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One picture to rule them all

May 2017 CMS Preliminary
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Challenging analyses

May 2017 CMS Preliminary
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Looking everywhere

May 2017 CMS Preliminary

® o oo rr @ 7 TeV CMS measurement (L < 5.0 fb™)
a®: oo B 8 TeV CMS measurement (L < 19.6 fb™)
S m 13 TeV CMS measurement (L < 35.9 fb)
Snjetlg) ¢ ¢ b — Theory prediction
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Thanks LHC
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Strong interplay

Anomalous
Couplings

More ...
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Inclusive Cross Section

@ Many new results at 7/8/13 TeV from ATLAS and CMS

o H 11 d: 1NO0S]
ow we usually procee DATA — o X f Lumlnoslty

@ Inclusive cross section
o0 = DATA/ [ Luminosity

10" &

T ' Q pp— X

H H 7 TeV, 20 ub', Nat. Commun. 2, 463 (2011)
O Measurement ATLAS Prelimin ary 8 TeV, 500 ub", Phys.Lett. B761 158 (2016)

1011 ~ 13 TeV, 60 ub!, Phys. Rev. Lett. 117 182002 (2016)
pp — X O O Pythia8 (LO) ~ Z pp— W E pp— 2y

7 TeV, 4.6 fb"', arXiv:1612.03016 (for Z/W)

& TeV, 20.2 fb”, JHEP 02, 117 (2017) (for Z)
13 TeV, 81 pb’, PLB 759 (2016) 601 (for W)
13 TeV, 3.2 fb”, JHEP 02, 117 (2017) (for Z)

O ppott
7TeV, 4.6 b, Eur. Phys. J. C 74:3108 (2014)

8 TeV, 20.3 b, Eur. Phys. J. C 74:3109 (2014)
13 TaV, 3.2 b, arXiv:1606.02699

O pp—1g

7 TeV, 4.6 fo', PRD 90, 112006 (2014)

8 TeV, 20.3 1t arXiv:1702.02859

13 TeV, 3.2 b, arXiv:1600.03920

O ppoH

7TeV, 4.5 fb”, Eur. Phys. J. C76 (2016) 6
8TeV, 203 1", Eur. Phys. J. CT6 (2016) 6

13 TeV, 13.3 fb!, ATLAS-COMF-2016-081

O ppoww

7 TeV. 4.6 f", PRD 87, 112001 (2013)

8TeV, 203 fb", JHEP 09 029 (20186)

13 TeV, 3.2 b, arXivi1702.04519

7 ppoWZ

7TeV, 4.6, Eur. Phys. J. C (2012) 72:2173
8TeV, 20.3 fb', PRD 93, 092004 (2016)

13 TeV, 3.2 Ib'1. Phys. Lett. B 762 (2016)
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) The background of your signal is my signal A@)S

EXPERIMENT

o = (DATA — Background)/(e [ Luminosity)

@ Background estimation is essential for precision measurements

@ Close connection analyses and improvements in description of a final state leads to reduction of
uncertainties on background subtraction

@ Standard model: jets, single vector boson, double vector bosons, ... and Higgs
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Standard Model measurements
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Many measurements Y

ERIMENT

EXP

@ Many measurements of SM processes @ New results in the following

in agreement with expectations

Status:
. . .
Standard Model Total Production Cross Section Measurements wayz017  [£dt
b1 Reference
Tmmmﬂmmmﬂmmmﬂmmrm’r L RARENRREEE LEREE LN L [ ]
r =96.07+0.18+0.91 mb (data) -8  PLB761(2016) 158
pp : COMPETE HPR1R2 (theory) A 50x10 o)
r=0535+038+1.3mb (data) -8 Nucl. Phys. B, 486-548 (2014
: COMPETE HPR1R2 (theory) o 8x10 g Gk
r=190.1+0.2.+6.4 nb (data) PLB 759 (2016) 601
W : DYANLO + C114NNLO (theory) o 0081
r=08.71£0.028+2.191 nb (data) arXiv:1612.03016 [hep-ex
; DYNNLO '+ CT14NNLO (theory) o 4.6 L
o =58.43+0.03+1.66 nb (data) o 3.2 JHEP 02 (2017) 117
DYNNLO+CT14 NNLO (theory) i
r =34.24+0.03+0.92 nb (data) JHEP 02 (2017) 117
Z ; DYNNLO+CT14 NNLO (theory) A 20.2 )
o =29.53+0.03+0.77 nb (data) o 46 JHEP 02 (2017) 117
DYNNLO+CT14 NNLO (theory)
o =818+8+35 pb (data) PLB 761 (2016) 136
ikt top++ NNLO+NLL (theory) D 3.2
r=242.9+1.7+8.6 pb (data) ¥ EPJC 74: 3109 (2014)
tt ‘ fop++ NNLO+NNLL (theory) A 20.2
0 =182.9+3.146.4 pb (data) ; EPJC 74: 3109 (2014
top++ NNLO J\INLL (theory) % 0 )
o = 247+6+46 pb (data) arXiv:1609.03920 [hep-ex
NLO+NLL (theory) o 3.2 ftep:od
r=80.6+1.7+7.2-6.4 pb (data) arXiv:1702.02859 [hep-ex
tt—Chan : NLONLL (theary) A 20.3 [hep-ex]
r = 68+2:+8 pb (data) PRD 90, 112006 (2014
i NL&}NLL (theory) o 4.6 ¢ )
o =142+5+13 pb (data) i arXiv: 1702.04519 [hep-ex
NNLO (theory) o Theory 3.2 p-ex]
r=68.2+1.2+4.6 pb (data) PLB 763, 114 (2016)
WW ) NRILO (theory) A 203
o =51.942+4.4 pb (data) o) 4.6 PRD 87, 112001 (2013)
NNLO (theory) ~ - LHC pp \/E =7 TeV
0 =61.5+10.5-10+4.3-3.2 pb (data) | 13.3 ATLAS-CONF-2016-081
LHC-HXSWG YR# (theory) Data
0 =27.7+3+2.3-1.9 pb (data) i EPJC 76, 6 (2016)
H LHC-HXSWG YR4 (theory) A _ stat 20.3
0=22.1+6.7-53+3.3-2.7 pb (data) i EPJC 76, 6 (2016)
LHC-HXSWG YR4 (theory) a stat @ syst =
o 04;10NL(2)8N7N25LDD’(da\a) [ m] 3.2 arXiv:1612.07231 [hep-ex]
+ (theory) -
Wt o =23+1.3+3.4-3.7 pb (data) A LHC pp \/g =8TeV 20.3 JHEP 01, 064 (2016)
NLO+NLL (theory)
o =16.8+2.9+3.9 pb (data) o] Data 2.0 PLB 716, 142-159 (2012)
NLO+NLL (theory)
0=50.6+2.6+25 pb (data) m| stat : 3.2 PLB 762 (2016) 1
MATRIX (NNLO) (theory) stat ® syst
o =243+0.6+0.9 pb (data) : PRD 93, 092004 (2016)
wz A -
=194 14-1341 pb (date) o) LHC pp Vs =13 TeV 46 EPJC 72,2173 (2012)
MATRIX (NNLO) (theory).
=17.240.6+0.7 pb (data) [m} Data 36.1 ATLAS-CONF-2017-031
Matrix (NNLO) & Sherpa (NLO) (theory)
ZZ o =7.3+0.4+0.4—0.3 pb (data) A stat 20.3 JHEP 01, 099 (2017)
NNLO (theory) stat @ syst
1r:67¢07+05—04§>b(data) 0 46 JHEP 03, 128 (2013)
NNLO (theory,
r—4.8+0.8+16—13 pb (data) : PLB 756, 228-246 (2016)
ts_chan ‘ BLeqLape n ATLAS Preliminary 203
= o =15+0.72+0.33 pb (data) 3 EPJC 77 (2017) 40
tt W Madgraph5 + aMCNLO (theory) junl 3.2
r =369 +86—79 + 44 fb (datal = JHEP 11,172 (2015)
: MCFM (theory) ) A} Run 1 12 \/— - 7! 8: 13 TeV 203
= 0 =0.92+0.29+0.1 pb (data) O 30 EPJC 77 (2017) 40
t tZ Madgraph5 + aMCNLO (theory)
r = 176+ 52— 48 + 24 fb (datal JHEP 11,172 (2015)
: PELAGNLO (team) O 20.3
M FEEEE FEETI PR R FEE T b
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Z7 - 4 leptons

ATLAS-CONF-2017-031

- Z @ 4 leptons: electrons/muons
{ @ Very clean experimental signature
- @ 66 GeV <M, <116 GeV — on-shell Z
q “ @ Main background from non-prompt leptons
g QO — Z @ Analysis statistically dominated
)\ Y @ Different final states (4e, 2e2u, 4u) and combination

