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Is Nature Standard like the Model?
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April2ot7 CMS Preliminary
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Is Nature Standard like the Model?
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News from CMS and ATLAS

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

@ How we usually proceed:
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Steps towards measurements

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

@ How we usually proceed:

@ Inclusive cross section D ATA — g X f Luminosity
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... One step more

@ Many new results at 7/8/13 TeV from ATLAS and CMS SHLSSERRTE e e e
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@ Many new results at 7/8/13 TeV from ATLAS and CMS S
@ How we usually proceed: % 140
@ Inclusive cross section @ 122
@ Fiducial and differential cross section 80
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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
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Interplay between analyses

@ Precise knowledge of Standard Model processes essential for modeling of backgrounds for new physics:
@ W,Z, WW, ... — background for Higgs searches
@ W, Z, ..., Higgs, ... — background for new physics

@ Improvements in the ingredients for new physics

@ e¢.g. PDF knowledge from collider data — positive feedback from jets,vector boson(s), ...
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News from CMS and ATLAS
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LHC, CMS, ATLAS in one slide

@ Since 2015 we are taking data at 13 TeV of center of mass energy

@ Higher instantaneous luminosity — higher pileup — challenging environment
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Single Vector Boson production: Z

@7 — uuand Z — ee

. 4 )
@ Standard model candle: used for tag & probe, precision measurement,
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Single Vector Boson production: W

@W — uvand W — ev q ~— 00000 2 Prospects for a precise measurement
@ Missing transverse momentum from neutrino O,f o 0 e
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Single Vector Boson production vs Vs

o i e e i @ Test of cross section at different center of mass
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Vector Bosons production
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@ (Cl 1gnatu 2.4 lept
ear signature — €.g. 4 leptons - q_’—l/\/\/\NZ

@ High signal / background ratio
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@ Clear signature — e.g. 3 leptons q >
@ High signal / background ratio
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@ Both fully leptonic (2 neutrinos) and semi-leptonic decays considered

@ Good description of backgrounds essential for measurement

@ Usually O-jet category to suppress tt contamination

@ O oy~ 12pb @ 13 TeV
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e A% 7% %777
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March 2017

Big summary table

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 - 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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Anomalous gauge couplings

