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Higgs Production at LHC

=
=
T
E
01:
),
@
<
~

a :
—10%E
3 ¢ ,—
 S— B NLO E - —16
o [ noeeges at
*I- | pp / ] EI:
T 10 =
1\ - 0 EW) =
cp+NL
g | p - aH (WL i
£ __— Lo QO + N0 W)
\

6 7 8 9 101112131415
/s [TeV]

V8 TeV (Run 1) = V13 TeV (Run 2)

o(pp—H) increased by ~2.5
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BH—- ZZ"—4¢ and H — yy decays
m Small branching fraction
m Final states are fully reconstructable
B S/B better than 2

B | ook for a narrow peak on a smooth background
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® Combination of H— 4 and H — yy
from ATLAS+CMS results in Run 1

(Vs=7&8TeV, Lin=25fb")

m Higgs mass with ~0.2% uncertainty

JHEPOS (2016) 045

Run 1 Legacy (Higgs mass and couplings)

m Higgs boson production and decay
rates, constraints on its couplings to [7
vector bosons and fermions

coupling modifiers
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ATLAS and CMS

—e— Total Stat. 1 Syst.
LHC Run 1 Total Stat. Syst.
ATLAS H—yy H——+—— 126.02 = 0.51 (= 0.43 = 0.27) GeV
CMS H—yy ——— 124.70 + 0.34 ( = 0.31= 0.15) GeV
ATLAS H—ZZ—4]  ——| 124.51+ 0.52 (= 0.52 = 0.04) GeV
CMS H—ZZ —4i ——— 125.59 = 0.45 ( + 0.42 + 0.17) GeV
ATLAS+CMS yy F—El—l 125.07 = 0.29 ( = 0.25 = 0.14) GeV
ATLAS+CMS 41 —=—— 125.15 = 0.40 ( = 0.37 = 0.15) GeV
ATLAS+CMS yy+4i H%H 125.09 + 0.24 ( = 0.21 = 0.11) GeV
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global signal strengths: 1.09 £ 0.07 (stat) £0.08 (syst)
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All the measured the values are consistent with SM
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Run 1 Legacy (Higgs width and spin)

m Higgs Width: SM expectation on I'v is ~ 4 MeV (not ® Spin/Parity: Compare J” = 0" with different spin

® From the combined Run 1 H— 4¢ and H — yy result, direct

directly measurable due to detector resolution) hypotheses:

m 0+ is favoured and the other hypotheses are
excluded > 99.9%

m Potential CP admixture in spin-zero to be
checked with more data

I'hn measurement is based on the observed lineshape.
ATLAS: PRD 90 052004 (2014); CMS: EPJC 75 (2015) 212

@95 CL Higgs width obs (exp) [GeV]
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CMS: PRD 92 (2015) 012004
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m Signal selection

CMS Preliminary ( 35.9 o™ (13 TeV)
0-004,””\‘ I I TTTTTTT TR T ™77 1T

m 4 isolated leptons (e,u) : two pairs of same flavour, opposite ; 0003} |
sign leptons (4e, 4u, 2e2u or 2u2e) Esg 0.002
mpr>7(5) GeV,|nl<25(2.7)for e (u) at ATLAS € °$ﬂ§ 7777777777777 —
mpr>7(5 GeV, |nl <25 (2.4)fore (u) at CMS ocoff 4 —

= Backgrounds -
m SM ZZ* (main background, irreducible); estimated from MC ~O00F bzmraze ]

m Z+jets, ttbar (reducible); estimated from data-driven methods _0'00401°2°3°4°5°6°M38n8£T<8%\}§0

m Analyses rely on high lepton reconstruction/identification

CMS Preliminary 35.9 b (13 TeV)
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H—//" =24¢ : Event Categories

m  Events are categorised in order to increase sensitivity and assess the cross section of five production processes
m CMS : Events are exclusively divided into seven categories using:
m  Objects information - number of leptons, number of jets and b-tagged jets, missing energy

m  Discriminants (D1jet, D2jet and Dyn = max (Dwn, Dzn)) are calculated from VBF, gluon fusion and VH probabilities