@ Good agreement with SM NNLO expectation

g \QQ-QJ—Q—'\A/'\/Z

> T T T T T T T I 1 I I I T T 1 I 1 I I I 1 I | 1
8 10} ATLAS Preliminary /s=13 TeV, 36.1fb ™| pp — ZZ — 4l ATLAS Prefiminar
imi
~ Fiducial y
[4)] — pra g Py
= ZZ 3 [+ 1 de .
o Data Vs=13TeV, 36.1 fb
= Prediction (SHERPA)
L Prediiction stat. & syst. uncertainty |
g — 22 [ ] Measurement
gg —~ZZ
pp —+ Z Zjj, electroweak 2e21 Tot. uncertainty
Background b
Prediction (POWHEG + PYTHIA, Stat. uncertainty
SHERPA)
NNLO + corrections
g o
-.CE = H +2¢
(1] L7
© | % %
— .
SR S— Combined
- il 1k dede s 7 |
93 06 . ) ) ) I./az/_/z/zly z/: E 1 1 1 | 1 1 I 1 | 1 1 1 | 1 1 1 | 1
o 200 300 400 500 600 700 800 1500 0.6 0.8 1.2 1.4 16
My [GeV] Gdata/ Gtheory
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CMS-PAS-SMP-16-017

Z7 - 4 leptons

@ 4 leptons: electrons/muons

© Final Expected Background Total Observed
. state Ny expected
4y 1196012149 | 39£1.0£15 | 199916 =150 196
7(%) - / 2e2u | 1791 +£11+£123 | 3.6+08+08 | 182.7+14 +£123 167
7() 4e 591+06+6.7 |244+04+10| 614+08+L68 64
Total | 4342+18+289 | 99+14+25 | 44414+23+29.1 427
q ot 5 [ T
H— 77 8 20~ « cwsar | -
N | = cmsearey
ot T MATRIX NNLO (qq+qg+gg)
bo. | T NNPDF3.0, fixed e=p=mg
. 1 - MCFM NLO+ -
% 5009 T * ﬁe"ﬁ"fa’?l [T1 TTT T 1T |?5'? |fb| |(T?T?\Q x| Measurement 15_ T 7 NNPDF3.0, fixeg ?‘f H=m, ~ p
S | 2 e : performed at different
S + -2zt | center of mass I
5400_ BN g9 22,2y | . 10, ]
c | [ 12Z+2jets EWK energics i
2 [ H-22Z I
= [ 1z, wwz ] i
300 I z+X . 5 N
: —_— N\ N\ z : I I 1 | 1 1 I | 1 I \ I 1
L ] 8 10 12 14
L a \E (TeV)
2001 g i v | | Decay Expected Background Total Observed
I ZZ 7 | channel Ny expected
100l i 4y [ 26565+13+84 [ 52408+15 [ 270715486 | 290
- t 2e2y | 4254+16+175190+18+34 | 4444 +241+18.1 465
g - 7 4e 1653 +1.0+109 | 1184+ 15422 | 177.24+1.8+ 114 175
0 o R T Total | 85624234333 | 360+£25+£6.4 | 892.2+34+344 930
0 100 200 300 400 500 600 700 800
W My, (G GVV'
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Electroweak ZZ

@ 4 leptons: electrons/muons

q"’ @ Electroweak production including Vector Boson Scattering
\ S CMS Preliminary 359" (13 TeV)
1 T | LI | LI | LI | LI | LI | LI | LI
3591 (13 TeV [}
q d YA F | | I I - G2 —»Data _
s 5 [ oms e 8 mziEy
+ Preliminary syst i = - ]
Z, W= 10 [ qu/ag - ZZ(+jets) | £ Baq »>2zz
B o0 > Zsiets) |- 3 [d2zsx

] > i

’ 4 B qq > Z+2jets EW || w [ tez, wwz
6] Clwwz iz _ 10 |
- ZeX A | my > 100 GeV E
17 ]
(C) q 10? = 1
7 . i

q §
] 3
i 1 | L1 | 11 1
10
Wi 200 400 600 800 1000 1200 :lfI‘HOFGE1 00
! CMS Preliminary 359" (13 TeV)
q -: \ Z 0 1 2 3 >3 g 25||||||||||||||||||||||| TTTT ||||_|.|_|;a|tla|||||||:
Nets (I < 4.7) S 200 mzziEw
11 L ZZ
@ q muoz
W1e— []Z+X —
Selection ttZand WNZ QCDZZjj Z+X  Totalbkg. EW Z7Zjj Total expected Data = Otz wwz - 4
77jj 71+08 97+£14 66+25 111+£14 62+07  117+14 99 3 m>100GeV ]
VBS signal-enriched 0.9 £0.2 1944 07403 2044 4405 25+ 4 19 12 ]
A A 10 =
M, > 400 GeV, |An, | > 2.4 - .
@ High di-jet invariant mass

@ Jets and leptons variables combined into a BDT

0 01 02 03 04 05 06 07

08 09 1

_ +0.86
@ O'/OSM =1.39 065 ERCCI
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Electroweak Z and Zy

@ Electroweak Z + 2 jets: Measurement of the cross-section for q q

electroweak production of di-jets in association with a Z boson in pp
collisions at Vs = 13 TeV

Hose
> g A e - = S LI B | w+ Z
8 g ATLAS Preliminary 3 = 2x102 ATLAS Preliminary 4
el 143 s=13Tev,32f" | & W
o 10t " : 3 5 1°E E + ot
S E Zjj EW-enriched region 3 @ - ] o
= i ¢ Data 7 L B 3
M ) 4@ aor ]
g I EW-Zjj (POWHEG) 3 o 30+ i
- B QCD-Zjj (ALtPGEN) § O o0l ] ’
107" 4 S ' !
g 3 "3 10 —
r - =} C ]
i 1 % - S 1 ATLAS-STDM-2016-09
3 I a 4r 1
: 3r 1| POWHEG EW-Zjj m >0.25 TeV
10°3E - B PowHEG EW-Zjj m>1TeV i
1000 2000 3000 4000 s = s
Dijet invariant mass [GeV] Centre-of-mass energy s [TeV] 250
< R RARAN LRRRE AR LAREE RARRN RS LS RARRE LR
S B —— Data ]
E 200l ATLAS B Z(7TY EWK T
. o ~ (s=8 TeV, 20.2fb"' W Z("TyjjQCD
@ Electroweak Zy + 2 jets S 0 B Z+ets ]
q q = tty ]
- > . . o WZii
@ Significance = 2.00 (1.80) observed (expected) & e 1
Y Search Region
@7 —1land Z — vv used o]
50 ‘n —7jj|
Ty VR =094 £ 0.09 fb . Ly
Z A T A
WK = 1,105 (stat) £ 0.4 (syst) b = 1.1 £ 0.6fb & 4t i
g i N
@ i s el L
STDM-2015-21 & ¢ 1

arXiv:1705.01966 005 11852 253 32 ety
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Fiducial and Differential Cross Section A@

EXPERIMENT [/&

e R B B e e e B A e e L
—ATLAS —e— Data, stat. uncertainty

8 TeV. 203 fb'1 —e— Data, total uncertainty
[~ \s= eV, 20.

Powheg

@ Many new results at 7/8/13 TeV from ATLAS and CMS

[$))

------ Powheg+Resumm
—— MC@NLO

—# WW

@ How we usually proceed:

dold, / dm, [fb/GeV]
N

@ Inclusive cross section

@ Fiducial and differential cross section 2

|Il||l||]l||l||

@ Reduced theoretical uncertainty on experimental results

T T 11

—_ —

@ Less model dependent results

Pred. / Data

@ Allow comparison with several MC calculations

OO0
rowdAD
of
Sl
S}

50 100 150 200

JHEP 09 (2016) 029 ™"

@ Fiducial phase space: ATLAS-CONF-2017-031
— 15— 00— > ' — 10—
@ Mimic kinematic :3 250t ATLAS Preliminary X G ., ATLAS Preliminary 1 =,
GO 200[,/5=13TeV, 36.1 b’ > @5 |Vs=13TeV,36.11fb" =
acceptance of = 60| £ = =
d N 40! Q 2 9
etector | 3 E s Q
. D 100t S o =
@ Unfolding procedure: 2 o oy o
11 1 1 d 80| 10’ 2 2 10"
usually regularize | g = :
distribution 60}
501 1k
a 1 40}
Bayesw}n, SVD o 77
regularization / 20 0 1.7
10
@ Response matrix SR NSRS S P I SIS a " s e
Reconstructed pr.2, [GeV] Reconstructed Jet mul’ﬂpIICI’[y
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A complete menu

