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The Higgs boson
in the SM:
production &
decay
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@ Higgs boson production
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> Sizable increase in cross sections in transition 8 > 13 TeV
o factors of ~2.3 (ggF), ~4 (ttH)

> Significant improvements in theory
e e.g. uncertainty of ggF cross sections reduced to ~%2 (N3LO)
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EXPERIMENT

Higgs boson decay modes
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|ATLAS

EXPERIMENT

Projection 2016 .~

LHC performance exceeded by far the
expectations for 2016

~40 fb-! of pp integrated luminosity
delivered to ATLAS + CMS

> excellent availability, peak luminosity > 1.4 x
1034 cm2? s

>6.5 x 10"° collisions recorded per
experiment at 13 TeV
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(hi#d ATLAS & CMS experiments

EXPERIMENT

e The two multi-purpose detectors at the LHC

44m izl (100xL50 pn) ~16m® 660 charmaeln
Microstripe (M0x18010m) ~300m3 ~:6M chwonels

25m

LAr hadronic end-cap and
3 forward calorimeters

Muon chambers Solenoid magnet | Transition radiation tracker
Semiconductor tracker

44 m x 25 m, 7,000 tons 29 mx 15 m, 14,000 tons
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The Higgs boson

according to
LHC Run 1
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\Ii1q Higgs Mass (Run 1)

EXPERIMENT

ATLAS+CMS PRL 114 (2015) 191803

e my is afree parameter of the SM - crucial also for extraction of couplings
e Run 1 combination: based on the best-resolution decay modes, yy and 4¢

ATLAS and CMS b——i Total [ | stat. [ Syst.
LHC Run 1 Total  Stat. Syst.
ATLAS H—yy F————H 12602:+051(£043+027)GeV
CMS H—yy —— 124,70 £ 0.34 (£ 0.31+ 0.15) GeV
ATLAS H—ZZ —41 ———] 12451+0.52 (+£0.52 +0.04) GeV
CMS H—ZZ =41 —— 12550 £ 045 (042 £0.17) GeV
ATLAS+CMS 7y [ 12507 +0.29 (£ 0.25 + 0.14) GeV
ATLAS+CMS 4/ —— 12515 +0.40 ( £ 0.37 £ 0.15) GeV
ATLAS+CMS yy+4I = 125.09 + 0.24 ( £0.21 £ 0.11) GeV
AT R TR N TN SN SO M AN N NN SN SN N SN SN NSNS N M AN S SN SN AN S NN N MO TN NN N
123 124 125 126 127 128 129
my, [GeV]

e Combined results from ATLAS + CMS:

my = 125.09 + 0.21 (stat.) + 0.11 (syst.) GeV
> -2 already very remarkable precision of ~0.2 %
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{1 Production & decay (Run 1)

EXPERIMENT

ATLAS+CMS JHEP 08 (2016) 045

e Global fits of either production (u;) or decay (1)) signal strengths

Production modes Decay modes Boson vs fermion mediation
ATLAS and CMS Preliminary —=-ATLAS ATLAS and CMS Preliminary - L o T T
LHC Run 1 --E_I;\_/I&S+CMS LHC Run 1 ATLAS E -ATLAS and CMS CH-
L Ay == CMS .3 3FLHC Run1 [(JH-zz ]
" o - - ATLAS+CMS = | CHoww
i + L .
F ——t —
99 ———— T — o CJH— «
L i i L
u I B 2" [JH—bb
VBF T e L
— I_LZZ —— L
—— L
My e — 1T |
B ; v —= [
Moy : r
————— — : = —
l-lTT E—.— :
My —re— L
i bb| ——e—d -r ]
u 4 H —— | —68% CL + Bestfit * SMexpected
vt Lo Lo by b a i ba o T TS R EE T BN F R R R ' ' (I) ‘ ‘ ' ' .‘I ! ! ' ' 2‘ ! ' ' ' 3
0 05 1 15 2 25 3 35 4 0 0.5 1 15 2 25 3 3.5 4 f
Parameter value Parameter value " ggF+ttH

> Clear evidence for VBF. ttH production somewhat high, bb decay slightly low.
> Good consistency across experiments. Overall good agreement with SM.
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|ATLAS Couplings (Run 1)

EXPERIMENT

ATLAS+CMS JHEP 08 (2016) 045

e Leading-order motivated k framework

e For each coupling, introduce a modifier k, where k =+1 corresponds to SM value
Express all cross sections and decay widths in terms of coupling modifiers
Example: gg > H

& To0eu0Y g OC00Y
Ly - H + bl — >»---- H
gLQQQQ_QQJ g\QQQQQQJ

Kz ~1.06 - k7 +0.01 k5 —0.07 - k¢ Kp

e With oxBR measurements of all relevant channels, compute likelihood functions and profile
the various coupling modifiers

e Also contributions of BSM decay modes to the total Higgs boson width I'; can be considered
— KIZL, . FﬁM
"1 — BRggy
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e Individual coupling study includes H->puu analysis (upper limit only)

e «y and kg are global modifiers for vector (W, Z) and fermion couplings (t, t, b)