CMS Pret " (13 Tov CMS Preliminary 35.9 b (13 TeV)
relimina 35907 (13 Te T T T T T T T T T
"_. _\ TTT ‘ TTTT ‘ T \r}\/\ ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTT \_ - ggH
S [ «opaa i Untagged [RENCEEGOMEVENIE B VBF
%) - [ H(125), VBF 118 <m,, <130 GeV -
S 10 [ H(125), other N(jets) = 1 ] VBE-1iet BB WH, W—X
O [ g VBE | t Jd 9.44 exp. events BB WH, W—lv
sl zex —/ agge ZH, Z—X
- VBF-2jet
B : " ) events B ZH, Z=2l
6/~ I ] tagged ttH, tt—0/+X
i ' ? ] H-hadronic events B ttH, = 17+X
4- * ]E ] tagged B ttH, tt—2/+X
L ° I i
oL I i:[ ] VH-leptonic
L | i tagged events
E :
% 0102 03 04 05 0.6 07 08 09 1 VH-MET events
D tagged
1jet
CMS Preliminary 35.9 b (13 TeV) tfH tagged- CMS Preliminary 35.9 b (13 TeV)
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o 9 4 n n . . . . . . . o C X ]
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H—//" =24¢ : Event Categories

m ATLAS event categorisation:

m\/H leptonic m,, [118-129] GeV
mJet categories: 0j, 1), pr;>30 GeV
~_
m 2 or more jets (VH-hadronic and VBF) A
®m Multivariate discriminants (BDT) are used = leptons Ojet Tjet m<120 GeV | | m>120 GeV
. Pt~ 0 %€
to Improve SenSItIVIty In eaCh prOdUCtlon Discriminant Discriminant D]isigl;r;.i‘r}gt Discriminant
Just countin BDT-ZZ BDT-1j <) BDT-2jVBF
mode ° ’ ’
BDT_ZZ. BDT_1jet: BDT_2jet_VH: BDT_2jet_VBF:
..(3 ||||\||||||||\|‘|||||||||D|;:‘|||||||||| © pT4, ° pT,]' ° pT,jl ° pT,jl
C i F— e lam ] °mn P * Prip * P2
S 10 __ATLAS Prellmlnary:,\g/gBFF+nH . Do ) A]RM ) njll o
L | Ho> ZZ7* - 4] ] \Z/;'* i log(ME,,/ © Ang © An;
- 13TeV, 14.8 b — 1 ME,,) © Any © Any;
8 ~NJet=0 tt+V, VWV N * my tomy
i ;. Uncertainty ] min(ARZj) . min(ARZi)
6 B _ .
: : ﬂ 27]1I|I\lllll|II\|\II|III‘I\I|III|II\II[i ﬂ10 ;LI[|III|III|Illlllllllll\lllllllII|IIJ_:
i i = 10 - ATLAS Preliminary % oo « o [ ATLAS Preliminary ¢ got 1 ¥ -
41 7 @ [HozZ o4 —Ni ] O [ HoZZ" 4l — ]
- . T 13TeV, 14.8 10" — Zets‘ , i 10 | 13TeV, 14.81b" —] %f;ets, tt ]
5 1 10 ENdet=1 t+V, VWV = £ NJet = 2 VBF-enriched t+V, VWV E
2 ] c vy, Uncertainty 3 E vy, Uncertainty E
0 '_ il l _
~1-0.8-0.6-0.4-0.2 0 0.20.4 0.6 0.8 1 1 : » :
BDT 2Z : : i 7 2 |
L 1 i 7 &7 )
107 : 107 .
107 107
-1-0.8-0.6-0.40.2 0 0204 0.6 0.8 1 -1-0.80.604020 02040608 1
BDT One Jet BDT VBF
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H —=//" =4¢ : Signal Strength (CMS)