@ Many measurements performed by ATLAS and CMS >
O]
. . . 14} ]
@ Single jet @ Double Vector Boson @ Triple Vector Boson 7, }
e et ZZ 5 i 1
o Dl-_] ct a WW @ Vector Boson C|>,) ’ gras::ic:linn (SHERPA)
1 (NN 10r “%  Prediction stat. 4 syst. uncertainty 1
@ Single Vector Boson @ WZ Scattering 9422
8r . gy Z7 1
pp — ZZjj, electroweak
a W a ZZ 6 BN Background p
. Prediction (POWHEG + PYTHIA,
g SHERPA)
@7 @ WZ+y - |
\‘\‘\
¢s¢ 2 ]
s .
1 1 $ 8 i ‘ Z ' H ]
@ Differential ZZ — 4 leptons E I Z :
-~ 2 .
. . H ~ 10 H =77 | /{
@ Fiducial phase space . : . - : -+ [ e
> 20 ATLAS Preliminary ) [(h] Z = T
O V5=13TeV, 36.1 b z 0.6 ) ‘ ) . ) . 4
5w 2 a 0 50 100 150 200 250 1500
Type Input or requirement ¢ 1w g pr z, [GeV]
(=] ¥
Leptons (e, )  Prompt td
Dressed with prompt photons within AR = 0.1 . < ‘ i i i i 1
pr > 5GeV - () ATLAS Preliminary /s=13TeV, 36.1 fb~
0l < 2.7 e O ost ]
Reconstructed pr.z, [GeV] ~ L] Data
Quadruplets  Two same-flavor opposite-charge lepton pairs Y g Total uncertainty
Three leading-pr leptons satisfy pr > 20 GeV, 15 GeV, 10 GeV S 06k { Systematic uncertainty ]
z —— MATRIX NNLO + corrections
Events Only quadruplet minimizing |mes — mz| + |me e — mz| is considered '2 5_ ~-=- MATRIX NNLO
Any same-flavor opposite-charge dilepton has mass my; > 5 GeV "«, 1?__ —'— SHERPA
AR > 0.1 (0.2) between all same-flavor (different-flavor) leptons "',"' _8 047 i * ------ F;":';if ;’ ngTZH"Z'})
Dileptons minimizing |m¢e — mz| + |me ¢ — mz| are taken as Z boson candidates ":,,'l
Z boson candidates have mass 66 GeV < my < 116 GeV
Jets Clustered from all non-prompt particles
Anti-k; algorithm with R = 0.4
pr > 30 GeV o
Iyl < 4.5 _g
Rejected if within AR = 0.4 of a fiducial lepton -~
e,
9 U 5 -— L] 4
o 0 Sb 160 150 260 250 1500

@ 20 variables, including jet related ones
ATLAS-CONF-2017-031 pr.z [GeV]
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= Looking for deviations

@ Many new results at 7/8/13 TeV from ATLAS and CMS
@ How we usually proceed:

@ Inclusive cross section

@ Fiducial and differential cross section

@ High energy regimes for anomalous couplings

*

@ High energy regime as a probe for new
physics at scales not yet reachable directly

@ Deviations 1n the tails

AN T N I N I R R H Ly | — -....u;;;.:mmﬁi’“""r -
QZ
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Anomalous Couplings

@ Charged Anomalous Triple Gauge Couplings: charged aTGC
@ Neutral Anomalous Triple Gauge Couplings: neutral aTGC
@ Anomalous Quartic Gauge Couplings: aQGC q 7

. . Z/v*
@ Vertices not allowed in SM at tree-level /Y
. . e . . q Z
@ Different kinematic distributions due to changes in the couplings
LHC EW WG cMS
May 2017 ATTAG+CMS El Channel Limits [Ldtib™)  VS[TeV]  Ag[TeV]
P — ZZ(A22v)  [-3.8¢-03, 3.86-03] 203 8 o
%1 0‘3 ‘ | ZZ(41,212v) [-1.0e-02, 1.1e-02] 9.6 7 =
N 8_‘ L e P zz(4)) [-5.0e-03, 5.0e-03] 19.6 8 e
- ATLAS Preliminary Expected 95% CL - — zz(2v)  [37e-03,3.3e-03] 247 78 -
6 {s=13 TeV. 36.1 fb" —— Observed 95% CL ]| — ZZ(41,212v)  [-2.9e-03, 2.6e-03] 247 7.8 -
L ! I tio _ — ZZ(4l) [-1.3e-03, 1.3e-03] 359 13 o
- 1o . ¢ — ZZ(4,212)  [-3.3e-03, 3.26-03] 203 8 =
B [ $20 g ‘ | Zz(212)  [8.9e-03, 9.2e-03] 96 7 e
4 ] —_ 22(4)) [-4.0e-03, 4.0e-03] 196 8 w
- s — 2z(2l2v) [-2.86-03, 3.26-03] 24.7 7.8 o
2 N N — ZZ(41,212v) [-2.2e-03, 2.6e-03] 24.7 7.8 o
L i — zz(4)) [-1.26-03, 1.16-03] 35.9 13 w
- . p [R— ZZ(@22v)  [-3.8¢-03, 3.86-03] 203 8 =
o _] ’ | ZZ(212v)  [-1.1e-02, 1.0e-02] 96 7 p
L i — 7z(4)) [-5.0e-03, 5.06-03] 196 8 o
B 7 — zz(212v) [-3.3¢-03, 3.7€-03] 24.7 7.8 m
) - ] — Zz(4,212v)  [-2.6e-03, 2.7-03] 247 78 o
- - — zz(4)) [-1.2-03, 1.3e-03] 35.9 13 o
B ] p — ZZ(@22)  [-3.3e-03, 3.3e-03] 203 8 o
4 _ . | zz(a22v)  [-9.2e-03, 8.9e-03] 9.6 7 o
_I i i | i i i I i i i | i i i I i i i | i i I_ X1 0-3 '—| 22(4” [-4‘09-03‘ 4.06-03] 196 8 “
— zz(212v) [-2.9-03, 3.1e-03] 247 7.8 o
—4 -2 0 2 4 v — Zz(@212v)  [2.3e-08, 2.3¢-03] 247 7.8 o0
fs — zz(4)) [-1.0e-03, 1.2¢-03] 359 13 o
ATLAS-CONF-2017-031 L, L T i L B R
0 0.02 0.04

aTGC Limits @95% C.L.
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Anomalous ,,\‘
. Couplings . _

WxW= + 2jets

@ Vector Boson Scattering WW

@ Same sign — reduced background

@ High di-jet invariant mass
@ Observation with 5.5 standard deviations (5.7 expected)
@ Fiducial region:

@ p.-?>20 GeV, n"?[<2.5
@ p,>30 GeV, n'[<5.0, |An, [>2.5, M, > 500 GeV
® Ohd (WiWi]]) = 3.83 £ 0.66 (stat) = 0.35 (syst) tb

@ Sensitive to anomalous quartic gauge coupling

35.9fh™ (13 TeV) 35.9fb™ (13 TeV)
T | T T T T = T T U T .

-cué oo — mH 200 Gov CMS -cué [ eban 1 /A 042 Tov Observed limits Expected limits ~ Run-I limits
Do EVWW .= 600 %V preliminary | OIS0 Ewww oy /a0t Tev* ] (TeV ) (TeV %) (TeV %
L N o\ B 1 W RN o\ B unc I /A [-7.7,7.7] [-7.0,7.2] [-38, 40] [11]
Others 1 [ Others CMS fs1/A [-21.6,21.8] [-19.9,20.2] [-118, 120] [11]
B ] 100 - o = fmo/ A [-6.0,5.9] [-5.6,5.5] [-4.6 , 4.6] [29]
100 . . Prelimina 1 MO
AR ] N\ Y1 ha/A [-8.7,9.1] [-7.9,8.5] [-17,17] [29]
— BN 1 fus/A  [-11.9,11.8] [-11.1,11.0] [-65, 63] [11]
so B ] ol 1 fw/A  [133129] [12.4118]  [-70,66] [11]
. 4 - I 1 fro/ A [-0.62,0.65] [-0.58,0.61] [-3.8,3.4] [30]
ETNT R [ 1 fro / , ,
E —\\\\\\\\;\\\\&\\\_ _________ \¥ ________ __ _—m | fri/A [-0.28,0.31] [-0.26,0.29] [-1.9,2.2] [11]
o EEE e ] N S i e fro/ A [-0.89,1.02] [-0.80,0.95] [-5.2,6.4] [11]
500 1000 1500 2000 200 400 600
m; [GeV] m, [GeV] CMS-PAS-SMP-17-004
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Improving the precision

@ Many new results at 7/8/13 TeV from ATLAS and CMS
@ How we usually proceed:

@ Inclusive cross section

@ Fiducial and differential cross section

@ High energy regimes for anomalous couplings

@ If limited by systematics, ratio measurements to reduce systematic uncertainties

19.7fb™” (8TeV)

— |—0.050 LI | L | L L LI | LI | T T 7 I_
% - CMS Preliminary ] <10 IIIIIIIIIIIIIIII = @
L 0.045:—|v [<1.4 N\ E e b ATLAS and CMS [Kezs Mwzs Azgs Moo My Mz ]
~~ - NN . o ; LHC Run 1 —— Observed
0040 NN . ' g e SM expected 3
o - ‘<
= 0035:— \ \ 3 : 2
- \&\\ \ \ S el 1
0.025 . u:
5 E 2 F s
0.020— — S E
W e data E
0.015 Y stat+syst B ! \/ \/ !
0 D-IP 11 1 1 | 11 1 1 | 11 1 | | 11 1 | | 111 1 | 11 1 1 11 | |: ()_—2I I I_I1I.5I i I_I1I l I_IOI.5I - Icl) o '0-|5I 2 ‘.11:I i l1 -|5I - I_2
%o 200 300 400 500 600 Qp 800 X
GeV
SMP-14-005 PrGeV] JHEP08(2016)045
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tt/ Z