> agreement with , = kg =1 (SM couplings)
> Mass dependence of Higgs couplings clearly shown
e finger print of a SM Higgs boson
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EXPERIMENT

Indications for BSM effects?

e New physics could manifest itself in
e decay modes to invisible particles
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BSM particles in loops: (gg fusion, yy decay mode) >fit «,, xy as autonomous parameters
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> BRggy <0.34 (95% CL) > up to 1/; of decay width may yet be unaccounted for
> No indication for modification of loops
> In summary: Run 1 results confirm properties as expected for a SM Higgs boson
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Run 2: a new
level of Higgs
boson research



Bosonic
couplings
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Nl H2> vy @ 13 TeV

EXPERIMENT

CMS PAS HIG-17-015 || ATLAS-CONF-2016-067
> The Higgs signal in the di-photon channel has been clearly re-discovered in the 2016

data
»0000 CMS Preliminary 35.9 fb'|(13 TeV) S — ‘ —
Fr 1 1T T T T T T T T 7T 1 T 7T T T T LI T L T 1 T T [0)] — - . —
% - H—>‘Y’Y \ \ \ \ . \ \ ] 3 200: e Data ATLAS Preliminary |
(D 18000 All categories = £ 80— T Background Vs=13TeM 133" |1
~ - S/(S+B) weighted ] =) = = Signal + Background Hoyy.m =12509GeV
o 16000 — ® 40 — Signal s
= H 3 = L S/B weighted sum of -
© 14000 + Data — N 140N event categories =
W 12000 - E = ]
o] : - S+B flt 7 120— —
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N e component = E
2 8000 P = - . ]
(0] E : 80— -
= 60001 = - _
o~ - ] 60— —
m C 3 C ]
y 4000 c ] 40i E
£ 2000f = = ]
U) D :\ | - | | - | ‘ | | ‘ | ‘ | - \7 20? i
600~ 'B coanoneﬁt subtréctecE - 18:; — E
400 - 3 E 7
= - ul‘n 5 ]
200 - £ E
a g 0 + i

0 i
3 AT + i
= 50 -
2001 % = T 120 130 140 150 750
100 110 120 130 140 150 160 170 180 5

m,, (GeV) My, [GeV]
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|ATLAS H->yy: Signal strength

EXPERIMENT

CMS PAS HIG-16-040

CMS Preliminary 359fb_1(13T3V} LI B I L L B L B N L
T T T | T T T T T | T T T | T T T I T |
H—vy = Combined + 10 ATLAS Preliminary —e—i Total
L — Per process + 16 __ —  (s5=13Tev, 133"
Wogn | 11135 DY Mo = . : My, =70-25 C0ss
N jll.‘.ol'l'lblrled = 1'16 iz:: | HVH — & !'L = 0'23 +1§;
Myge | 08455 m,, Profiled L es
- — Hogr — ——— 1, =224 47
Mgy | 222 o5 LlggH — —e— Hogh = 0.59 *o7%
B 1.1 - HRun—2 I e “Run-z =085 tg:ii
MVH 2.29 4, +0.28
T T T S R AT T S B “Run_1 I —e— !'lRun_1 =117 -0.26
_2 0 2 4 6 8 | 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
i -2 —1 0 1 2 3 4 5
> Signal strength agrees well with SM expectations Signal Strength
> Good agreement between ATLAS and CMS
e Fiducial, differential and Simplified Template
P P ATLAS: p= 0.85%022

cross sections:
e see next presentation by Stefan Gadatsch

CMS: n= 116%313
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¥y H-> vy properties

EXPERIMENT
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e Signal strengths for fermionic (ggH, e Coupling modifiers in 2D likelihooc
ttH) vs bosonic (VBF, VH) scans
production modes (2D likelihood e yvs.g
scan) e fermion vs. vector boson
CMS Preliminary 35.9 fb' (13 TeV)
SR A AR AR RN AR RN RERRS CMS Preliminary 35.9 fb"usTeV)10 3(:I'w‘ls Preliminary 35.9 fb"(13.1'e'u')10
N o v
1.52— —f
i ]
0.5; E
o ]
- q m,, profiled
{)'5:_ my profiled B 002 04 06 0.8 1 12 14 16 18 2 02 04 06 08 1 12 14 16 1.8 2
71:\II\ I\\Il\ll\lll\l‘\l\I‘I\\I‘I\I\lI\II: KY KV
-1 0.5 0 0.5 1 1.5 2 2.5
HggH,ttH

> In all cases, no deviations from SM couplings observed
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(Nad H>ZZ*>4 ¢ (full 2016 statistics)