B To extract the signal strength 2D simultaneous fit in seven categories:
ngg(ﬁH%g’mM) )
7’§§ (QH%M )
background kinematics)

m4s and D = |1+ (discriminant sensitive to the signal and

CMS Preliminary 35.9fb™ (13 TeV) CMS Preliminary 35.9 b (13 TeV)
T T | T T T | T T T T T T | T T T | T LI | T 171 | L T T T T | L | T T
_ +0.23 . .
untagged M—1-17_0.21 = H—ZZ* — 4] W= 1_204:8? . H—ZZ"— 4]
m,, = 125.09 GeV 9gH ' m,, = 125.09 GeV
VBF-1jet +0.40
=0.97
tagged " oae | W | u =1.0597 N | w_ =105707
VBF-2jet — 0.6305" Mg = ¥Y0006 M
tagged W=009 s | ™
VH-hadronic  _ +0.78 _ +2.85
tagged =0.760 o | W M ohhas = 0500 ®
VH-leptonic 0.00"2%—1
tagged W= 000 +2.78
M hiep = 0-00_00 m
VH-MET _ +10.94
tagged =000 u
_ +1.19
tiH tagged 1 = 000" p— Moy = 000000 ®
1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1
0 2 4 6 8 10 0 1 2 3 4 5
u u
At my = 125.09 GeV, combined result: Signal strength associated with fermions
_ % 4 05015 (st ) FO-LL (515 ) and bosons:
H= = L-U9_0.14 +)—0.09\5YS- _ 1901035 _ 0.00+137
OSM MggH ttH = 1.2U_g 31  HVBFVH = Y.-UU_q.00



H —/Z/" =4¢ : Cross section per production mode (ATLAS)

E‘ 2.2:1 T T I T T | T 1T I T T T I T 1T I T T I T T I: ¥L|_ 3_ T T T T I T T T T E T T T I.: T T T T ]
= 2F ATLAS Preliminary | Bestft - ATLAS Preliminary 1
N {gEH—>ZZ -4 —e8%oL - 2.5 H -2z 4l —
N C 13 TeV, 14.8 b e 95% CL . - 13 TeV, 14.8 fb” .
T 1.6 * sM E - m,, = 125.09 GeV .
- N o HT T —
T 14 e, = - ]
% - N ] i ]
e E 150 -
I | ] "+ Bestfit ]
B of : - —68%CL )
b>0'8;_ E 1 - 95% CL -
06:_ E - = SM ]
0.4;— —; 0.5 ]
0.2F e P : i
O:I 1 1 1 | I | | | l~l~.l.'l'-l 1 1 | I | I I l"l’ 1| : O_ | | | I | | | | | | | | | | | | | i
0 05 1 15 2 25_3 3.5 0 0.5 1 1.5 2
Ogghsborstir<BH(H — £27) [pb] Ky
* 0.49 *
over - B(H — ZZ*) = 0.37795% pb osm.ver - B(H — ZZ*) = 0.100 + 0.003 pb
ovi - B(H — Z2Z*) = 0701 pb osmvi - B(H — ZZ*) = 0.059 + 0.002 pb

Compatibility measurement with the SM:
OggF+bbH+ttH. B(H—ZZ*) is 1.10 and over. B(H—ZZ%) is 1.40
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H—>//* =4¢ : Differential and fiducial cross section

® Model independent measurement ATLAS: 115 < m4r< 130 GeV
m No categorisation is used 2 VT amias Preiminay

B Maximum likelihood fit to the m4, distribution to extract the g ¥ 5:_ Tsiffff&w _

= Detector level bin-by-bin correction applied : GeV ]