@ Measuring ratios of experimental observables some T amas | NN
systematic uncertainties cancel out 13 TeV. 3.2 fb™
@ e.g. luminosity uncertainty BN cata £ total uncertainty
. . . | | data + stat. + exp. uncertainty
@ Ratios also with respect to different center of mass | data & stat. uncertainty
: A ABM12 ——k——
energies results — .
H NNPDF3.0 ————
o MMHT14 ————
O  ATLAS-epWZ12 O+
%10?E_III|IIII|IIIIIIIIIIIIIlllllllll-llllllllllll_lg |:| HERAPDF2.0 _}——D_—|_
G E -eData Z-u'u 3 (NNLO QCD, inner uncert.: PDF only)
"u‘; 6— MCSTaT.®Sy51.UnC. ATLAS — covov o b by by by b e by by
2 10°s [(JZop'w -1 = 0.7 0.8 0.9 1 1.1 1.2
£ F mobosen 13 TeV, 3.2 fb : St / i
T Ozovr : tt(13TeV) = ~Z(13TeV)
10 = [ Top quark E
104 :_ _: T T | 1 1 T I T 1 I T T I 1 T T T 1 1 I I 1 1
ATLAS
° ] 8 TeV, 20.2 fb”
10° = 13 TeV, 3.2 fb”
E 3 [Pl data = total uncertainty
- . | data + stat. + exp. uncertainty
102 = | data+ stat. uncertainty
. I_III!|||||IIII!Illllllll!|||||||||!IIII|IIII!IIII| A ABM12 *}
B1.0: _ v cTia Y
a M NNPDF3.0 -
% . [ ] MMHT14 g+
]
. , , : , O  ATLAS-epWZ12 O
70 80 90 100 n-_ll-l O[GBV] O HERAPDF2.0 H H
" {NI\IILO QCD, inrller uncert.: PIDF only) | : |
JHEP02(201 7)1 17 1.4 1.6 18 2 2.2 24 o 26
t(13TeV) , ~ ti(8TeV)

fid fid
Oz(1aTev) Oz(8Tev)
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=)

More ... ‘ More [ N J
EXPERIMENT [#
@ Use LHC based results to constraint knowledge on proton CMS-PAS-SMP-16-011 _
PDF, measurement of strong coupling constant o 100 e HERAPDF method (Hessian)
O CMS HERA I+1I DIS
@ Measurement of the triple-differential di-jet cross section x 80 T o e et
= -
@ p,, Ay, boost (y,) < 60| .
@ Different phase spaces probed — sensitive to a0l |
different PDF components
o . ] 20 B T
@ Important to reduce systematic uncertainty in
precision measurements and searches S0 .
O 04F — -
| o 2 92t
= 2Rk <x) mm B0d-jes mm oqa e 202}
:.§GQ*IEt5(Xg>Xu) 8 Tev ;lm o 6_04_ . o . i . g .
5 g o 10-4 10-3 10-2 10-1
ks =
Cos e X
: I I ©gg-jets @ qgigi— jets ® qigi—jets
$ * @ gg—jets (xg<x;) HEE ® qiqj—jets HEM @ qig;—jets
20.6 = B @ gg-jets (xo > Xq) 8 Tev
g ) <10 a
Ko o
@ 0.4 ¥
Los
0.2 ﬁ
g 0.6
00 200 300 500 1000 ' --‘.‘\.‘:I__r".,,.,...:.......---> i;
p-l-‘ oo [Gev] N i A E w 04
R
"'"luu|uu|n|nn"“'“““““ 0.2
’ ' ’ 1 ’ 0.0 200 300 500 1000
Y = §|yl + y2| PT. avg [GeV]
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@ From precision measurement of single vector boson

== Precision measurement W+, W- and Z/yx

ATLAS

EXPERIMENT [/&

1 > gl T ‘ T T T | T T T | T T T I T T T I T g
production — proton PDF, measurement of strange quark § - ATLAS —4— Data -
. : ¥ total (stat
density, measurement of CKM matrix elements |V _| > 10°E (s =7 TeV, 4.6 b ﬁ%\“, ;;_(ii) E
Iy L e B A A A 3 E L Z —> p. p._ - Z/'Y*—)TT ]
8 gsof ATLAS . - %1200?('19""""" LR g 1055 B ti+singletop =
o Vs=7TeV, 461 | -8 - ATLAS § t[;?:(stat) L & [] Dibosons =
g L | Lobg b 1 1 Sypooffs=7Tevaem’ 00 . - ) ]
600 . -1 @ TWH S ety [ Muttijet i 1 04 - [ ] Multijet -
ﬁ AN 8 soof - - 3
., u>.1 i B Z/y —ee C =
550 - - I ]
U WHsity o 600" E
500 * Aemi2 P, >25GeV 7 L 3
L S eearorzo e ] 400f
450[ & wairzors =t Vo wcaramy 3 :
e a0 200
grose L T f
209574 M%%"ﬁ “ﬁ 1% “f'?"‘% M‘ 30 40 50 60 70 80
§ 0 0.5 1 1.5 2 hﬁ,l's Electron p_[GeV]
G [ amas Q?=1.9 GeV? . i
< 051 ATLAS-epWZ16 @ Inclusive cross section m,, [GeV]
2 I el W A . . .
[ = €Xp UNC. @ Differential cross section SN . ‘ ,
0.41; ATLAS
r @ ratios between different f3=7TeV, 451" _H
03-_ ﬁnal States m zzruncenaimy
C ) . . [ total uncertainty
o @ comparison with different + ABMI12
0.2 o & CTi4
- PDF sets, precision O HERAPDF20
- o JR14
0.1 measurements A MMHT2014
i # NNPDF3.0
- TR IR TR TR AN SR TSN NN S SR S ST S | T S S N
[ 142 144 146 148 15 152 154
0 Ll e _ - fid fid
10° 102 10 STDM-2012-20 SW* v/ OW s Iy
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o

i X ° °
[ ]
| Precision measurements: W mass
@ Precision measurement at LHC STDM-2014-18 i
> L T S e e Y U [T S TR ) e LTI A VSIS L P ) [ e e B ey
o 160 ATLAS =
2 - = -@- Data =
W mass (\5 140F Vs =7TeV, 4.6 fb” W - etv —
B [JBackground 3
= € = 2/dof = 54/59
M, = 80370 + 7 (stat.) + 11 (exp. syst.) + 14 (mod. Syst.) MeV 5 100E x*/do =
L = o=
= 80370 £ 19 MeV = =
@ Extensive work to keep experimental and theoretical 4 =
uncertainties as small as possible s ’
e e T 3
I B T T S Y |
W—ev I
Ine| range 0.0,0.6]  [0.6,1.2] [1.82,2.4] Combined g 098 : o i s 3
Kinematic distribution p%. mr pgr mT p%. mr pgﬂ mT ) 60 70 80 90 100 110 120
dmw [MeV] Iy [GeV]
Energy scale 104 103 108 101 161 171 81 8.0
Energy resolution 50 6.0 7.3 6.7 104 155 3.5 5.5
Energy linearity 22 42 58 89 86 106 34 55 ALEPH EERR e 00§ SERROIRINIag
Energy tails 23 33 23 33 23 33 23 33 ATLAS
Reconstruction efliciency 105 88 99 78 145 110 7.2 6.0 DELPHI @
Identification efficiency 104 7.7 11.7 88 16.7 12.1 7.3 5.6
Trigger and isolation efficiencies 0.2 05 03 05 2.0 22 08 0.9 L3 O
Charge mismeasurement 02 02 02 02 15 15 01 01
Total 190 175 211 194 307 305 142 143 S EE e e
W— uv CDF .
|7¢| range [0.0,0.8] [0.8,1.4] [1.4,2.0] [2.0,2.4] Combined DO — =
Kinematic distribution p% mT pfr mT p% mT pET mr pET L e ma e e ma  al s a abela - C  eble al ball  t
Smw [MeV] ATLAS W' —*N
Momentum scale 89 93 142 156 274 202 111.0 1154 84 88 i ® Measurement B
Momentum resolution 1.8 2.0 1.9 17 15 22 34 38 1.0 1.2 ATLAS W = Stat. Uncertainty X
Sagitta bias 07 08 17 17 31 31 45 43 06 06 e T
ReCOHStTUCtion and ATLAS Wt 1 1 L |u 1 Incl:el allnly 1 | 1 I [l 1 1 I 1 L 1 1 ] 1 1 1 L
isolation efficiencies 4.0 3.6 5.1 3.7 4.7 3.5 6.4 55 2.7 2.2
Trigger efficiency 56 50 71 50 118 901 121 99 41 3.2 S N S G LB
Total 114 114 169 170 304 310 1120 1161 98 0.7 m,y [MeV]
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Higgs measurements
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The Higgs

@ Similar path as SM measurements 1 " 000
@ Lower signal / background ratio = goH 48.58 pb >

H

@ More challenging!

@ New particle at LHC:
@ Full spectrum diagnosis of the new boson
@ Check of different production mechanisms qqH 3.78 pb g
@ Check of different decays ! !