EXPERIMENT

CMS PAS HIG-16-041 | ATLAS-CONF-2017-032

e Improve sensitivity by introducing mutually exclusive categories

CMS Preliminary 35917 (13 TeV)
e Signal / background discrimination ede  —euniagged ¢ VH-hadr iagged 3
. ) e 4u —— VBF-1j tagged iy = -~
performed based on matrix elements $ 0202 v VBF2itagaed o e o0 12%
background [ it
/ process 2 ;
- —1
99 (AH—4¢ c
pkin _ |74 Prjeg (277 [rma) - ”
bkg ™ PES (QH=4 1) .
sig 4¢ L —08
\ _ .
signal Q - o4
process = -
©
S f —o2
. . . O
e Signal extraction performed in 2D 5 i AR~ = i
g. (m ’ka) % L1 \’_‘#T\ ! |_\.|_\ ! |J:.—rfl 1 ‘.—TT\_—?_.\_\ I ﬁjk\ﬂ.rg.- —o
variable space ("4¢, Vpyg o 00 110 120 130 140 150 160 170
e Simultaneous fit to all categories m,, (GeV)
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H>Z2Z2*>41

ATLAS

EXPERIMENT

ATLAS-CONF-2017-032

NEW_/

CMS PAS HIG-16-041

CMS Preiiminary 35.9 b (13 TeVv)
% _IIII|I\II|IIII|.III.I|IIlll;llsal.téllllllllllllﬁ: % 707\\\\‘\\\\‘\\\\‘\\\\ TTTT \\\\‘\\\Illllllllllll\\:
D 50 - ATLAS Preliminary = ggna (m =125 GeV) _] O 5 3?1‘25) .

N - B Background ZZ* . c ]
uN)_ e ez o [ Baokground eV, VWV - < eor [ 49-2Z,Zy*
i [ 13 TeV, 36.1 fb” I Background Z+jets, ft | B2 i W 99—-ZZ, Zy*
0 40— w2 Uncertainty | % L I Z+X -
c i ] > 50— ]
= f o :
L 30k = 40— —

i i 30 —

20 - m - .

[ 1 20— —

10 = . .
[ § 10
080 90 100 110 120 130 140 150 160 170 %0 80 90 100 110 120 130 140 150 160 170
m,, [GeV] m,, (GeV)
> Excellent mass resolution. Signal ATLAS: o, = 6930 + 5 pb
strength in perfect agreement with SM osy = 55.6 £ 2.5pb, p = 0.19
e Fiducial and differential cross sections: CMS: p=1.05%12

see next talk :
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IIMPY Run 2 mass (4€)

EXPERIMENT

CMS PAS HIG-16-041 CMS Preliminary 35.9 b (13 TeV)
e Significant methodical improvements E Ny T
compared to the Run | analysis < 7F
o 3Dfit, L0}y, Dhnoss DKL, DA E
e Kinematic fit: higher mass Z is usually - .
on-shell S E
—> apply mass constraint ar WS
e Likelihood scan of Higgs mass, combining - .
the different 41 decay channels 3F -
2 =
e Result: - .
o my =12526 +0.20 (stat.) + 0.08 (syst.) GeV -\ /T ]
e observed uncertainty is smaller than expected 0t ]
by ~ 49 MeV (p-value ~18%) 124.5 125 125-%H (Ge\})26
> This single channel, single experiment Run 2 measurement is already more precise

than the full ATLAS+CMS Run 1 combination:
e my=125.09+0.21 (stat.)+ 0.11 (syst.) GeV
o still statistics-limited
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Ny Run 2 couplings

EXPERIMENT

ATLAS-CONF-2016-079 ATLAS-CONF-2016-081

e Vector vs fermion coupling (assume e Measurements of (c- BR) in ggF

no new particles in the loops)

and VBF are generally correlated,
since they contribute jointly to event

* .
; Run 2 (ZZ* only) categories > contours are shown
N I I I I | I I I I E | I I I h: | ] . . _ o
" ATLAS Preliminary | 1 > Compatible with SM (p-value 11%)
25FH - 77" > 4l -
B 1 ] = 70: S e T m
13 TeV. 14.81b ; ] = so ATLAS Preliminary * su E
o my = 125.09 GeV ] @% T Vs=13 TeV, 13.31byy), 14.8 7(Z2) 1 ::;t cf:','_ ]
- i @ 50F m,=12509Gev ==+ 95% CL -
: | : S e
1.5/ | i . OE py+zze 7T E
- - Best fit ; 7 305 E
- —68%CL § . - ' -
1 - 95% CL i — 201 =
- & SM ; . - .
- ] 10 E
0.5__ ] 0; é
: : _10: 1 | 1 1 1 | 1 1 1 | 1 I 1 | 1 1 1 | 1 1 1 | 1 3
0 | | | | | | | | | | | | | | | | | | | 0 20 40 60 80 100
0 0.5 1 1.5 2 (0 B)lge/ BL,[Pb]
Ky
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e Anomalous HVV couplings (- BSM) can show both in production (VBF, VH) and
decay (H>ZZ) - investigate in final states with 4{

e Use full angular information from production & decay modes, compare with matrix
element computations (JHUGen+MCFM, MELA package)

e Discriminants to separate/isolate
e signal from background _
o anomalous from SM couplings Psm(€2)

e interference contribution

Pam () . PR _ssm(Q)
Pem () + Pysm () Pam(Q) + Prsm(Q)