March 2017 . cMs —
Central ~ ATLAS
§ 0o —e—| - March 2017 cus —
FitValue  °7 —e—i| Channel Limits [ Lat s TS NS |_||_| Channel Limits [Ldt s
A I | Wy [-4.1e-01, 4.6e-01] 461" 7 TeV fY I i ZZ (4.,212v)  [-1.5e-02, 1.5e-02] 461" 7TeV
Ky . . p ToV 4 — 77 (41212y)  [-3.8¢-03, 3.8e-03] 203" 8TeV
| ' Wy [3.8e-01, 2.9¢-01] 50t 7Te (R 2z (4) [-5.0e-03, 5.0e-03] 196" 8TeV
m— Ww [-1.2e-01, 1.7¢-01] 203" 8TeV  — 77 (212v) [-3.6e-03, 3.2¢-03] 247" 78TeV
: -3.0e- Be- T 7.8TeV
21 9'01, 2.0e-01 491 1 7 TeV — ZZ (4|,2|2V) [ 3.0e-03, 2.6e 03] 247 fb i
W [ ] ofo ‘ — ZZ (4)) [-1.3¢-03, 1.3¢-03] 35917 13TeV
—o— Ww [-1.3e-01, 9.5¢-02] 194" 8TeV } i 7Z (41212v)  [-1.08-02, 1.06-02] 96t 7TeV
_ Wy [-2.1e-01, 2.2e-01] 461" TTeV f = = Zz (4,212v)  [1.3e-02, 1.3e-02] 46f"  7TeV
4 — 77 (41,212y)  [-3.3e-03, 3.26-03] 203" 8TeV
- | - -1 !
wv [-1e-01, 1.46-01] 501" 7TeV —f zz(4) [-4.06-03, 4.06-03] 196f"  8TeV
— wy [-4.4e-02, 6.3e-02] 19f"  8Tev — ZZ(22y)  [-2.7e-03,3.2e-03] 24717 78TeV
Py DO Comb. [_1 6e-01, 259_01] 8.6 fbl 1.96 TeV — zz (4',2|2V) ['2.19'03, 259'03] 247 b 78TeV
T, — 2Z (4)) [-1.2-03, 1.1e-03] 3591 13TeV
—— LEP Comb.  [-9.9e-02, 6.6e-02] 07f"  0.20TeV _— 77 (4122  [8.7e-03,9.1e-03] o6ty 7TeV
A‘Y — Wy [-6.5e-02, 6.1e-02] 46" TTeV fl [ | ZZ(4l212v) [1.6e-02, 1.5e02] 4617 7TeV
. 5 p— 77 (41,212v)  [-3.8-03, 3.8e-03] 203f" 8TeV
o . | 1 y
. Wy [-5.06-02, 3.7¢-02] 501" 7TeV — 7z (4) [-5.06-03, 5.06-03] 196f" 8TeV
H Ww [-1.9e-02, 1.9e-02] 203fo" 8TeV — ZZ(212v) [-3.3e-03, 3.6e-03] 247" 78TeV
— WW [4.86-02, 4.8¢-02) 49’ 7TeV — ZZ(41,212)  [-2.6e-03, 2.7¢-03] 271" 78TeV
4 [l ZZ (4l) [-1.2e-03, 1.3e-03] 3591 13TeV
o ww [-2.4e-02, 2.4e-02) 1947 8TeV [ | 77 (41212)  [1.1e02, 1.1e-02] 96’ 7TeV
— wv [-3.9¢-02, 4.0e-02] 461" 7TeV fZ : | ZZ(4,212v)  [-1.3e-02, 1.3-02] 461" 7TeV
) 5 — ZZ (41,212v)  [-3.3¢-03, 3.30-03] 203fb"  8TeV
- . - 1 y
'_' wv [-3.8e-02, 3.0e-02] sof  7TeV —f 2z (4) [-4.06-03, 4.0e-03] 1961 8TeV
H wv [-1.1e-02, 1.1e-02] 19 o 8TeV — ZZ (212v) [-2.9¢-03, 3.0e-03] 471"  78TeV
o DO Comb.  [-3.6e-02, 4.4e-02] g6’ 1.96TeV — Z7(4122v)  [-2.2e-03, 2.3¢-08] 247f"  78TeV
; — 77 (4)) [-1.0e-03, 1.2¢-03] 359f"  13TeV
e LEP Comb.  [-5.9¢-02, 1.7e-02] 0.7 b 0.20 TeV e IZZ @212) [9.1e-03, 8%&9—03] 961" 7 TeV
| ‘ | 1 1 1 | 1 | | 1 | 1 1 1 l l | l l ‘ | | | | ‘ | 1 | | 1 1 1 | l l | | | ‘ |
-0.5 0 0.5 1 1.5 -0.02 0 0.02 0.04 0.06
aTGC Limits @95% C.L. aTGC Limits @95% C.L.
Ll et b
Anomalous WWyy Quartic Coupling limits @95% C.L. Channel Limits L \s
WWy  [-15000,15000] 0.43tb™ 0.20 TeV
yy—> WW [-430,430] 9.70fb” 1.96 TeV
@ Charged Anomalous Triple Gauge Couplings gt —— we | Er aee o
B g vy — WW [-4,4] 5.05fb" 7.0 Tev
@ Neutral Anomalous Triple Gauge Couplings ATy
¥y — WW [- 1500, 1500] 9.70tb™  1.96 TeV
@ Anomalous Quartic Gauge Couplings PR ] A ww, s eson a0
c FE e (Ve = ¥y—> WW [-15,15] 5.05b" 7.0 Tev
f10/A* TeV* o wwy [-25,24] 19.30fb" 8.0 TeV

-10°-10*10%102-10 -1 1 10 102 10° 10* 10°
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Standard Model Total Production Cross Section Measurements
mmmﬁmmmmmmmmmw—

tt—chan

Ww

Wt

Wz

YA

ts—chan
ttwW
ttZ

Big summary table (cont)

o =96.07 £ 0.18 + 0.91 mb (data)
COMPETE HPR1R2 (theory)
0 =09535+0.38+1.3mb sdaxa)
COMPETE HPR1R2 (theory)
o =190.1+0.2 + 6.4 nb (data)
DYNNLO + CT14NNLO (theory)
o =98.71 + 0.028 + 2.191 nb (data)
DYNNLO + CT14NNLO (theory)
o =58.43+0.03 +1.66 nb (data)
DYNNLO+CT14 NNLO (theory)
o = 34.24 + 0.03 £ 0.92 nb (data)
DYNNLO+CT14 NNLO (theory)
o =29.53+0.03+0.77 nb (data)
DYNNLO+CT14 NNLO (theory)
o = 818 + 8 + 35 pb (data)
top++ NNLO+NLL (theory)
oc=2429+17+8.6 b’\sdala)
top++ NNLO+NNLL (theory)
oc=1829+31+6.4 b’\sdala)
top++ NNLO+NNLL (theory)
oc=247+6+ 46’\Pb (data)
NLO+NLL (theory)
o =289.6+1.7+7.2-6.4 pb (data)
NLO+NLL (theory)
o =68 +2+ 8 pb (data)
NLO+NLL (theory)
o =142+ 5+ 13 pb (data)
NNLO Hheory)
o =68.2+1.2+4.6 pb (data)
NNLO (theory
o =519 +2+4.4pb (data)
NNLO (theory)
o =1615+10.5-10+ 4.3 -3.2 pb (data)
LHC-HXSWG YR4 (theory)
o =27.7+3+23—19pb (data)
LHC-HXSWG YR