@ Check for anomalous couplings and deviations vs theory

WH+ZH 2.26 pb >WWA<
bb
g t
ttH+bbH 1.0 pb :::IH
g 3

m_ =125 GeV
mer | 13TeV

VBF

=

7z VY Zy
TT

ggH

wWWwW cCc+dgg
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H-Z7Z7/vyy £

@ “golden channels”
@ Inclusive cross sections
@ Fiducial and differential measurements
@ Higgs mass measurement

@ Anomalous couplings

CMS Preliminary 35.9 fb™ (13 TeV) § 200?' l—-I—ID;taI T 11 lAITlI.AS Preliminarl:y —E
8 100— e Data = = =] —Signm g Hayy,'mH=125.09GeV e
A B [ ] H(125) = [i] 160: S\//Br:l;/mgthtedrisum of ]
. [ q9-2Z,2y* 140> event categories =
€ 8o Bl 99-ZZ,zy* | o= E
L‘I‘>J’ - Bl Z+X ] 3 E
60:— _: 80;— —;
40:— _: 402: :E
20 —: 2 E
i 00 900 L ST } 4
m,, (GeV) BEREET 120 130 140 150 160
m,, [GeV]
CMS-HIG-16-041
CMS-HIG-17-011 CMS-HIG-16-040
MS-HIG-17-015
ATLAS-CONF-2017-032 CMS-HIG
ATLAS-CONF-2016-079 ATLAS-CONF-2016-067

8th June 2017 A. Massironi (Northeastern University) 28



@ Low BR but clean signature — full
kinematic of Higgs decay reconstructed
@ Very high signal/background ratio

@ Differential measurements, Higgs

couplings, mass measurement, ...

m, 125.26 £ 0.20 (stat.) +0.08 (syst.) CMS ZZ @ 13 TeV

m, = 125.09 = 0.21 (stat.) = 0.11 (syst.) ATLAS + CMS @ 7+8 TeV {20 121 122 125 124 125 126 1)27 i

-2 AlnL

H- Z7

CMS Prel/m/nary 35.9 b (13 TeV)

8 T — CMS Preliminary 35.9 fo™! (13 TeV)
N (ap) PR | U R e e
7E o ¢+ Observed
E o - —— total SM Dig > 0-5
6:_ ; | ] VBF+VH SM
N € ool total f,,=+0.5 il
C () oy VBF+VH f.=+0.5
5¢ D [ Emzzzy
E - Z+X
4 0 o b o I
EIETEE
3; — 2e2p i d
K 4 10— —
2; — Combined i i
Lo Combined (stat. only) i 1}
1} fffffffffffffffffffffffffffffffffffff I i A |
e ;

m, (GeV

0.8 i
dec
DA1

0.4 0.6

> L8 [ | I =TSR I | ] = | =TT | TS | | ) | | | o | IETET | o | I_
[0 - ATLAS Preliminary _* Data i CMS-HIG-16-041 ATLAS-CONF-2017-032
O 50 Y 3 signal mgileo el =] CMS-HIG-17-011 ATLAS-CONF-2016-079
Te) R 7272 I Background Z_Z - ; . :
<R ; B Baokgound v,y | S0 Ten 17 Tev) 359" (13 Toy)
Rl | 13TeV,36.1fb I Background Z+jets, tt | £ _ ATLAS Preliminary ~ —e— Data i 2 6F Y -
N 40 — V4 Uncertainty Fd T 5—_ HoZZ" > 4 [ Syst. uncertainties = = + CMS Pl’ellmlnary -
< - ai s S0 T 13TeV,36.1 o HRes k = 1.1, +XH ] S ]
> E ] = i NNLOPS & = 1.4, +XH e o) L + Data (stat. @ sys. unc.) i
S I . B E I MG5 FxFx k = 1.47, +XH - 5 C ]
L - B © E WY XH = VBF+WH+ZH+ttH+bbH ] [ = Systematic uncertainty ]
30 — e p-value NNLOPS = 65% r ]
E E - * } * Z :::: :ﬂs:stZ/ - 4:_ §§\\\\\\\ Standard model (m, = 125 GeV, N0 gg~H)
E al ol i C ]
20 - — E 4 * : 3F \§L® =
E i "l 5 i S :
: : E 5 E 2__ =
10 i . 0’\\\\'\}\\1\\ SO oo 2 o) E xx“*\x \&“‘% E
ot O e, S senl. A | I | | - . pp —>(H Sa)+X ]
"t-“, 1j Tl || e o 1 : 'T_l 11 I L1l | 1111 I 1111 I 1111 | 1111 L1l I 1111 | 1111 I 11 l_'l'
m,, [GeV] | ' al Is (TeV)
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H - yy

;‘1.5"']"'||.".]"'|"'l"‘l"'l"']"'l' E‘ 7||IV||v||||||||||||||||||1||v||||!||vv|
i r ATLAS Preliminary my = 125.09 GeV . goLATLAS Preliminary m,, = 125.09 GeV
0 2 H NNLOPS + XH b

a LOW BR ~ 0.2 A) but Clean s} —+— data, tot. unc. l:\ syst. Uni. . ig_> s * o _+ data, tot. unc. [l syst. unc. u N3LO + XH
- FH—yy,Vs=13TeV, 13.3fb g9—-H = © L H—yy, (s =13 TeV, 13.3fb" B N3LO+JVE + XH
E— L ---XH=VBF + VH + ttH L I # STWZ, BLPTW + XH

b © b4

Slgnature < 1 b 60 I B GoSam+Sherpa+ XH
S r B Powheg NNLOPS + XH 1
S ]

B NNLOJET + xH

@ Differential measurements and : a0l | - XH = VBF + VH+ 1 |

o anti k, R=0.4, p_>30 GeV]
different production mechanisms : " MhlLL
: : : a® oo
0-'--'-‘-l-'-‘-‘-‘l-'-‘-T-'-'-'-'- N Y T T T ERTEAR Tt AAITE 8 1% e Ay ey AL ) B —m
o T T T T T T T T T O|A|A|A||||||IIIIIIAIIA\IIA
:é 2 | % 2 ' ' '
8 : ¢ l
[}
s 1#%#1 g 1JJ‘F°—4L"E‘—“i‘°‘H—!_=_
i ! s ! et
imi _1 | | 1 ! ! ! | 1 | S
> _CllMlsl |F|,r|e/{n|7”|73|r‘|yl LFE P L ] L |3|5|.|91fk[)| |(|1 l3| Tleyl)_ 20 40 60 80 100 120 140 160 180 20( f;s 0 L L L
[ B H—>yy b py [GeV] >0 >1 >2 >3
Q;MOOO‘_Fﬁ 195 4 GeV. =116 All categories = N
~ M s S/(S+B) weighted ] 1
212000} + Data 3 CMS Preliminary 35.9fb" (13TeV)
Q>J : i S+B flt : § 3:I T TT ‘ L | T TT | T TT T TT | T TT | T TT | T TT I:
(1110000 — = & [ # Best Fit .
£ B L B component - =050 Eas 3
D 8000 B3k - C i $ S ]
H = L = C H \ 7
[ 2o B L f % —1c I
% 6000 — = = 2: i k - ]
54000:_ _: 15i ! \“ j CMS-HIG_16_O4O
£ - YL 1 \ -
¢ 2000~ . £ } E CMS-HIG-17-015
a :I | ) . | I | O 95 | | Y S O | I | 988 e ) | | | S S | el L I | S O I | | | [ I | I- : “ “ :
0 L \ 1 |
S T oikE \ ; 1 ATLAS-CONF-2016-067
600 — B component subtracted - 2 5 ; ]
E = C \ ."' 1
400 £ = o i -
200 [{ _; » St .
: U 95 m, profiled E
—200 = C d
E 1 1 1 1 1 1 1 3 _I 111 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | {1} I_
10001 T R120 1 H1 301t A0 150 £ TE1603 | 170- F1 180 s o 0.5 1 15
mw (GeV) l‘l'ggH,ttH
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2 is better than 1: di-Higgs searches

@ Rarer processes being investigated: o, =33 fb (Ogg =49 pb) at Vs = 13 TeV

H
@ Destructive interference between diagrams
, - o
) -
h /)
_____ ()\hhh ! Y
N\
\
N\ - _
\ T -
Yyt
g h g h
iy
SS
@ Cross section enhanced by BSM: zy |a.
@ Non-resonant: anomalous couplings vy e o
=
@ Resonant: e.g. 2HDM or Randall-Sundrum 77 30002 11002 & S
- — o0
graVItonS CC |34e-02 1.3e02 50e-03 3.7e-03 E
: : B =
@ Different final states considered w @M e D 9
B S
2 ATLAS 09 [9.9e-02 3.7e-02 7.3e-03 m
@ CMS WW ’-25:-01.: 4.6e-02
ob @ | | | 1 I | { I

bo WW gg cc ZZ Y Zy s UM
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Di-Higgs searches

@ No X — HH resonances found (so far)