Dgsm =
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@ Anomalous VVH couplings

|ATLAS (cont'd)

EXPERIMENT

CMS PAS HIG-17-011

e With an overall likelihood fit, e A L S —
. . £ F ____ Observed.¢_=0orT 1 £ 80 ____ Observed.§_=0orm |
determine coefficients of general a L > =l =
tensor structures in scattering 2 oL T
amplitudes as allowed by Lorentz i ]
symmetry, beyond the SM case J
e including lowest-order terms in form
factor expansion
e assume couplings for WW and ZZ ,3_'1—.—. T .".‘“5".&;./0%/.'.—.—.—'1
are identical ' f,3€08(0_,) ' f,, cos(o_)
> All BSM-related coefficients are L et o EEMmm BRI
found to be compatible with zero <R 3 e e
(:SM) | E*PECU?H-QJM—DWH ----- Expected, ¢_“=Dc|ril:
Parameter Observed Expected i
faz cos(¢az) 0.30037 [~0.45,0.66] 0.00070:917 [—-0.32,0.32] & allowed
fazcos(¢a2)  0.04500 [—0.69, —0.64] U [—0.04,0.64]  0.00070:01% [—0.08,0.29] I
fm cos(¢a1) 0.0070%5 [-0.92,0.15] 0.0005591 [~0.79,0.15]
<1 cos(¢hT) 0.161038 [—0.43,0.80] 0.0005:920 [—0.49,0.80] I I q RN AN
D&—%—a'owe el | =] [ S | I I\-_L L—A L
-1 -0.5 0 0.5 1 -1 0.5 0 0.5 1
fycos(o,) 121 cos(q)ﬂ}
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¥y Anomalous couplings (cont'd) .

ATLAS-CONF-2017-032

e Distribution of m,, vs ms, (where m,, > m3,) is sensitive to modified Higgs couplings
e studied in the context of pseudo-observables (Eur.Phys.J. C75 (2015) 128 + 341)

e e.g. modified contact terms 2 ¢, and e

e (my,, my,) distribution mapped to 5 bins
e good data/MC agreement

L I I [ I
@2 goE \ \ \ \ - £ T ATLAS Preliminary =~ —— Data ]
c [ ATLAS Preliminary —4— Data 3 ) 25 H o ZZF s 4 [ ] syst. uncertainties -]
g 80 F H—o>Zz >4 ] Sional (m 125 Gev) = - 13TeV, 36.1 " = NNLOPSk =11, +XH —
1 E 13 TeV 361" Il Background ZZ* 7 r B . 7
F T [ Background tt+V, VW ] o) I VG5 FxFx k= 1.47, +XH ]
7063 f Il Background Z+jets, tt —| r sxzzzss XH = VBF+WH+ZH+ttH+bbH 7
[ O 60F 4 4 Uncertai n C 7
P 777, Uncertainty . | o pvalue NNLOPS = 41% ]
60r 50 E L p-value MG5 FxEx = 54% ]
O 400 1 L ]
S0 - - .
X | £ Py
40 oot - N ]
30 i 10% | | | | 1 ! 05? + l+_ I+ ]
: 50 60 70 80 90 100 110 F . : i
- m,, [GeV] R . ]
201 0 : = I T '\‘k N
10% g 25 ]
—— § 2_| . _
o - : : : , 5 I I | i
bin 0 bin 1 bin 2 bin 3 bin 4 = L/ el [ R =
] 05— _

my, VS my, bins
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¥4 Anomalous couplings (cont'd) .

ATLAS-CONF-2017-032

x0.8 T T T T T ¥ L L I L EEL AL ] <
w i ATLAS Preliminary i -~ ATLAS Preliminary -8 £
L H— ZZ* > 4l —95%CLObs - - H-=Z22" >4 — 95% CLObs 1 o
0.6~ 13TeV, 361" * SM - 1 5i 13 TeV, 36.1 fb”! * SM 17
T 95% CLExp | SE T e 95% CLExp
B 7 C -6
04 ] [ =~ E
i ) 0.5- E ¥
f f z s
0.2 — 0 =
i i - =3
i ] —-0.5 -
0 ] . N =2
B q 1= -
i | - 11
-0.21- \ \ \ L _1.5:_ L ! ! ! ! E 0
04 -0.2 0 0.2 -04 0.2 0 0.2 0.4
g &

e Assuming lepton flavor universality. Also considering modification of Higgs-to-Z
coupling (k)

