others 1 == ATLAS combined 8 + 13 TeV
..... Agi=-0.1,A4 x*=0.25,A*=0.1 == Tot. unc. i
o[ = A g'=0, A ¥¥=-0.19, 1=0 N == ATLAS Vs =13 TeV, 13.3 fb" N
10 U, Pesessessusesenss Ju— ATLAS @ - 8 Tev' 20.3 fb-l
X e ~= ATLAS Vs =7 TeV, 4.6 b’
102 — Ao =
W'Z = ¢'vee
10
. Ak?x0.1 —— W
O 15 —
E N PP SRR B N B |
© -0.05 0 0.05 0.1 0.15 0.2 0.25
T 1
()

aTGC Intervals at 95% C.L.

" 1 " M M 1 " " M 1 " " "
200 200 600 800
my'“ [GeV]

Looking forward to see results with higher statistics soon !




Study of WV production

CMS-PAS-SMP-16-012

« Semileptonic channel :
¢, mmp lepton High p; electron or muon +

q

Missing E; +

Jet (AK8) +

veto on additional lepton or b-jet
. AK4

/ w—) fat jet 231" (13 TeV)

CMS
preliminary,

"%  mmmp Missing Er

[JUncertainty

?
O]
0
g
12}
5
>
w

Using pruned mass
(merged jet) for
background evaluation

WW and WZ enhanced'regions



Study of WV production

Using mass of WV system for aTGC

23" (13 TeV)

uv,WZ-category
¢ Data W—uv
sgnalc_ /A"=12 TeV’ = Expocted 68% C.L Expected 95% C.L.
. Wejots — - Expected 99% C.L Observed 95% C.L.
E “ww’wz » Best it value
R Single Top

Events /(100 GeV)

observed limit
[-8.73,870]  [9.46,9.42]
9 (TeV'?)  [[117,111]  [-126,12.0]
% (TeV'2)  [-549,533]  [-56.1,55.4]
[-0.036,0.036] [-0.039,0.039]
[-0.066 ,0.064] [-0.067 ,0.066]
[-0.038,0.040] [-0.040,0.041]

Will be significantly improved with the whole 2015-2016 stats




Study of WV production (VBS)

in preparation

Can be resolved (jj) or merged (J)

ATLAS Preliminary —+Data =~ — ®,=0.10
[s=8TeV,20.2fb"  — %005 EMSMEWKWYV
+ T CIW+ets [t
W=Tv, V=i [ Single-top Il Diboson
Wl Z+jets [ Multijet

~
o
-
[©2]

ATLAS Preliminary +Datgo —a,=0.10
=8TeV 20.2 b — ,=0.05 [llSMEWK WV
ﬁ |8v 3 ’ JO b [CIW+jets  [ff
v [ Single-top [l Diboson
B Z+ets  []Multijet

)]
o
a4
N A

—
o

>
()]
0]
o
©60
~
@
C
(0]
>
L

N
Events / 100 GeV

w
o

500 600 700 800 800 0
m(WV) [GeV]

m(WV) [GeV]
-0.024 < a4 < 0.030 and -0.028 < a5 < 0.033




Study of WWW production

in preparation

—_
o

> 4gET T T —
@ ATLAS Preliminary —e— Data

O] ‘ WWW

o 16 ys=8TeV, 203" _—WZ

< o Fake L.

>~ {4 vivlv . Vy ,

0 1 Charge Flip L.

S 12 0+1+2 SFOS SR i Other Bkg. \

2 fs o/ A*= 2000 TeV"

i .