-
o
=

= CMS

[ Unpublished bbivlv {CMS-PAS-HIG-16-011, 2.3 fb'1)
Assumes SM Higgs BR

@ Sensitive to new physics — so far no deviations with

o

T
I L3 —]
I'GSPGCt to SM observed ‘;T N = bbbb (CMS-PAS-HIG-16-002, 2.3 fb) =
https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryResultsHIG gx - 7
g_ 10° §_ bbyy (CMS-PAS-HIG-16-032, 2.7 fb"') _§
channel CMS ATLAS T -
limit o/0sy; | luminosity | limit o/ogy, | luminosity S i - —Observed
= 28 (25) 35.0 b1 - - £"E T Bpected 3
bbWW 79 (89) 35.9 fb~1 - - o [ ]
bby~y 91 (90) 2.7 fb1 117 (161) | 3.2 b1 < e -
bbbb 342 (308) 2.3-2.7 tb~! 29 (38) 13 fh~! o F =
YYWW - - 749 (386) 13 fh~1 B | | | | | -

400 600 800 1000 1200
@ SM HH limits set m"* (GeV)
. . . |_|1 04 = T | T T T T | T T T T | T T T T | I T | | | T T T T —
o = = e = =
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e ttH: 6, = 0.5 pb (Ggg

H

Rare is good: ttH

=49 pb)

@ Multileptons final state (H - WW, ZZ, tt), H — tv, H — bb, H— yy

o

=

|
= 4
! |
O O T Tl < O

Tl

Systematically
limited

+
+
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< T

(4]
=

< Increased cross section

b
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|
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ttH - different final states

@ Multivariate analysis

CMS preliminary

35.9fb™ (13 TeV)

ATLAS-CONF-2016-058

hnl LA B L T L
techniques used my, = 125 GeV ATLAS Preliminary  {s=13 TeV, 13.21b"
@ More data needed to reach n=15702 [ 55 (stat) 07 (sysh) ] —tot.  —stat, tot (stat, syst)
. | 2¢0Thag 421 +1.2 417
50 dlSCOVGI’y o == 4.0 77 (57, S3)
0.6 +2. +2.
n=18"" 2 1Thag —e——m 6.2 %% (2 3
P | e 0517 (415, 49)
pu=1.0 J_'0'7
HIG-17-004 Gl ar| o < 2.2 (68% CL)
CMS Preliminary 35.9fb' (13 TeV) 4 T
@ & I I I | | I 4 p=09%23 Combination Fod 25 :ﬁ* Cg-;’ t(‘];)
c - [, post-fit (SM prediction) . -16 [ I I P S B
G>-) 120 +Data @WZ [Non-prompt ] I U PR FUI ST P A e " 0 5 10 15 20 25
L : .ttH DRares L__\Charge mis-m. : -1-0.50 05 1 15 2 25 3 35 best fit m for m =125 GeV
N mtW @WW* ggTotal unc. J Best fit u(ttH) tiH H
100 [tz  [Conv. —
1 CMS Preliminary 35.9 b (13 TeV)
= T LN e PR TS e R N L P
W2, ATLAS Preliminary 1s=13 TeV, 13.2-13.3 fb"
w=-1.200 —total = —stat. (tot.) (stat.,syst.)
—— +12 [ 412 402
2Iss+1r, i (13T3\',_|1(;|3_:ﬂ) 03 Do (Lo, 52 )
I"L —] 086:'- ’ + + +
E — § 066 ttH(H->WW/tt/ZZ) b o 1SR B G i
20 \: - ! 1 : gl 3|+1Th (13Tev13.21b™)
\ : = 1.2211% ttH(H—>bb) e 21 110 (405 409
. Al 0o il I S e SRR _ .....
o - 1 . : z
1.8 . unc. | unc. = = Combined inati ; +0.7 404 +06
@ 1.2__ @l stat. unc. [ total unc 1 |a= z;\eﬂstE f)l(t ar st ttH combination b 1.8 07 (o405 )
% 14:_ + _: : i : = oo 0.8 0.5 0.7
= 1.2c - ‘ ' : ; ttH combinati S 17 5 ¥ s
T 1ok —S S C— e 2 2 eroissmati. b Eeein ) BT (Con 00 )
0.8 ] Best fit u = G/GSM 0 2 4 6 8 10
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BDT (itH,witv) bin ~ H1G-17-003
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Even rarer: tHq and anomalous couplings A@)S

EXPERIMENT [/

@ Strong interference in SM scenario

@ o, =007 pb
o With k/k, != 1 =SM, I4x larger tHq
production

@ Most SM measurements are sensitive to
k| — here we probe the sign too

CMS Preliminary 35.9fb" (13 TeV)

£ T e Data T mEItH i CMS Preliminary 35.9fb ' (13 TeV)
g 50; B twW [ 74 o ; .'g_l I] T T T | 'I T
- i ‘éﬁes %“;\'r‘"‘w‘;et;n o HIG-17-005 Mrpp— tH 4 tH Ssssg:: ||ilmmiltt((: : BB;) ]
i tHq (=-1.0) tHW (k,=-1.0) ] - - H—- WW/ZZ/rr
401 ] . /2] +1 standard dev.
i ] 12 b K=kt b +2 standard dev. .
C ] 9 i oliee. x BR (ry = 1.0)
30— - o g g ___ ol xBR (ky = 1.0)
i ] _ ' B . ol % BR (kv = 1.0)
— - _Q * .
201 - =
i - o
B ] m
10— — X
- . S
0 _- SENSNANESY, NS S5 i 1 1 'é_
E 4?‘ L B AL AL L L LR L A AL L B BN BN 'E
(2] F| e Data/SM [Tot. SM unc. B
o 3f E
o 2 ot E
I E ]
o 1 e e
0 e — (k=-1.0)/SM -... Backg./SM e 0.0 . . S T .
-1 -08-06-04-02 0 02 04 06 08 1 -3 -2 —1 0 1 2 3
kinMVA (tHq vs tt) Kt/ Ky
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Simplified Template Cross Section

@ Reduce main theoretical uncertainties in the Simplified Template Cross Section (STXS),
arXiv:1610.07922

@ Common phase spaces defined by ATLAS, CMS and Theorists

@ Possible re-interpretation of experimental results given new theoretical predictions
CMS Erell:minﬁar}l/ ‘

35.9fb" (13TeV)
e

7

ratios of Ty Tzz Tww Twp Trr  (Tzy Tup) CMS'HIG'1 6'040 Hoyy —m— Per process + 1o
- T | > Hi f ggH | 10522 . SM Prediction
VBF _0_6 goe = my, profiled |
1 o
- T B N
- o | s | | e
T | | _
_.._ WH leptonic | 3.172 —a—
. E— K -
—>-[:_ EFT ZH leptonic | 0.0 H
—[highBsm_| i i &
coefs VH hadronic | 4.17%° f = |
— -]
Gt [
E »| high p¥ _ specific csproc/ctheo
Y . | BSM ATLAS Preliminary m,=125.09 GeV
—>[very ighpy ] Js=13 TeV, 13.3 fo! (WI;, 14.8 10" (22)
Herr - lo(bbH) | | o(tH) | g -e- Observed 68% -.C-L SM Prediction
Al | |
To X BH = yy) = 63 73 fb £ el -
163 (o Blge ——
OVBF X B(H - ’y’y) = 17.8 57 fb e 1
ATLAS-CONF-2016-067 425 s ]
TvHlep X B(H — yy) = 1.0 275 b © B, —
- - - 6.8 w| |
ATLAS-CONF-2016-081 oo st yy) = 23 %651 v o

+14 g 4 2 0 2 4 6
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Conclusions

@ LHC results from ATLAS and CMS
@ So far mostly compatible with SM predictions
@ Precision measurement era started

@ More data needed to reduce statistical and systematic uncertainty
@ 2016 results still coming + 2017 data taking just started

@ Lepton Flavour Violation in Higgs-land — be patient and wait 30 minutes for Higgs flavor specific
decays at ATLAS and CMS by Colin Jessop
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CMS

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS
Overall diameter : 15.0m Pixel (100x150 pym) ~16m* ~66M channels

Overall length :28.7m Microstrips (80x180 pm) ~200m? ~9.6M channels
Magnetic field  :3.8T

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m?* ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL

ELECTROMAGNETIC ). \
CALORIMETER (ECAL) \| ¥
~76,000 scintillating PbWO, crystals \\“

/ N

HADRON CALORIMETER (HCAL)

Brass + Plastic scintillator ~7,000 channels
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ATLAS

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
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° Higgs — yy
@ Low BR ~ 0.2% but clean signature

@ Differential measurements

H - yy @)

CMS-PAS-HIG-17-015 ATLAS-CONF-2016-067
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Neutral anomalous triple gauge couplings A@)s 2