(theory)
0c=221+6.7-5343.3-2.7 pb (data)
LHC-HXSWG YR4 (theory,

o =94 +10 + 28 — 23 pb (data)
NLO+NNLL (theory)
o =23+13+3.4-3.7 pb (data)
NLO+NLL (theory)
o =16.8 +2.9 + 3.9 pb (data)
NLO+NLL (theory)
o =50.6 +2.6 + 2.5 pb (data)
MATRIX (NNLO) (theory)
o =24.3+0.6+0.9 pb (data)
MATRIX (NNLO) (theory)
oc=19+1.4-1.3+1 pb (data)
MATRIX (NNLO) (theory)
0=16.7+22-2+1.3-1pb (data)
NNLO (theory)
o =7.3+0.4+0.4-0.3pb (data)
NNLO (theory)
o =6.7+0.7 + 0.5 - 0.4 pb (data)
NNLO (theory)
oc=48+0.8+1.6-1.3pb (data)
NLO+NNL (theory)
o =15+0.72 + 0.33 pb (data)
Madgraph5 + aMCNLO (theory)
o =369 + 86 — 79 + 44 fb (data)
MCEM (theory)
o =0.92 +0.29 + 0.1 pb (data)
Madgraph5 + aMCNLO (theory)
o = 176 + 52 — 48 + 24 fb (data) n
HELAC-NLO (theory)

J0=2 10" 107 10105

1

A
(o]
(m]
o
(m]
A
o
]
A
o
a
A
(e}
a
A Theory
o
A LHC pp Vs=7 TeV
g mm
> stat & syst
A £ LHC pp Vs =8 TeV
Data
¢ m
stat @ syst
A
o LHC pp Vs =13 TeV
Data
! N .
stat & syst

A
o
n ATLAS Preliminary

Run1,2 +5=7,8,13 TeV

Status:

10!

o [pb]

9] G 10 = 00 =g LT Brs [l D nedly

data/theory

March 2017

[Ldt

[b~"]

50x1078
8x1078
0.081
4.6
3.2
20.2
4.6
3.2
20.2
4.6
3.2
20.3
4.6
3.2
20.3
4.6
13.3
20.3
4.5
3.2
20.3
2.0
3.2
20.3
4.6
3.2
20.3
4.6
20.3
3.2
20.3
3.2
20.3

Reference

PLB 761 (2016) 158

Nucl. Phys. B, 486-548 (2014)
PLB 759 (2016) 601
arXiv:1612.03016 [hep-ex]
JHEP 02 (2017) 117
JHEP 02 (2017) 117
JHEP 02 (2017) 117

PLB 761 (2016) 136
EPJC 74: 3109 (2014)
EPJC 74: 3109 (2014)
arXiv:1609.03920 [hep-ex]
arXiv:1702.02859 [hep-ex]
PRD 90, 112006 (2014)
arXiv: 1702.04519 [hep-ex]
PLB 763, 114 (2016)

PRD 87, 112001 (2013)
ATLAS-CONF-2016-081
EPJC 76, 6 (2016)

EPJC 76, 6 (2016)
arXiv:1612.07231 [hep-ex]
JHEP 01, 064 (2016)

PLB 716, 142-159 (2012)
PLB 762 (2016) 1

PRD 93, 092004 (2016)
EPJC 72,2173 (2012)
PRL 116, 101801 (2016)
JHEP 01, 099 (2017)
JHEP 03, 128 (2013)

PLB 756, 228-246 (2016)
EPJC 77 (2017) 40

JHEP 11, 172 (2015)
EPJC 77 (2017) 40

JHEP 11,172 (2015)
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@ Heaviest quark ~ 172 GeV

@ Rather “young” particle: 22 years old since discovery

Three Generations
of Matter (Fermions)

mass—3

2.4 Mev

1.27 Gy

171.2 GeV

. . . . . — charge 3% % 4 0
@ Studied in different collider environments (pp, pp) ainiz | [ C | % t 1 Y
. . name—  uUp l_:hiri-n 'tnp_ phatan
and at different center of mass energies : : t
4.8 MeV 104 Mev 4.2 GeW '
. . . . . . A -¥ 3 0
@ Precision measurement and hints for new physics from discrepancies = |y, d e | b " g
L. . t;:r down strange bottom | gluon
between predictions and observations : :
;2.2 ' ;I.l'l My ;15.5 MeW ::1.2 Gy U
:'.i"rave o VIJ- e VT -.1
electran muan tau, sak
neutrino neutrino neutring arce
0.511 My 105.7 Mey 1.777 Gev B20.4 GeV
c & i) 11 2l
E 5 ¥ i T 1
E_' electron | muan tau n!r:E