CMS: 105 <mur< 140 GeV , my = 125 GeV *

3 .
ol J§ —Obs. stat. + syst. unc. ]
B F/ B Obs. stat. unc. i
B f — Exp. stat. + syst. unc. 7
1 ;
= 10 CMS Preliminary 859" (13ToV) . CMS Preliminary 359" (13TeV) - W )
q) + Data (stat.®sys. unc.) 0 r T 0 L1 L ARTINN NI N NI ST SN R RN AN AT RN
(5 Systematic uncertainty HI;. 1 02 E + Data (stat@sys. une) 3 2 4 6 8 1 0 12 14
B 1 y :g f Systematic uncertainty E fld b
&=, 7277777, 93 (POWHEG+HUGen) + XH ) - %444 gg--H (POWHEG+JHUGen) + XH . | [fb]
= 1o XH = VBF + VH + ttH 10;‘ [777] XH=VBF+VH+tiH E .
) p,>30 GeV, hi<2.5 - ] Final state measured ogq [fb] ofd.sMm [Ib]
N A7) p.>30 GeV, mi<2.5 i ’
vl— T4, T
Q 1072k 3 W77 3 4 1.28 + +0.48 0.93 * +0.06
ke}
= 3 A 1071k T +0. 51 +() 05
o 107 : : 4e 0.81 7733 0.73 “5oe
B 1 - : +0.58 +0.04
@ A o 10°E | | | E 2ule 129046 067004
s . £ e | | | 2e2y 1,10 +049 0.76 *+005
o | = o}
o U I s, o N —0.40 —0.06
o A A a 15 -
1S . 2 1B /{{{{{////’/////////5%%%%
é 0 1 | 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 % 05 [ | I | |
50 100 150 200 250 & ob—jp ] 5 = 3 Measured
et) [GeV c
Ns = # of signal events . . .
. Ng ; Ng ST 9 . L Ofid fb 448_0 ]9 307_0 25
Otot — A = Kinematic and geometric acceptance given in . .

O'IL L = —
A.C.B.L;,; fid C.Lint fid. volume 418 1+3.8
C = Detector correction factor K1 55.5



H —=//* =24¢: Mass and Width (CMS)

B Mass measurement is based on 3D fit : invariant mass of C}MSI Preliminary 3591 (13 TeV)

- 8r I T n ]
four lepton, expected uncertainty on the mass, and the i . ]
discriminant S il

. : - —— My D' Ol Y
® The on-shell Z is mass constrained s\ e .)> ]
— MYy D'asss bll?g stat. only -]
m Systematic uncertainty dominated by uncertainty in the 4 E
lepton momentum scale . E
@H = 125.26 + 0.20(stat) 4+ 0.08(sys) GeV) 2" E
i -
Width measurement : ]
O 1 1 1 1 1 1 1 1 1
. 5 CMS prefminary 35.9 b (13 TeV) . 124.5 125 125.5 126
> 70 = m,, (GeV)
% 2 CMS Preliminary 35.9 b (13 TeV)
= 60 9 B I R L B A BRI B
£ 10 "
50 a
3 C}I —— Observed
40 8; ------- Expected ]
2 o Expected (uveryvH = - If mi floated,
20 UggH.ttH and my =125 s @ 95% CL, ]
1 0 GeV, '1=0.0041 GeV) L 'y < 1.1 GeV
and observed values 4w S S 95% CL
O 124 125 128 127 0 at 68% [95%] CL -
m, [GeV] I -
i 68% CL
Parameter myy range Expected Observed I
Ty (GeV)  [105,140]  0.00797570.00,1.60] 0.0079:41 [0.00,1.10] R R R TR
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H —=//" =4¢: Anomalous couplings (CMS)

The scattering amplitude to test the spin-0 Higgs boson with two spin-1 bosons (VV)

VV2 o WV 2 VvV 2
K K 1T 492 £(1) 7%
2V 7+ szz q2 3 (4 Z) m2etety +aYV fw f aXVfWS )f (2),uv
(AYY) (AVV)
Q i

ai = anomalous coupling

B Same selection as for the mass measurement

m Only three categories because of small statistics:
VBF, VH and untagged

m Discriminants to suppress background, to
separate BSM and SM, and to isolate interference

CMS-PAS-HIG-17-011

of BSM and SM ( 2 - up to 13 observables) o CMSFemeay  sswluaey

Pag= — T p o Pl PRis(@ 5t G _

Pami () + Phoig ()  Pou(QY) + Ppsm(Y) P (Q) + Prsm(Q) E 8- ;:/OI?;J;VH SM -
Effective cross sections ratio, fai, phases ¢ai- g | éz:g;vm