EXPERIMENT &

LHC EW WG cMS

May 2017 ATLAS+CMS Channel Limits [Latio] VS[TeV]  As[TeV]
i — ZzZ(4,212v)  [-3.8e-03, 3.8e-03] 20.3 8 o
| ZZ(41,212v)  [-1.0e-02, 1.1e-02] 9.6 7 o0
ZZ(4)) [-5.0e-03, 5.0e-03] 19.6 8 0
— Zz(22v) [-3.7e-03, 3.3e-03] 247 7.8 o
—a ZzZ(4212v)  [-2.9e-03, 2.6e-03] 24.7 7.8 oo
— ZZ(4)) [-1.3e-03, 1.3e-03] 35.9 13 o0
£ —_— ZZ(41,212v)  [-3.3e-03, 3.2e-03] 20.3 8 o0
ZzZ(4212v)  [-8.9e-03, 9.2e-03] 9.6 7 os
—_— ZZ(4l) [-4.0e-03, 4.0e-03] 19.6 8 o0
— Zz(212v) [-2.8e-03, 3.2e-03] 24.7 7.8 o0
— ZZ(41,212v)  [-2.2e-03, 2.6e-03] 247 7,8 o0
— ZZ(4l) [-1.2e-03, 1.1e-03] 35.9 13 oo
i — ZZ(41,212v)  [-3.8e-03, 3.8e-03] 20.3 8 0
: Zz(4,212v)  [-1.1e-02, 1.0e-02] 9.6 7 00
ZZ(4l) [-5.0e-03, 5.0e-03] 19.6 8 o0
— ZZ(212v) [-3.3e-03, 3.7e-03] 24.7 7.8 o0
— ZZ(41,212v) [-2.6e-03, 2.7e-03] 24.7 7,8 o0
— ZZ(4l) [-1.2e-03, 1.3e-03] 35.9 13 o
2 e ZZ(4212v)  [-3.3e-03, 3.3e-03] 20.3 8 o0
ZzZ(41,212v)  [-9.2e-03, 8.9e-03] 9.6 7 o0
(S ZZ(4l) [-4.0e-03, 4.0e-03] 19.6 8 o0
P ZZ(212v) [-2.9e-03, 3.1€-03] 24.7 7.8 o
—A ZZ(4l,212v)  [-2.3e-03, 2.3e-03] 24.7 7.8 o
||—| ZZ(4)) [-1.0e-03, 1.2e-03] 35 l9 13 o0

1 1 1 I 1 |
0 0.02 0.04
aTGC Limits @95% C.L.
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Neutral anomalous triple gauge couplings &

EXPEI!TI\ﬁNST
April 2016 CMS —
ATLAS +H—
CDF — Channel Limits ILdt Vs

h! Zy(lly,vwvy) [-1.5e-02,1.6e-02] 46fo"' 7TeV
H Zy(Ilyvvy) [-9.5e-04,9.9e-04] 20.3fb"' 8TeV
— Zy(lyvvy) [2.9e-03,2.9¢-03] 50fb' 7TeV
— Zy(Ily) [-4.6e-03, 4.6e-03] 195fb"' 8 TeV
H Zy(vvy) [[1.1e-03,9.0e-04] 196fb"' 8TeV

: | Zy(lly,vvy) [-2.2e-02,2.0e-02] 51fb' 1.96TeV
e Zy(llyyvy) [-1.3e-02,1.4e-02] 46" 7TeV
H Zy(ly,vvy) [-7.8e-04,8.6e-04] 20.3fb' 8TeV
— Zy(lty,vvy) [-2.7e-03,2.7e-03] 5.0fb"' 7 TeV
— Zy(Ily) [-3.8e-03,3.7e-03] 195fb' 8TeV
— Zy(vwy)  [-1.5e-03,1.6e-03] 19.6fb' 8TeV

| | Zy(lly,vvy) [-2.0e-02,2.1e-02] 5.1fb' 1.96TeV
b Zy(lly,vvy) [-9.4e-05,9.2e-05] 46fb' 7TeV
H Zy(Ily,vvy) [-3.2e-06,3.2e-06] 20.3fb" 8TeV
— Zy(llyyvy) [-1.5e-05,1.5e-05] 50fb' 7TeV
— Zy(Ily) [-3.6e-05, 3.5e-05] 19.5fb"' 8 TeV
H Zy(vvy) [-3.8e-06, 4.3e-06] 19.6fb" 8TeV
. ; Zy(lyvvy) [8.7e-05,8.7e-05] 46fb' 7 TeV
H Zy(llyvvy) [-3.0e-06, 2.9¢-06] 20.3fb"' 8TeV
— Zy(llyyvy) [-1.3e-05,1.3e-05] 5.0fb' 7TeV
— Zy(lky) [-3.1e-05, 3.0e-05] 19.5fb" 8 TeV
| ||4 | Zy(vwy)  [-3.9e-08, 4.5e-|06] 19.6 fb™ |s TeV

| | | | | | | | | | |

-0.2 0 0.2 0.4 0.6 0.8 x107(h)),
aTGC Limits @95% C.L.  x10%n)
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Charged anomalous triple gauge couplings A@)s

EXPERIMENT [/&

March 2017 e M
ERVae Do) —— Channel Limits [ Lt is
A — WwW -4.3e-02, 4.3e-02 461fb’ 7 TeV
K2 — WW -2.5e-02, 2.0e-02 203fb! 8TeV
—e—| WW -6.0e-02, 4.6e-02 194" 8 TeV
I i WZ -1.3e-01, 2.4e-01 33.6fb” 8,13 TeV
| | WZ [-2.1e-01, 2.5e-01] 196 fb" 8TeV
: | Y -9.0e-02, 1.0e-01 461" 7 TeV
— WV -4.3e-02, 3.3e-02 5.0 fb 7 TeV
—t WV -2.3e-02, 3.2e-02 19 fb™ 8 TeV
I wv [-4.0e-02, 4.1e-02] 23fb" 13 TeV
—e— LEP Comb. [-7.4e-02, 5.1e-02] 0.7 fb”’ 0.20 TeV
?k - WWwW -6.2e-02, 5.9e-02] 46 fb’ 7 TeV
7 — WwWw -1.9e-02, 1.9e-02] 20.3 fb™ 8 TeV
— WW -4.8e-02, 4.8e-02 49 b’ 7 TeV
e Ww -2.4e-02, 2.4e-02 19.4fb" 8TeV
—_ WZ [-4.6e-02, 4.7e-02] 46 b’ 7 TeV
H Wz -1.4e-02, 1.3e-02 336fh' 8,13 TeV
" WZ -1.8e-02, 1.6e-02 196fb7 8 TeV
 — WV -3.9e-02, 4.0e-02 461! 7 TeV
— WV [-3.8e-02, 3.0e-02] 5.0 fb” 7 TeV
[ WV [-1.1e-02, 1.1e-02] 19 fb! 8 TeV
— WV -3.9e-02, 3.9e-02 231" 13 TeV
f—oc—] DO Comb. -3.6e-02, 4.4e-02 861! 1.96 TeV
. —e— LEP Comb. -5.9e-02, 1.7e-02 0.7 b’ 0.20 TeV
A Z — WW -3.9e-02, 5.2e-02 461"’ 7 TeV
g1 — WWwW [-1.6e-02, 2.7e-02] 20.3 fb™ 8 TeV
I | WW -9.5e-02, 9.5e-02 49fb’ 7 TeV
—a— WW -4.7e-02, 2.2e-02 19.4 fb™ 8 TeV
p——-— WZ -5.7e-02, 9.3e-02 46" 7 TeV
— Wz [-1.5e-02, 3.0e-02] 336fb" 8,13 TeV
— WZ -1.8e-02, 3.5e-02 19.6 fb™’ 8 TeV
P wWv -5.5e-02, 7.1e-02 4.6fb’ 7 TeV
— WV -8.7e-03, 2.4e-02 19 fb™ 8 TeV
—_ WV -6.7e-02, 6.6e-02 231"’ 13 TeV
F—e— D0 Comb. -3.4e-02, 8.4e-02 8.6 fb'l 1.96 TeV
. . . e . . (LEP Comb.  [-§.4e-02, 2.1e-02] | 0.7 b 020 Tey
0 0.5 1

aTGC Limits @95% C.L.
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May 2017 KMAs I:| Channel Limits [Lat s

fuo IA* - WVy [-7.7e+01, 8.1e+01] 193! 8TeV
- Zy [-7.1e+01, 7.5e+01] 19.7 b 8TeV
(- Wy [-7.7e+01, 7.4e+01] 19.7fb"' 8TeV
H ss WW [-3.3e+01, 3.2e+01] 194 fo" 8TeV

| ss WW [-6.0e+00, 5.9e+00] 35.9 fp! 13 TeV
H YY—>WW [-2.8e+01, 2.8e+01] 202f!' 8TeV

| YY—>WW [-4.2e+00, 4.2e+00] 247! 7,8TeV
fugq /A* — WVy [-1.3e+02, 1.2e+02] 19.3 tb! 8 TeV
— Zy [-1.9e+02, 1.8e+02] 19.7 b 8 TeV
— Wy [-1.2e+02, 1.3e+02] 19.7' 8TeV
HH ss WW [-4.4e+01, 4.7e+01] 194 b 8 TeV

] ss WW [-8.7e+00, 9.1e+00] 35.9 fp! 13 TeV
— YY—=>WW [-1.1e+02, 1.0e+02] 2021f! 8TeV