> SM parameters (¢, = e = 0; k = 1) are included within allowed region
> no indication for anomalous couplings
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e Inthe SM, H>Zy proceeds through loop diagrams similar to H-> yy
e with BR of similar magnitude (1.54 x 10-3)

e Various BSM scenarios could lead to a deviating BR
e e.g. composite scalars, new particles in the loop

e Main backgrounds: non-resonant Z + vy, Z + jet (fake photon)
e ATLAS uses BDT to separate signal from backgrounds

e six categories

CERN-EP-2017-095

— T T T fean LI N B B B p
% 025:_ATLAS Simulation Preliminary E E_ ATLAS Preliminary
OFe :‘Ig=1aT"‘VZ »-ee N 3 /5 =13 TeV, 36.1 fi”
— FPP—= =y .. — ee parameterised - [
EN 0.2—m, =125 GeV k B - o
g cLowp  f }... uu parameterised | %
S 015 = 3
= r . o
To01- ] <
C | A
0.05 =
i 00(1): ‘ ' T T :
(.I) OIQQEQHF’W$¢$$ Eaﬂggaggnl!
= -0.01 T -

115 120 125 130 135
m,, [GeV]
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BDT output
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Ny H->Zy (cont'd)

EXPERIMENT

> = | L B B o LI | > 50 T T T T T > E =
8 14: ATLAS Preliminary_, pgta - 38 . ATLAS Preliminary_._pata 18 80 ATLAS Preliminary_,_ pata E
< 120 (s=13TeV,36.116"  _Backgroundfit — — [ Vs=13TeV.36.1%"  —Backgroundfit | ~ 7o 1S=13TeV,36.11"  __Backgroundfit
2 - VBF-enriched i Signalx 20 -2 407 hign refative p, "I Signalx 20 ERR: F eehighp i} Signalx 20 E
= S " -5 G A n 1% g n E
2 r m,=125GeV 4 §£ r m,=125GeV | S = m,=125GeV 1
w - 4w 30j L 50? 7;
. : : 400 E
r 7: 20 i 30 + _E
* A @ ,
TR T 10 i
_ ‘ ‘ . 0 1 0 E
ic L LY T 10 L 20
' o L, u‘i*uh (hb4be T glesy i 0 ‘
« « * ee? o T e e T TTEY S o © LAJ
8 5 o - - S ] S 10F : ——— ‘ : . . - 8 20 ; ; ; ; i ;
115 120 125 130 135 140 145 150 115 120 125 130 135 140 145 150 115 120 125 130 135 140 145 150
m,, [GeV] my, [GeV] m,, [GeV]
> ] > T T T T T T T T T T T T
8 800" ATiAS Fw’rehm{nary; Data‘ ‘ 3 100~ ATLAS Preliminary , pai, N 3 - ATLAS Preliminary o pata ]
~ 700 ys=13TeV, 36.1f5"  — Background fit = - {s=13TeV,36.115"  —Background fit - 91 000fVs=13TeV, 36110 packground fit |
H £ 80 wuhighp, {isignalx20 | £ punlowp, {lisignalx20 |
e e L m,=125GeV | O 800t m,=125GeV |
w L r T L . i
60 - — L ]
N 600 -
400 ~ a00F 7
20 1 2000 ]
— : S — . 07 """JM 1 L\:‘\ " . L I " C: T il SO | | 1 ]
-LE SG | , i_E T T | T | ‘\ | ‘I T l h— L T T T T T T i
T, PR AUV UL T YU T LAY YU B S-S A ED SUSL POC ST S LI SR NP Y TR By 5‘31;*1 W et e
8 SAAIRANLACLLIRE NG L ' £ AT T eet e T Y T T, e o= el TETE Got 1Y o7 geTevte
8-50 1 L I I 1 L 8_10 ‘.|‘.‘\‘.I.\.I.‘\.T‘.‘IT‘.HI‘HH 8_507 \++ L +\ L L L N
115 120 125 130 135 140 145 150 115 120 125 130 135 140 145 150 115 120 125 130 135 140 145 150

m,, [GeV] m,, [GeV] m,, [GeV]

> No signal observed (yet). o -BR(H —» Zy) < 6.6 (c - BR)sy (5.2 exp.) @ 95% CL
> Assuming SM Higgs cross section: BR(H — Zy) < 0.01
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ATLAS

EXPERIMENT

e mViS’ pTu’ m’c’c! m”’ pTTT; Th deCay mOde

359" (13 TeV)
107 '
T | T | T T T T I T II T ;
s 18 "+" (Obs. - bkg./bkg. -
10 14E — (Hor)ibkg. E
0; [ Bkg. unc. ]
5 . |
10 ¥
0.2]
pe—e—e=8T | . .

10*

10?

+ Observed D T
. nT . e,

— H—ott (1=1.06)

log(S/(S+B))

T 05 -o
log(S/(S+B))

CMS PAS HIG-16-043

Four decay mode combinations used: et,, ut,,t,1;, €1
Categories: 0 jet, VBF, boosted
Main backgrounds: Drell-Yan, W/Z+jets, tt, QCD
Global likelihood fit in 2D distributions of discriminating variables in all channels