=0 (1) indicates pure SM (BSM) I3 -

Parameter Observed Expected . _ ]

fu3 cOS(Pa3) 0.307591% [~0.45,0.66] 0.0000:917 [—0.32,0.32]

farcos(¢ap)  0.047007 [—0.69, —0.64] U [—0.04,0.64] 0.000001 [—0.08,0.29] N i

fm COS(CPAl) 0.007933 [—0.92,0.15] 0.000" 3014 [—0.79,0.15] e Vo e :

FEY cos(¢%7) 0.16103¢ [—0.43,0.80] 0.00010020 [-049,080] oIS

13 | | Dyyg



H — yy

u Slgnal SeleCtlon CMS simulation Preliminary 13 TeV
] . c 1.1 "
- — yy (m, =125 GeV)
® Two isolated and highest Et photons E | Deta PU scenio (12615
m | eading photon : Er/m,, > 0.33 (CMS); 0.35 v oo P
(ATLAS) R
m Subleading photon : Er/m,, > 0.25 GeV g o8- [
= - —+— True vertex efficiency
m|pn| <2.5(CMS), 2.37 (ATLAS) and exclude o 074 .
S C Average vertex probability
transition region S o6
. . . . . L N
m Photons originating from the diphoton primary vertex ... . .. .. . . .. ... . . ... ..
0 50 100 150 200 250
m Backgrounds P!’ (GeV)
m Continuum yy (irreducible); estimated from data g WVBF  TwH WzH EuH WbbH  CtHp  [wH
u y+jet/jet+jet (reducible) ATLAS Simulation Preliminary H-yy s=13 TeV
Gvents are divided in categories based on \ Vi iepions
mass resolution em/m (CMS) /production wiver
modes (ATLAS) to maximise the sensitivity ¥ WHaconi oose [
CMS: 3 categories ver ose 5
ATLAS: 13 categories st v, [
\ J gchentraIIow-pTl_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Fraction of each signal process per category
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H — yy: Diphoton mass distribution

CMS-PAS-HIG-17-015

g ~
CMS rpreliminary r35.9 fo' (13 TeV)
> 20000 :_l‘ T T T | T T T°T1 | T T T°T1 | T T T°T1 | T T T kl T T T°T1 | T T T°T1 | T T T 1__ %)
8 18000 — H—=>yy All categories - ~
- _ ] ~
; 16000 k S/(S+B) weighted E £
E - T ]
14000 = Data - =
|_c||>j 000 ¢ : =
- 12000 — S+B fit E
%’ 10000 | 5 -
S go00f component
m — —
= 6000} E
) - E
0 4000F :
D 2000 -
\ —
2 oL | | |
soop=- "~ B component subtracted 3
400 | 3 o
- : g
200 - - 2
3] PSSR I, /- _ §,
—200 F {' - N
100 110 120 130 140 150 _ 160 _ 170 _ 180
m,, (GeV)

With 12.9 fb-' signal significance:
5.60 (0bs) ; 6.20 (exp)
at mp = 125.09 GeV
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ATLAS-CONF-2016-067

—e— Data

------ Background

—— Signal + Background
— Signal

S/B weighted sum of
event categories

m,. [GeV]