Bosons (Forces)

Top quark mass measurement
with soft muons from b-hadron decay
Maurizio De Santis

Fisica del top a LHC:
misura di sezioni d’urto di produzione e proprieta’
Serena Palazzo
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@ Fully leptonic, semi-leptonic and all-hadronic decays considered g 700000 y———rt

@0, .~ 37pb @13 TeV |
@ Many measurements: cross section, inclusive, differential and
fiducial, top mass, polarization, asymmetries, width, rare decays, ... 8. 00000 »—>—t
TOP-16-007 TOPQ-2016-04
CMS Preliminary 2.2 (13 TeV) > ———
= ) | Data 2015 _
2 Dilepton POWHEG v2+PYTHIAS o 10° g ATLAS _1 éﬁa ¢ =
R e e MG5_aMC@NLO+PYTHIASMLM] © - Vs=13TeV,321b I Single top 7
2 = - MG5_aMC@NLO+PYTHIAS[FXFX] ~ 40tk B Fake lepton |
£ EilITE T POWHEG v2+HERWIG++ 2 E Diboson 3
C - o
o B il : o - I Drell-Yan (t1) S
o ——e—— Data with stat+sys uncertainty S B Stat
107 B gy Statistical uncertaint w 103 = - =
= y = Stat. @ syst. E
% B - a
Sl 10° - E
o= 107 = =
(o]t el = E
- B 10 &
it 1
_I e | I | e I | IS 146 I | B (B8 I IS0 TR [ | | B 5 | B B 1488 S 6 {1 T |16 [ B
1.3 é stat+sys uncertainty _9
> 1 a
O |+= 1 -
QIS g9 X
ﬁL 0.8 3
0.7 DL. ‘ . ' . =
0 0 50 100 150 ?00 250
p?r [GeV] b-tagged jet p__[GeV]
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Recent result: tt

@ Special topic: \s = 5.02 TeV
@ Just 27 pb! of data
@ Fully leptonic and semileptonic measurement

@ Good for PDF fitting because it offers different sensitivity than higher energy measurements

27.4 pb (5.02 TeV)

= 22F TOP-16-023
8 “F cms l+>2 jets ¢ Data
o 20 = Pre/lmlnary - tt 3‘ Y¢ Tevatron combined 1.96 TeV (L < 8.8 fb'1)
Al B L [ = oMSen7Tev(L=5 ) CMS '
g 18 I W E ol b oEmTEEL, Prefiminary
S - I Wjets = s el
SRR 6] o - 8 T 4 CMSKj13TeV(L=221fb"
L - QC D Mu Itl] et & | @ CMS ep+uu+l+j5.02 TeV (L = 27.4 pb™)
14 = ® * 2 E | Effect of 0.1% LHC beam
E Bl 2y 3 -
121 WV o102 ?
e W\ statelumi o .
g |
[ E) = mm— NNLO+NNLL (pp) o .?T”. . E.IABN.”?
6 e = E=—— NNLO+NNLL (pp) 5 Vs[Tev]
- 1 O (EEE Czakon, Fiedler, Mitov, PRL 110 (2013) 252004
B = NNPDF3.0,m, _ = 172.5 GeV, a,(M,) = 0.118 £ 0.001 [0 (M,)=0.113]
4 __ [ Il | 1 1 1 | 1 1 1 | 1 1 1 | | 1 1 | 1 1 1
B 2 4 6 8 10 12 14
25 s [TeV]
L R [ )
6 50 100 150 200 250 0 350 400

Mass(j,j') [GeV]
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Many more

@ Single top, tW, differential, top mass measurement, top — antitop mass difference, tt + y, tt +V, ...

2 F I I
q b § 20— ATLAS e Data2015 [tz
. P Gf -1eTev.s2m’ Wiw Wwz
[ 3L-Z 2z ¥ other
16 Fake leptons 7/ Uncertaint
b-jet energy peak L. 17229+ 117+ 2.66 GeV F
TOP-15-002 (2015) 14
.