35.9 b (13 TeV)
> 1800_. T T[T T T T[T T T T [T T T T [T T T T[T
m [ CMS T T T T T ] h
r Obs.-bkg. ] 7
O 1600 Preliminary o Hom-va 1
2] L + —Ho
T 1400 -#- Observed o0k 1 -
0>J L — Moo (u=1.08) Dskg. une. ]
@ 1200 [z 0 13
o [ B weiets —
Q - "
= 1000_—|:|QCDmultlm -
[} [ [Jothers -10f
Q [ [ exq. unc. L L L L L -
g oo Beane 0 50 100 150 200250 300 1
o C GeV)
@ so0f- Ojetiy, (GeV)
w C : ]
£ 400k VBF: Tht? E
(%) E Boosted: et,, HT e, T, E
200F =
E 11 1 1 i 11 1 I 11 1 1 I L1 1 1 I 11 1 1 I 11 1 1 ]
0 50 100 150 200 250 300
m.. (GeV)

> Clear excess at my=125 GeV

29 May 2017
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S/(S+B) weighted events / GeV

35.9fb' (13 TeV)
L LN S o s o o o L LA
: CMS b T T T T T E
— Obs. - bkg.
35: Preliminary ﬁ 3. + *3
- 3F — H1T E
30|+ Observed 2.5 3
E — H-s1t (u=1.06) oF |:|Bkg. unc. 4
25 F [z 1.5F E
Wl weiets 3
F []oco muttijet 0.5k | |
201 [others i
[ ang. unc. 1 . 1 L
15F R 0 50 100 150 200 250 300
s m,. (GeV)
10
5 =
-I 11 1 I 11 1 1 I 11 1 1 I 11 1 1 I L1 1 1 I 11 :
0 50 100 150 200 250 300
m;. (GeV)
31



CMS Preiiminary 35.9 fb' (13TeV) 35.9 b (13 TeV)
——— I A

% 1;\\\\'\\I\‘I\\\‘I\\I \\\\l\\l\‘l\l\‘l\\l; 7| T T T
S 10.; - CMS
&1 : L Preliminary
e i . i
Fog e
- |
-3 et
107 r —_— 0.56 058 N
10*‘% ur,
- B 108 0] ]
10 o,
r . 1.3j’é’.-3337
10°e E -
T A 507 | L Combined
107 %_ i _% I 1.06 Tl;:f'2245
1080 sz s T aae  as iae s T I R |
my, (GeV) Best fit u = o/o_
> Minimum of p-value at m;=125 GeV
CMS (Run 2): n= 1064025 (4.9co0bs., 4.7c exp.)

[ATLAS + CMS (Run 1):  u= 1.12%925 (550)]

=> For the first time, single-experiment sensitivity for a fermionic
decay channel touches 5c level
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e H->bb dominant decay mode in SM, but not yet discovered
e golden channel: associated production with vector boson (W or Z)

e three main categories: no lepton (Z->vv), one lepton (W->1v),
two leptons (Z-> ). Cross check with VZ production.

© T T T T ATLAS Preliminary Vs=13 TeV, [Ldt=13.2fb"
90; - ATLAS Preliminary —Data L B LA s B B Sy B R B B S B B
5 105 Vs =13TeV [Ldt = 13.21b" =é§gggg£1=1-u) I |
w10 =‘?\‘i':?;ﬁt:cpcc bi) — Stat. Tot. ( Stat. Syst.)
10 I Z+(bb,be,cc,bl) 2 lepton | -0.24* g:gg (+ 8:23 tgzgg) |
10°
© tlopton -~ b—e—- 0257025 (*08 “087) -
102
10 Olepton | k—e— 0471085 (1823 *042)
;
e = ination —  k-e=d 051 (+036 +0.36) _|
2 2; T T T T T I\ T T E Combination 0'21t0.50 (t0.35 t0.36)
E OE JI. _+_ f ...Jf.......T _+_._ S = E PRI ! P T L TR I N R R |
E gt vz s & 810
' T T g ysm Best fit p=o/c_, for m =125 GeV
> Not yet exceeding Run 1 sensitivity ATLAS Run 2: w= 021152} (0.420)
. . . _ +0.29
> Wait for analysis of full 2016 dataset [ [ATLAS +CMS (Run1):  p= 0.69703; (2.6 0)]
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ATLAS

EXPERIMENT

CMS PAS HIG-17-010 NEI/I/
f

e Inclusive search for H>bb in gluon fusion traditionally considered hopeless B/Oi8207 7r,
e overwhelming multi-jet background

e New idea: inclusive Higgs search at very high p; [e.g. JHEPOS (2014) 022]
e "boosted topology"
e Dboth b'sin a single jet & substructure b
e recoiling quark or gluon jet

H
e Methodology:

e reconstruct H decay products as one AKS jet alg

pr> 450 GeV
e double b-tag within jet double-b tag
o soft drop algorithm to reconstruct mass 1 ] pess
double-b tag = 0.9 ——

e Background estimation using control region v “fail”

of events with jets failing double b-tag /—> mso

PT
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Ny H>bb boosted (cont'd)