Signal significance : 4.7¢0 (obs) ;
5.40 (exp) at my = 125.09 GeV



H — yy: Signal strength

CMS rreliminary 12.9 fb' (13 TeV)
T T T T T T T T T | T

L L L L L I L I
| ATLAS Preliminary —e—i Total H=>yy == Combined = 1o
| (s=13TeV, 13.3fb" —8 Per category + 10
M’[tH — i : pLttH =-0.25 ig:gg B - M=MSM N
0'77+(?§; ~ +0.21
MVH — ® Mum =0.23 j:gg MggH - M combined — 0.95 -gfa
MVBF — ® L. =2.24 tg:s? B m,, Profiled ]
2 61705 =1
S e 208053 | e
Maune e oo = 085 Joz0 B N
Mt —o— w, =117 "o Moy | 19172 CMS-PAS-HIG-16-020
| 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1
2 1 o0 1 2 3 4 5 I S S S
Signal Strength i
URrun-2 USes an updated ggF theory ATLAS: my = 125.09 GeV, cross section
prediction which is 10% larger than per production mode
that used for pRrun-1 +32
over X B(H — yy) = 19.2 tg? fb
OyvH X B(H — ’y’y) = 1.2 tgi fb
_ +1.4
o X BH - yy) = =03 77 1b
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H — yy: Differential fiducial cross section (CMS)

Ratio to aMC@NLO + HX

o R
CMS Preliminary  35.9 fb™' (13TeV)
= [ I I I [ =

03 L H— Ty LHC HXSWG YR4, m =125.09 GeV _
§ + Data ggH aMC@NLO + HX §

, - ggH POWHEG + HX .
0 i ® » HX aMC@NLO E
L _
1= ° . =
- «\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ﬁ
| |
zl4

N, (| <2.5)
J

Ny <2.5,is0 <10 GeV (4R =0.3) and

O fid

SM
O fid

pr/myy, > 1/3 (1/4)
= 84 + 11(stat) + 7(sys) fb
— 7544 fb
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H—yy, profiling m,
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H — yy: Differential fiducial cross section (ATLAS)

-
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r ATLAS Preliminary my = 125.09 GeV

¢ data, tot. unc. [] syst. unc. & 99—H NNLOPS + XH-
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L ==+ XH=VBF + VH + ttH
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Combination of H = yy and H = Z2Z* —=4¢ (ATLAS)

ATLAS-CONF-2016-081

m Combination for | yn| < 2.5 for the ggH, VBF, VH (hadronic),
ATLAS Preliminary m,=125.09 GeV

VH (leptonic) and top production processes (s=13 TeV, 13.3 b (yy), 14.8 tb™ (22)

-8~ Observed 68% CL SM Prediction

Decay mode ggF VBF VHhad VHlep top
H — vy (0 Blggr  (0-Blygr (0-Blymaa (0B, (0-Bligp Ky T
H— 77" (0-B)Zi (0-B)i fixed to SM  fixed to SM  fixed to SM - -
10.18 Oygr —_——
B The signal strength of @ = 1.13"57~ i |
B QObserved (expected) significance 100 (8.60) OVHhad *
o(pp — H+X) in the full phase space is from fiducial cross section,,, ,
S gl ATLAS Preliminary ~ — o, , m,=12500Gev _‘ - |
IT [ A Hoyy 0 HoZZ >4l QCD scale uncertainty i Oiop —————
b& 80_ ¢ comb. data SySt'unC' -TOt-Uncel’t-(Scale®PDF+0<s) []__ NENE KRRNI ARUNI ARRRI ARNRI RRNRLARNRA RARNARRRNARREN

543210 12 3 45

Parameter value norm. to SM value

o(pp — H + X) = 59.07g:5(stat) 755 (syst) pb

NSLO theory
\s=7TeV, 45f0" i o4
Vs =8TeV, 20.3 fb" 1 o —~ H 4+ X)=55.5"7%% pb
0 Vs=13TeV, 13.3f07 (yy), 14.8 o (ZZ*) ] (pp * ) ~3.4 P
7 8 9 10 11 12 13
Vs [TeV]
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m Alot was learned on the Higgs boson and its properties with the Run 1 data at
7 &8 TeV
m |ts mass is known with a precision of 0.2%
m |ts properties are within the SM expectation

m Latest results from ATLAS (~14 fb-1) and CMS (~36 fb-1) from the Run 2 data at
13 TeV are presented
m [he results are consistent with the Run 1
m The precision of mass and its properties are about same with the combined
ATLAS+CMS result or better
m The updated results are still statistically limited and consistent with the SM
expectations

m ATLAS results to be updated soon for the full Run 2 dataset
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Run 2 Data

CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:22 to 2016-10-27 14:12 UTC

=)}
o

B \ery good data taking during 2015 and 2016 -~ 2010, 7 Tev, 450pr 60
(Run 2) =50 — 2212, arev. 253
m Data taking efficiency (> 95% ) g 40 2016, 13 Tav, 40,6 1 |a0
m Collected ~ 3 fb™' (2015) and ~33 fb™' (2016) E
m Presented results are from ~36 fb™ (CMS), *E . b
and ~14 fo™ (ATLAS) (for comparison the .i? /
CMS results with ~14 fb™' will be shown) 57
i °~W ——
= 240 T T T T T T T T T T A LN ‘/(’e‘, 3O 4w 40
S 220 ATLAS Online, /s=13TeV  [Ldt=42.7 fb" Date (UTC)
:é,_ 200F- E 2015:<u>=137
2 180 D 2016:<u>=249 —
8 160F Bl Total: <u>=23.7 = .
£ iaob E B Pileup (average number of pp
- 158— E interactions per bunch crossing)
o = = : :
S 80 E challenge with 2016 data taking
8 605 EE
40 EL B <;>~25(14)in 2016 (2015)
20F 4%
0:' -~ A =

5 10 15 20 25 30 35 40 45 50

Mean Number of Interactions per Crossing
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H —»Z77*

ATLAS: 118 <mgy, <129 GeV

Final State Signal Signal zzr Z + jets, If S/B Expected Observed
full mass range nvV,vvv,wz
4u 8.8+0.6 82+0.6 3.11+030 031+0.04 24 11.6+0.7 16
2e2u 6.1+£04 55+04 219+021 030+0.04 22 80x04 12
2u2e 48+04 44+04 139+0.16 047+005 23 62+04 10
4e 4.8+0.5 42+04 146+0.18 046+005 22 6.1+04 6
Total 245+1.8 223+1.6 82=+0.8 1.54+0.18 23 320x1.8 44
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CMS: 35.9 fb'',m4, > 70 GeV

Channel

4e 4u 2e2u 4/

qq — Z2Z 19271508 | 360.27773 | 471.07355 | 1023.975%7
gg — 27 41.2;8235 69.0;1%85 101.737‘31;12 211.8%?5
Z+X 21.1 Ui 344 a2 59.9 i 1154 "l
Sum of backgrounds 255.075:7 | 463.57 337 | 632.67,.7 | 1351.17577
Signal (my = 125 GeV) | 12.0777 | 23.6+2.1 | 30.0£2.6 | 65.7£5.6
Total expected 267.072¢7 | 48717375 | 662.6 757 | 1416875,
Observed 293 505 681 1479

CMS: 12.9 fb1,118 <ma4, <130 GeV
CMS-PAS-HIG-16-033

Channel 4e 4p 2e2p 4

qq — ZZ 1377016 1 3097927 | 390704 | 8.367 051
gg — 77 0.1675%% | 0.327092 | 0.3070%2 | 0.77+042
Z+X 090703 | 1.40702% | 2347500 | 46471

Sum of backgrounds

042
2.42f0. 10

059
481705

1.03
6.547 0,

1.41
13.77-141

Signal (my = 125GeV) | 3.90702; | 7.92705% | 9.80713¢ | 21.61755
Total expected 6.327078 | 12737121 | 16.347192 | 35.387343
Observed 5 12 16 33




H —=//7" =24¢: Mass improvements (CMS)

No m(Z;) constraint 3D: L(my;, Dmass, Dlg{%) 2D: L(my), Dmass) 1Dz L(my;)
Expected myp uncertainty change +8.1% +11.2% +21%
Observed my (GeV) 125.284+0.22 125.36+0.24 125.394+0.25
With m(Z,) constraint 3D: L(m};, D] ass/ Dﬁ%) 2D: L(m);, D} aes)  1D: L(m);)
Expected my uncertainty change — +3.2% +10.7%
Observed my (GeV) 125.26+0.21 125.30+0.21 125.34+0.23
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