Lepton+SecVix §Q. 17968 + 0.20 +1:58 GeV
PRD 93 (2016) 092006 o -0.97 9¢

Dilepton kinematics ' +2.68
TOR 15,002 2016) .—_%—. 171.70 £ 1.10 3,00 GeV

Single top enriched
TOP-15-001 (2016)

M,/MAOS observables % 172.22 + 0.16 *088 | o Gev

L 17260 + 0.77 *097 | oo GeV

Lo bl boaale o lena oy Fuaaluuls

TOP-15-008 (2016)

Lepton+J/¥ 173.50 + 3.00 + 0.90 GeV
TOP-15-014 (2016) $

Kinematic endpoints
EPJC 73 (2013) 2494

1 2 >3
Number of b-tagged jets

173.90 + 0.90 *70 ./ GeV

f

CMS Preliminary 2.2fb" (13 TeV)

b hadron lifetime 173.50 + 1.50 + 2.91 GeV % 900 e e e AR . 24[}[}_4 T LIS B B N R LI I B L
y —L t150:2. ATLAS ¢ Data 2015 E it correct Single t

TOP-12-030 (2013) (c?: SRR - Wt 22[)[}5- = ft wrong = w_igets ]

Dilepton M j 7230+ 022412 _gev| T ie s . 2000F [Jtiunmatched [ Z+jets E

TOP-14-014 (3014) ’ 'QE = -129 P 1j1b (Z)‘t”fetrss 1800 « Data . [ OCD multijet
= 1600F Z 3

BEST backgrounds Ll 2 E 3

Tom 5011 Gote) % 172,61+ 057 + 0.90 GeV i 1400F

_______________________________ N 1200F

CMS alternative comb. N 172,58 + 0.21+ 0.72 GeV 1000F

TOP-15-012 (2016) 800F

Data/MC Permutations /5 GeV

CMS Run | % 172.44 + 0.13 + 0.47 GeV 600
PRD 93 (2016) 072004 400
CMS : i . ; {0 SRR B sA R R RRRER 200
Tc??lgg?zl[;u‘:\ét] techniques .* 172.43 + 0.13 = 0.46 GeV g 142:; 5 //V///:/'I'otaljsyst. oy W/? g
T BT NI BRI § 83: /’IV/’/W I//V//'AV/I////'/' %/W/If//__ b= :
160 170 180 190 Il T MOl T 05 L
m, [GeV] 100 200 300 400

Ap_ (1], ETSS) [GeV] m{it [GeV]
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Cross over: top & Higgs

@ Top — Higgs
@ Top Yukawa coupling ggH 48.58 pb

@ x 4 in cross section at 13 TeV w.r.t. 8 TeV

@ New physics ... answer the original question

q B
Wz
qqH 3.78 pb i
wz
19.7 o' (8 TeV) + 5.1 fb” (7TeV) ] .
Q :II| | T IIIIIII T T IIIIII| | T IIIIIII .
’c%: 1 B CMS t : ] p
~ = =
] - WZ -
= L |==68% CL ] W
(<n— 10'12— -—=095% CL _g q -
[ |---SM Higgs b -
102F p .
: ttH+bbH 1.0 pb
- :_“ M,e)fit | _
- =68%CL |
—95%CL | -
4 T T T ggH m. =125 GeV
10775 1 1 10 100 H
Particle mass (GeV) i 13 TeV

VBF
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@ ttH searches

Cross over: top & Higgs

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

@ Signal strength in multileptons: CMS = 1.5+ 0.5

@ ~ 30 (1.70) significance observed (expected)

i

=
@ 120

b L
100
80

60

40
20
i N
il -
5_ 1.6
= 14
4y}
o
S 10
D .
0.8
0.6

HIG-17-004

CMS Preliminary 35.9fb™ (13 TeV)
I | | I ; | |

|
FF, post-fit (SM prediction)
<+ Data @WZ gNon-prompt

mttH [Rares [[JCharge mis-m.
mtw

Mtz

MWW ggTotal unc.

]1Conv.

— 1 % A
= Q ;\‘: | i 1 |

| | TR ad s \\ :
- @ stat. unc.  [total unc.

lIIIlIlIlIII

—
N
w

5 6 7 8
BDT (ttH,tt/ttV) bin

2501},3(1

241 Thad

37

4¢

Combination

ATLAS=25+13

ATLAS-CONF-2016-058

L L L L
ATLAS Preliminary Vs=13 TeV, 13.21b"
—tot. — stat. tot (stat,syst)
Fe— 4.0 73 (1%, 1)
b—e—m 6.2 3% (135, 123
e 0.5 517 (Y15, 15

<« < 2.2 (68% CL)

fFe 2557 (%7, %)

0 5 10 15 20 25

best fit Re, for m =125 GeV

Search for the associated production

of the Higgs boson with a top quark pair
at the ATLAS experiment
Silvia Biondi
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@ Higgs world