4 -4
5 /A*= 2000 TeV

fs o/ A*= 2000 TeV*
T g /A"=-6000 TeV™

E-IT\_I-II|III|III|I\I|III|III|II\|III|

m E j !
& 1547 ok
s . , ) z
8 SRRV
O 4 >
0 100 200 300 400 500 600 700 800 900 1000
md [GeV]

Upper 95% CL observed limit

on SM WWW cross section
730 fb with expected 560 fb

on the absence of the

WWW production

L Confidence Intervals
95% CL

[ 68% CL
[ -- Observed 95% CL
[ ><Observed Value

ATLAS Preliminary
ls=8TeV, 203 fb"
WAWW — Wlvji+iviviv

PRSI BRI Y

L PRI
-0.2 0 0.2
fo/A* (10°TeV™)

0.4 0.6 0.8

Ase | Expected CI [x10°TeV=] | Observed CI [x10°TeV—]
(TeV] fsolA* fsa/A* fsol/A* fs1/A®
0.5 [-0.40,0.42] [-0.58,0.65] [-041,044]) [-0.62,0.70]
1 [-0.39,0.42] [-0.56,0.63] [-0.37,041] [-0.56,0.63]
2 [-0.24,0.26] [-0.36,0.42] @ [-0.23,0.24] [-0.35,0.39]
3 [-0.20,0.22] [-0.33,0.36] @ [-0.20,0.21] [-0.30,0.34)
00 [-0.17,0.17] [-0.29,0.32] @ [-0.17,0.17] [-0.27,0.30]




Limits on aQGC

April 2016 CMS
Kits Channel Limits ftst s
fro /A® rosesrarenasn s | Wryy [-3.8e+01,3.8e+01] 19.4fb"' 8TeV
: | Zyy [-1.6e+01, 1.9e+01] 20.3fb" 8 TeV
proeasarararesnsnacass | Wyy [-1.6e+01, 1.6e+01] 20.3fb" 8 TeV
RIRI— | WVy [-2.5e+01, 2.4e+01] 19.3fb"' 8 TeV
— Zy [-3.8e+00, 3.4e+00] 19.7fb"' 8 TeV
—— Wy [-5.4¢+00, 5.6e+00] 19.7fb" 8 TeV
F---l ss WW [-4.2e+00, 4.6e+00] 19.4fb" 8 TeV
fr, /A® rosesearenase s I Wyy [-4.6e+01,4.7e+01] 19.4fb"' 8TeV
— Zy [-4.4e+00, 4.4e+00] 19.7fb"' 8 TeV
— Wy [-3.7e+00, 4.0e+00] 19.7fb"' 8 TeV
F-I ss WW [-2.1e+00, 2.4e+00] 19.4fb"' 8 TeV
frp /A — Zy [-9.9e+00, 9.0e+00] 19.7fb"' 8 TeV
——— Wy [-1.1e+01, 1.2e+01] 19.7fb"' 8 TeV
F----l ss WW [-5.9e+00, 7.1e+00] 19.4fb"' 8 TeV
frg /A — Zyy [-9.3e+00, 9.1e+00] 20.3fb"' 8 TeV
— Wy [-3.8e+00, 3.8e+00] 19.7fb"' 8 TeV
NN i Wy [-2.8e+00, 3.0e+00] 19.7fb"' 8 TeV
fr, /A* ——A Wy [-7.3e+00, 7.7e+00] 19.7fb"' 8 TeV
frg /A H Zy [-1.8e+00, 1.8e+00] 19.7fb"' 8 TeV
frg /A® —A Zyy [-7.4e+00, 7.4e+00] 20.3fb" 8 TeV
— Zy [-4.0e+00, 4.0e+00] 19.7fb"' 8 TeV
| | | | | | | | | | | | | | | | | | | | | | P | | | |
-50 0 50 100 150

aQGC Limits @95% C.L. [TeV]




splice consolidation
button collimators
R2E project

nominal
lun experiment beam pipes

13-14 TeV
injector upgrade
cryogenics Point 4
dispersion
suppression
collimation

m

nominal luminos
experiment upgrade
phrase 1

PI

HL-LHC installation

5x1034 cm2s1;
140 evnt/bx

nominal
luminosity




Expect updates and new results

with full 2015-2016 statistics
30 fb-?
for Moriond 2017 !