H YY—>WW [-1.6e+01, 1.6e+01] 247 f' 7,8TeV
fua /A [ { Zyy [-5.1e+02, 5.1e+02] 203f' 8TeV
t | Wyy [-7.0e+02, 6.8e+02] 194 ' 8TeV
— Wyy [-2.5e+02, 2.5e+02] 20.3fo'  8TeV
H Zy [-3.2e+01, 3.1e+01] 19.7fb"' 8TeV
H Wy [-2.6e+01, 2.6e+01] 19.7 b 8TeV
N ! ! Zyy [-8.5e+02, 9.2e+02] 20.3 fp! 8 TeV
[ | Wryy [-1.2e+03, 1.2e+03] 194" 8TeV
| i Wryy [-4.4e+02, 4.7e+02] 203"  8TeV
H Zy [-5.8e+01, 5.9e+01] 19.7fb!' 8TeV
H Wy [-4.3e+01, 4.4e+01] 19.7 "' 8TeV
N ] Wy -4.0e+01, 4.0e+01] 19.7 tb! 8 TeV
fys /A [l Wy -6.5e+01, 6.5e+01] 19.7 tb! 8 TeV
fue /A" — Wy [-1.3e+02, 1.3e+02] 19.7 fb! 8 TeV
H ss WW [-6.5e+01, 6.3e+01] 194" 8TeV

] ss WW [-1.2e+01, 1.2e+01] 35.9 fp! 13 TeV
fuz [A* —— Wy [-1.6e+02, 1.6e+02] 19.7fb' 8TeV
4 ss WW [-7.0e+01, 6.6e+01] 19.4fo"' 8TeV

| ss WW [-1.3e+01, 1.3e+01] 35.9 fo! 13 TeV

I | | 1 1 | | | 1 1 1 | |
—-2000 0 2000 4000

aQGC Limits @95% C.L. [TeV™]
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Big summary table @

EXPERIMENT [/&

March 2017

CMS measurements
vs. NNLO (nLO) theory

CMS Preliminary

7 TeV CMS measurement (stat,stat+sys) +—+—o——
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.) : o = 1.16 £ 0.03+0.13 5.0 fb
ZY, (NLO th) C o 0.98 £0.01+0.05 5.0fb"
ZY, (NLO th.) —o— 0.98 +0.01+0.05 19.5fb™
WW+WZ o o 1.01+0.13+0.14 4.9 fb"
WW o 1.07 +0.04 +0.09 4.9 fb’
WW o 1.00 £ 0.02 + 0.08 19.4 fb™
WW R 0.96 £ 0.05 +0.08 2.3 b
WZ o 1.05+0.07 £ 0.06 4.9 fb™
WZ ———— 1.02 £ 0.04 £ 0.07 19.6 fb™
WZ ——e—— 0.80 +0.06 +0.07 2.3fb"
77 - o 0.97 +0.13+0.07 4.9 b
77 -~ 0.97 +0.06 +0.08 19.6 fb™
77 e 1.10 £0.04 £ 0.05 35.9 fb™
All esuts at: ! P ' G io: :
httpcorm oh a7 roduction Cross Section Ratio: Gexp/ Ciheo
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Big summary table (cont)

Mayeotz | CIIMS Fl’rellimilnallfy
CMS EWK measurements vs. 7 TeV CMS measurement (stat,stat+sys)  +—+o——
Theory 8 TeV CMS measurement (stat,stat+sys) ————y
13 TeV CMS measurement (stat,stat+sys) +—+—e—+—
qqW — - — 0.84 £0.08 £0.18 19.3 fb
qqZ ot 0.93+0.14+032 5.0fb"
qqZ e 0.84 £0.07 £0.19 19.7 fb’
qqZ —e— 1.02+0.03£0.10 35.9fb™
TY—WW | : . 1.74+£0.00£0.74 19.7 fb"
qqWy —— — 1.77 £0.67 £0.56 19.7 fb’
ss WW #——e—— 0.69£0.38+0.18 19.4fb"
ss WW e 0.90 £0.16 £0.08 35.9fb"
qqZy — . — 1.48 £0.65+048 19.7 fb
qqZZ — . — 1.38+0.64 +0.38 35.9fb™
Al esuls at; : Proéuction Cross3 Section Rati%: Geop/ O X
http://cern.ch/go/pNj7 exp © “theo
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Di-Higgs searches

23-129f" {13 TeV)
T I | I
bblvlv (CMS-PAS-HIG-16-011, 2.3 fb'1}

-
=
-4

T T | T T T T T T | T T T | T
CMS
Unpublished
Assumes SM Higgs BR

h

bbtt (CMS-PAS-HIG-16-029, 12.9 fb)

—
=

bbbb (CMS-PAS-HIG-16-002, 2.3 tb™)

-
=]

bbyy (CMS-PAS-HIG-16-032, 2.7 b

— Observed
---- Expected

—
=
I IIIIIII|
I IIIIIII|

—
=
L

95% CL limit on o(pp—X*"°—HH) (fb)

https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryResultsHIG
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Di-Higgs searches: WWyy

@ WW
HIT - WW yy ATLAS-CONF-2016-071
2 WW — lvjj
@ Events in signal region Process Number of events
@ ( lepton control region — sideband for signal Continuum background — 7.26 +1.23
region (>= 1 lepton) SM single-Higgs 0.616 +0.115
SM di-Higgs 0.0187 +£0.00224
Observed 15
> R R T e 3
8 14__ ATLAS Preliminary --f-. gi:]atinuum bkg _— ';Ié- 1 0 % T T T T I T T T T | T T T T | T T T T | T T T T é
SO aoV 1S 3l SMiibgot = = - ATLAS Preliminary —*- Observed y
e g e e ey o i
S ST B | i e L | + 16 expected
= B N(lepton)>1 N X
— - o + 20 expected
B & o> 10° —
— — 2 E .
B aiE T E :
— j g 1 - \\ -
— (@) - _
_ 2 g
% ‘ J__ b ! ]
= t T L U IiT"I'l'_
LE 5 _|+ I I ! I + + | I | I I 1 I I | 1 1 I I_ 1 O - —
; . ? # + 4 te, Lok} - ]
% O ¢ * * , + + ‘_H T s = e T 1 1 1 1 | 1 1 | 1 | 1 1 1 1 | 1 1 1 1 | | 1 1 1 | T
D -5_| I | | | | I | | | | | | | | | | | | | | | | | 1 I_ 250 300 350 400 450 500
110 120 130 140 150
m,, [GeV] m, [GeV]
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H- Z7

017-032
016-079

@ Different production mechanisms CMS-HIG-16-041 ~ ATLAS-CONF-
CMS-HIG-17-011  ATLAS-CONF-

N N

3‘ 2_2_I | | | | = I | T T T | | T IR | T 11 | 1T 171 | L I_
o B 7
— 2/ ATLAS Preliminary +-Bestfit
X - * — 68% CL i
N1.8_H+ZZ — 4l ’ E
N C 13 TeV, 14.8 b ~-+95% CL :
T 16__ * SM -
TL . e :
g 1 .4E e :
X 12:_ ] ”u‘. _:
T B ]
e | =
b@ 0.81- | s
0.6 H =
0.4 S
0.2F i o
O:| RN AR B .|~.|"|~.1 L1 T |-l»"|' L |:

O 05 1 15 2 25 § 3.5
O ggh+bor<BR(H = £Z27) [pb]
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H - up @)

L

EXPERIMENT [/&

— e T SR BEELE s Fn b BRI S ER
g 0F ATLASPreiminay  $Data  —ooF @ Very rare final state: BR Houu =2.18 x 10*
2 10E (s-13Tev,361t'  [DDrel-Yan —VBF
10° OTop —VH o« ey . .
. B Diboson @ Observed (expected) upper limit is 2.8 (2.9) times the
104 . .
e Standard Model prediction
102
10 e~ st b gt TR RILE 5 8 3 i 1 e e T e
1 3 3500— ATLAS Prellmmary —
10" = ~ Non-central high p- \s=13TeV, 36.1 fo' J
-2 0 — T gl
R , ! | 2 3000} y2/ndof = 39.4/48 5
e E = - R
§ 1213_ —o—= —— ,d ¥ L_z = 2500 - Data _:
8.2;: —— E E Background model 7
02 0 0.2 0.4 0.6 0.8 3 2000:_ — Signal [125] x 20 B
BDT score : =
1500 =
> 10 B Il et i e T et s ettt el st g e E E
S ATLAS Preliminary + Data —ggF 1000 —
2 4o’k 1s=13TeV,36.1 fb" Oorel-van  —VBF - -
OF s B Top st L 500F =
- L [JDiboson - =
10° PP o i e B Wt i AP A | A e v e el s e
10° ; S i =
10° 4E + + =
2 2 =
10 i bt e, 4% :
: B
1 =EE =
4 -4 =
10 i SR el R
ofy s s 110 115 120 125 130 135 140 145 150 155 160
= : E
§ 1215— — e — m,, [GeV]
0.8;— :;
0?1% 115 120 125 130 135 140 145 150 n:és[Ge:/:]so ATLAS_CON F-2017-014
8th June 2017 A. Massironi (Northeastern University) 52



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52