Many production mechanisms, many decays

JHEP 08 (2016) 045

@ Many production mechanisms and many ATLAS and CMS - ATLAS+CMS
decays modes LHC Run - ATLAS
) . ) -+~ CMS
@ Different signal/background ratios — E — s
@ Legacy Run I results combination ].LW — — 120
_'+_
ATLAS+CMS - B g
bb —
WW —'.-—
].l, e
_+I_
“/TT —i*—
— —
ZZ VY 2y |
! —
=
IIIIIIIIIlIIII|IIIIIIIII|IIII|IIII|IIII|IIII|IIII
CC+ 1 05 0 05 1 15 2 25 3 35 4
ww 99 Parameter value
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http://link.springer.com/article/10.1007/JHEP08(2016)045

H - yy

@ Higgs — yy .
Study of the decays of the Higgs boson
0 : . . :
@ Low BR ~ 0.2% but clean signature to boson pairs at Run-II with the ATLAS experiment
@ Differential measurements Marco Sessa
CMS-PAS-HIG-17-015 ATLAS-CONF-2016-067
20000 CMS Preliminary 35.9 fb'! (13 TeV) N S
> __I‘ T T | T T 7T | T T T | T T T | T LI | T T T | LI T | T T 1__ g | ; 3 i
18000:—H_>W All categories = s 80[ATLAS Preliminary eSOl
& - S/(S+B iahted ] © - -¢- data, tot. unc. [] syst. unc. B NsLo+ xH
o 16000 (5+B) weighte —  H—yy, Vs=13TeV, 13.3fo" B N3LO+JVE + XH
H { Data . 1 % STWZ, BLPTW + XH
Q 14000:_ B 601 B I B GoSam+Sherpa + XH -
LW 12000 —— S4B fit - - B Powheg NNLOPS + XH 1
9 10000 E B NNLOJET + XH _
5, N e B component 405 | == XH=VBF + VH + ttH |
© 2000 E [ anti k, R = 0.4, p_> 30 GeV]
< 6000 = 1
—_ : - [ o Hn |
@ 40001~ = ook . K ]
L 2000 - - ) |
w 0:| coa v by v b b b v b Ly g it ] b el O P N £ - - R ' 1
600 B component subtracted ] z g : T : 1
400 — = %
- ] o
200 = ; o= g PRALL n8 go —I—ﬁ.lf
0 BHer—tr et T- - - o . % + {
~200 + — = 0f
100 110 120 130 140 150 160 170 180 G >0 = =T >3
mw (GeV) Njets
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H- 727

@ Hj —> . )
Higgs — 22 Study of the production modes of the Higgs boson
@ Low BR but clean signature — full and EFT interpretations in the H -> ZZ* -> 4] decay channel
. . . at 13 TeV center of mass energy with the ATLAS detector at LHC
kinematic of Higgs decay reconstructed Giada Mancini
@ Very high signal/background ratio
* . . [E— —ClMIIS T relin:’ir?alry T T T T 3|59| flb-\l|(1:3 lT-eIV)I LI |
@ Differential measurements, Higgs > : ’ ' ‘ '
Q 1 + Data (stat.®sys. unc.) -
. 0 E Systematic uncertainty ]
Couphngs, mass measurement, . Fe) E Y g (POWHEGJHUGen) + XH _
E 10_15— [F2777] XH=VBF+VH +ttH (;-'5 3
T 2
ATLAS-CONF-2016-079 g
o 8 e i
%35AllllllllllIIIIIIIII|I|ll|.llll:l)|tlIllllllllllll s p—— b:g 1073’4[_,—‘ —_——
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H - WW, H-bb, H-tt, H-uu

@ Higgs — WW, bb, tt, uu, rare decays ATLAS-CONF-2016-112
= 350f : e
@ Control of most of SM backgrounds 1s fundamental S ATLAS Preliminary ol
= = 1 +jets +jets =
. . o e S E L_ V\1/\:/3VTeV i f\t;BF \:] Top . Other VV =
@ Close interplay with SM precision measurements @ 250F ~ouke (VBR)  mww [ omertioss ]
= . HggF D H\/BF 7
200 20r =
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Properties

@ Higgs mass, Higgs couplings, ...

@ Higgs physics towards precision measurement

CMS Preliminary 35.9 o (13 TeV)
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... the end?

@ More data needed to reduce statistical and systematic uncertainty

@ Great positive feedback from Theory community in the last years on improved MC
generators (NLO 1s now the basis!), higher order calculations, reduced uncertainties, ...

@ Rarer and rarer processes are currently under study
@ e.g. di-higgs searches

@ More results based on 2016 data are coming
@ ... and more data in 2017!