EXPERIMENT

3
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H
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10? 35.9 b7 (13 TeV) 359" (13 TeV)
= T e e e S e A i s e s s B cMS - y
() r ] E E Prelimina 3597 (13 Te
(0] 500 SM’S 450 <p, <1000 GeV _'._'""é“" 4 8 F CMS_ 450 <p_< 1000 GeV _'.:."é"' J —~ 167 ‘7. T T .(| 7 ‘\{)
~ o | TEUMINATY  yobleblag <09 -eefl ] ~ 70005 Preliminary . victiag>08 4 & £y : 3
7 - -“'Pl"ﬂutlfl;IJeEllack round . @ E -“'PI",‘IUthIIJeEIt kg d ] 'tg 14 . ]
. r ]
2 4001~ WHED) 4 2 so0of mHpy oo 4 = L 1
o L + Data ] ) - + Data 3 > 12 J
@ sool 1 @ 50000 4 2 “t .
- E - 1 <9 4oF
- 1 4000F- 4 «~ 1°F ]
C ] E = 5 C ]
200[- . 3000F- = 81 =
- 1 2000 = 65 =
100— ] E 7 C ; ]
- . 1000 - — —
E - a e - 4 C st + syst.”
0 .......... R AT & D:. aaaaaa = . -
= 60F ; : — & 2- ===gtat. only -
+ + 10 C 3
g, © M 1 £ %0 2 6 "8 10
g 201 _.4 44 Z N g : - B u
I 0 ‘-.J B i’q..u ‘ : : ‘ | H
§ 40 60 80 100 120 140 160 180 200 § ~%0 B0 80 100 120 140 160 180_ 200
mgp (GeV) mgp (GeV)

e Clear observation of resonant Z signal (standard candle)
o uy=0.781523 515 (5.80 expected)
>  proof of principle

e Higgs boson searched in the same distribution
o uy=232%180 156 (0.76 expected)

> Novel analysis. Very promising technique
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Entries / GeV

Pull

ATLAS-CONF-2017-014

e Yukawa coupling of 2" generation fermion. SM predicts very small BR (2.18x104).
e Clean experimental signature. Main background: Drell-Yan
e Six categories for gluon fusion, two for VBF

10000~ ATLAS Preliminary g B aATLAS Prefiminay 1
. Non-central medium p_ M (s=13TeV, 36.1 b 1 3 30:_ VBF tight [s=13TeV,36.1 " 7
8000k y2/ndof = 34.9/48 -~ 2 = y¥ndof = 30.7/48 ]
B —e— Data ] '-ﬁ 25; —e— Data 7:
6000/— Background model _| C Background model 3
- —— Signal [125]x 20 - 20¢ —— Signal [125] x20 u= —0.14+ 1.5
4000} - ggF || 1 * VBF [H| u<3.00bs.(3.1exp.)
C ] 10 -
2000 — - * + 1
B ] 5 ]
45 E aF
2 pat Wogid = 2
L R B PR +++* bl ** S HE
2k 3 oh e
-4E E —4E
110 115 120 125 130 135 140 145 150 155 160 110 115 120 125 130 135 140 145 150 155 160
my, [GeV] m,, [GeV]

> Channel gradually comes into reach - hope for 3c sensitivity before HL-LHC
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(NP ttH: bb channel

EXPERIMENT

ATLAS-CONF-2016-080 | | CMS PAS HIG-16-038

e Allows direct measurement of top quark Yukawa coupling. Very challenging.
e ttH(—>bb) analysis:

e two-stage multivariate approach (ATLAS), BDT + matrix element (CMS)
11.4- 129fb‘1 (13 TeV)

PNl L B e e e o

S 10°F . | &

o E ATLAS  Preliminary -+-Data E pa] CMS Prelfmmary + data

23 - _ -1 3 _, . —~ n =
S [ \s=13TeV, 13.20 tEH (”95% excl,_4'0) - 2 10¢| lepton+jets, dilepton - tE'H (igm =1.0) |
5 10t Wt @ =21) S combined . tEH (0= -0.19)

2 [C]Background E & Background
o 7/, Bkgd. Unc. . 1081 Bkgd. Unc
10 - Bkgd. (u=0fit) g
10k - 107}
102 {TH (bB) Combined _ 10t | |
£ Dilepton and Single Lepton E
" Post-fit .

i [ e | R - } } } ;
o2 + £ 55l ]
® 15 — o 20
e =L el o 151 1 i
o 1 5 1.0 =gy ¢
5 E ] c 0.5 - . !

o B85 3 25 =2 495 1 05 -2.0 05
log, (S/B) 10g10 [S/B] (preflt expected)

ATLAS: p = 2.1102(stat.)¥d9(syst.) ; CMS: p = —0.191043(stat. ) 1088(syst.)
e Increasing role of systematlc uncertainties
e No clear evidence for ttH(-=>bb) yet - wait for results from full 2016 dataset
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ATLAS

EXPERIMENT

ATLAS-CONF-2016-058 CMS PAS HIG-17-004 :n FMS Protiminary ‘ 35.‘9 fb‘1‘(13 szV)