Standard Model Production Cross Section Measurements Status: March 2017
. . . g T ATLAS  Preliminary .
Search for the Higgs boson pair production T Run12 v5=7,8 13 Tev e
at sqrt=13 TeV with the ATLAS detector o s
o o 10 T s s =8 Te!
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3
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o 10t njz4"1230 2w 1SS
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(for real)
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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

19th April 2017 A. Massironi (Northeastern University)

39



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

March 2017 CMS
arch 20 ATLAS oS Channel Limits [ Ldt is

f“f ZZ (41,212v)  [-1.5e-02, 1.5e-02] 4.6 b’ 7 TeV
4 P ZZ (41,212v)  [-3.8e-03, 3.8e-03] 203fh' 8TeV
i ZZ (41) [-5.0e-03, 5.0e-03] 196fh" 8TeV

(I ZZ (212v) [-3.6e-03, 3.2e-03] 247" 7.8TeV

— ZZ (41,212y)  [-3.0e-03, 2.6e-03] 24.7 fb™! 7,8 TeV

— ZZ (41) [-1.3e-03, 1.3e-03] 359" 13 TeV
: ZZ (41,212v)  [-1.0e-02, 1.0e-02] 9.6fb" 7 TeV
fZ ZZ (41,212v)  [-1.3e-02, 1.3e-02] 4.6fb" 7 TeV
4 — ZZ (41,212v)  [-3.3e-03, 3.2e-03] 203" 8TeV
— ZZ (41) [-4.0e-03, 4.0e-03] 196f"' 8TeV

— ZZ (212v) [-2.7e-03, 3.2e-03] 24.7 fb™ 7.8 TeV

—A ZZ (41,212v)  [-2.1e-03, 2.6e-03] 247fb" 7.8TeV

— ZZ (41) [-1.2e-03, 1.1e-03] 359fh' 13 TeV
[ ZZ (41,212v)  [-8.7e-03, 9.1e-03] 9.6 fb" 7 TeV
fT ZZ (41,212v)  [-1.6e-02, 1.5e-02] 461" 7 TeV
5 — ZZ (41,212v)  [-3.8e-03, 3.8e-03] 203fb" 8TeV
p— ZZ (41) [-5.0e-03, 5.0e-03] 196f"' 8TeV

b ZZ(212v) [-3.3e-03, 3.6e-03] 247" 7.8TeV

— ZZ(4l,212v)  [-2.6e-03, 2.7e-03] 247" 7.8TeV

— ZZ (4l) [-1.2e-03, 1.3e-03] 359f" 13TeV
ZZ (41,212v)  [-1.1e-02, 1.1e-02] 9.6 fb™ 7 TeV
{Z ZZ (41,212v)  [-1.3e-02, 1.3e-02] 4.6 fb" 7 TeV
5 — ZZ (41,212v)  [-3.3e-03, 3.3e-03] 203fb" 8TeV
[ — ZZ (41) [-4.0e-03, 4.0e-03] 196f' 8TeV

— ZZ (212v) [-2.9€-03, 3.0e-03] 247" 7.8TeV

— ZZ (41,212v)  [-2.2e-03, 2.3e-03] 247" 7.8TeV

[ ZZ (41) [-1.0e-03, 1.2e-03] 359fh" 13TeV
: Z (41,212v)  [-9.1e-03, 8.9e-03] 9.6 fb™ 7 TeV

| | | | | | | | IZ | | | ﬂ | | | | ]

-0.02 0 0.02 0.04 0.06

aTGC Limits @95% C.L.
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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
2 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
o 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™ |8 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

March 2017 e aMAs
ERVae Do) —¢— Channel Limits [ Lat s
A — WwW -4.3e-02, 4.3e-02 461’ 7 TeV
K2 — WW -2.5e-02, 2.0e-02 203fb! 8TeV
—e—| WW -6.0e-02, 4.6e-02 19.4fb" 8 TeV
I i WZ -1.3e-01, 2.4e-01 33.6fb” 8,13 TeV
: | 74 [-2.1e-01, 2.5e-01] 19.6fb" 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
— WV [-4.0e-02, 4.1e-02] 231" 13 TeV
—e— LEP Comb. [-7.4e-02, 5.1e-02] 0.7 fb”’ 0.20 TeV
7& - WwWw -6.2e-02, 5.9e-02 46 fb’ 7 TeV
7 — WwWw -1.9e-02, 1.9e-02 20.3 fb™ 8 TeV
—_ WwW -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] 46fb 7 TeV
— Wz -1.4e-02, 1.3e-02 336f' 813 TeV
— WZ -1.8e-02, 1.6e-02 196 fb™ 8 TeV
— WV -3.9e-02, 4.0e-02 461"’ 7 TeV
b Y [-3.8e-02, 3.0e-02] 5.0 b’ 7 TeV
= Y [-1.1e-02, 1.1e-02] 19 fb™ 8 TeV
— WV -3.9e-02, 3.9e-02 23 fb" 13 TeV
—e—| DO Comb. -3.6e-02, 4.4e-02 8.6 b’ 1.96 TeV
—e— LEP Comb. -5.9e-02, 1.7e-02 0.7 b’ 0.20 TeV
A Z — WWwW -3.9e-02, 5.2e-02 461"’ 7 TeV
g1 — WW [-1.6e-02, 2.7e-02] 20.3 fb™ 8 TeV
} | WW -9.5e-02, 9.5e-02 49 b’ 7 TeV
—a— WW -4.7e-02, 2.2e-02 19.4 fb™ 8 TeV
—q WZ -5.7e-02, 9.3e-02 46 b’ 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 WV -5.5e-02, 7.1e-02 4.6 b’ 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— DO Comb. -3.4e-02, 8.4e-02 8.6 fb'l 1.96 TeV
. . . e . . (LEP Comb.  [5.4e-02, 2.1e-02] | 0.7 fb 020 Tey
0 0.5 1

aTGC Limits @95% C.L.
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Anomalous quartic gauge couplings

April 2017 cMS — L
ATLAS — Channel Limits _[Ldt Vs
fro /A* b Wy [-3.4e+01, 3.4e+01] 194 fb" 8TeV
[mmmmmen e e ! Wyy [-1.6e+01, 1.6e+01] 20.3fb" 8TeV
: | Zyy [-1.6e+01, 1.9e+01] 203fb" 8TeV
froeremrmm i WVy [-2.5e+01, 2.4e+01] 19.3fb" 8TeV
— Zy [-3.8e+00, 3.4e+00] 19.7 fb 8 TeV
F——- Wy [-5.4e+00, 5.6e+00] 19.7 fb™ 8 TeV
b-—- ss WW [-4.2e+00, 4.6e+00] 19.4fo" 8TeV
fr, IA° — Zy [-4.4e+00, 4.4e+00] 197"  8TeV
—I Wy [-3.7e+00, 4.0e+00] 19.7fo"  8TeV
-9 ss WW [-2.1e+00, 2.4e+00] 19.4fb" 8TeV
fr, IA° A Zy [-9.9e+00, 9.0e+00] 19.7fo"  8TeV
b—— Wy [-1.1e+01, 1.2e+01] 19.7 b7 8TeV
po-m--- I ss WW [-5.9e+00, 7.1e+00] 194" 8TeV
fr5 IA*  ———— Zyy [-9.3e+00, 9.1e+00] 203fb' 8TeV
—l Wy [-3.8e+00, 3.8e+00] 19.7fb" 8TeV
frg /A — Wy [-2.8e+00, 3.0e+00] 19.7 fb™ 8 TeV
fr IA° — Wy [-7.3e+00, 7.7e+00] 19.7fb" 8TeV
frg /A H Zy [-1.8e+00, 1.8e+00] 19.7 fb™! 8 TeV
frg /A — Zyy [-7.4e+00, 7.4e+00] 203 fb 8 TeV
— Zy [-4.0e+00, 4.0e+00] 19.7 fb 8 TeV
| | | 1 | | | | | | | | | | | | | | |
-50 0 50 100

aQGC Limits @95% C.L. [TeV™¥]
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... one step more (mirror image)

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

@ Fiducial and differential cross section

ZZ#Z Dam

-1
= 19.6 fb™ (8 TeV) —@— MGS5 + PY6 (< 4j LO + PS)
2 108 CcMS ——f— SHERPA 2 (< 2jNLO 3,4j LO + PS)
W WW —4— MG5_aMC + PY8 (< 2j NLO + PS)
[2]
CMS 19.4 fo™ (8 TeV) ko .
12422 N T T T T T T T T <z 10 ——
. 25fb" (13 TeV) g g -e- Data Q
> —4— MG_aMC + PY8 (<2 NLO + PS) ke © . .
. : = -m- Madgraph © 10
O e —#§— MG +PY8(<4jLO +PS) » 1072 | e
3 =2 n e .
=h % A= Ny NNLO = r ~4 Powheg i 1
S + i 7 e ]
o cE * = B B
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B —.— 2 s 1o i
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T = = = © = .
% 25 - 15— =) % .1_ > P ODWYDV. W/ Va /p ////// //
Sl s i = g g = G
e et P > ewa g limee L e . E
%I 1: , § B e et bt 5 = 0.5 = Stat. unc.
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S = [ Syst. + Stat. unc. (gen) 0.5 |— Madgraph+Pythia normalized to oy, — s 15 ~ 8
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Looking for the unknown (mirror image)

@ Many new results at 7/8/13 TeV from ATLAS and CMS STDM-2012-07
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