E 120 TDZ?:t_:t\S\?ZM pggdli\lcct)ir?-rgrompl —

e ttH with mainly HOWW, ZZ, 1 Yo Ew EvWanal"

o for CMS, events with >1 1, go into 80; ]
separate analysis (CMS PAS HIG-17-003) \.F

e Select events with £££* or >31, plus jets
and btags

e Main backgrounds:
o tt+W/Z/vy production

o tt+jets g
e Signal extraction strategies: §
e ATLAS: counting experiment
BDT (ttH,t/ttV) bi
- CMS: BDT approach for 2¢ and 3t Ittt
i Vpiaopi® Do e
Cren Mo Do
ATLAS (13.2fb") p= 25 13 (2.20) 7 o vy
CMS (359fb"); pn= 1.5+05 (3.30) ' + \ >

> “Evidence" for ttH production from a single channel
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|ATLAS

EXPE

RIMENT

ttH: combination

TS Py o e tH production
reliminary \s= eV, 13.2-13. i
Y LHC Run'1 —— 2.3%07
—total ~stat. (tot.) (stat., syst.) JHEP 08 (2016) 045 0.6
ttH(H— I—e——]| . 1.2 412 402 CMS Run?2
(13 TeV 1{3.3 fb"Y'Y)) : 0.3 Y5 (lio, 2 ) Protminay |
YY e e— 2_2 +0.9 .
ttH(H->WW/t1/Z2) —e—— 25 "7 (17,54 ) HIGA6.080, 3671 | 0s | |(3.30)
(13Tev13.2f™) 4 | s 5d N 0.0 +1.2
+1.0 +0.5 +0.9 HIG-16-041,36 6| 1 -0.0
ttH(H—bb) === 2.1 ‘09 ( 051 07 ) _
(13 TeV 13.216™) ’ ' ’ bb — -0.2 +08
bbb bbbl bbb bbbl bbb bbbl bbbl HIG-16-038, 131" |
I +0.7 +0.4 +0.6 H
ttH combination Fe 1.8 *07 (T04. o5 ) muI’:Eﬂ:a;:g S 1.5205 | [(3.30)
X +0.6
ttH combination N 1.7 fgg ( :'3'5‘5 , fgg ) T X,1 et 0.7 05 (140’)
(7-8TeV, 4.5-20.3 fb") T T B .| L ! L .| ) HIG-17-003,36f0 |, | | 4 4 | | T | PN TN N YN N TSN N Y SR
0 2 4 6 8 10 -1 0 T2 3 4 5

best fit Mo for m =125 GeV Signal strength relative to SM prediction

e ATLAS performed combination of all channels at level of ~13 fb-"
> Run 1+ Run 2 results are in good agreement, similar sensitivity

e CMS also measured ttH in additional channels

also ttH(=>yy) gives >3c

e Looking forward to full 2016 ttH combination

ATLAS-CONF-2016-068
CMS PAS HIG-17-003

CMS PAS HIG-16-040
CMS PAS HIG-16-041

CMS PAS HIG-16-038
39

>
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|ATLAS

EXPERIMENT

e Run 1 has established the essential finger print of the Higgs boson
e agrees with SM, although BSM Higgs sector or couplings not excluded

e The first ~40 fb-? of Run 2 @ 13 TeV have already effected big impact

e Improved sensitivity to couplings & other properties already visible
e many new ideas & methods
e not all analyses yet at full 2016 statistics = much more to come

e Since end of April, beams are back circulating in the LHC
e First stable beams last Tuesday

w=

e Scrubbing planned for next week g %
e Physics run planned to start very soon ;gu i
(2nd week of June) 8o
24

e Target: 90 fb-! (2017+2018) oT
28

0

g

N
o
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@ Higgs properties in the
iV parallel session (Wed 31 May)

EXPERIMENT

1tH/tH/tWH production
Speaker: Marco Zaro (LPTHE, Paris)

Measurement of Higgs boson cross sectlons and couplings In ATLAS
Speaker: Giada Mancini (Istituto Nazionale Fisica Nucleare - Laboratori Nazionali di Frascati (IT) and Universita di Roma "Tor Vergata")

Higgs boson transverse momentum
Speaker- Emanuele Bagnaschi (DESY Hamburg)

Measurement of the Higgs propertles In bosonlc decay channels at 13 TeV In ATLAS
Speaker: Bijan Haney (University of Pennsylvania (US))

Searches for h(125) BSM properties In CMS

Speaker: Teresa Lenz (Deutsches Elektronen-Synchrotron (DE))

Searches for BSM Higgs bosons In ATLAS

Speaker: Denys Denysiuk (CEA/IRFU Centre d'etude de Saclay Gif-sur-Yvette (FR))

Searches for BSM Higgs bosons In CMS
Speaker: Dr. Pietro Vischia (Universidad de Oviedo (ES))

VBF productlon of Higgs boson palrs
Speaker: Fady Bishra (u. of 0xford)

s3ssss8sef
B BB A BREAE
teerettefs
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ATLAS-CONF-2016-112

\\\lllll\\\‘\!
- ATLAS Prelimina
100 ys=13TeV, 581"
F H—=WW — eu+ne

LI s s e B B B

77 SM (sys)

W 7 +jets

B other Vv
[JOther Higgs

HVBF

« 120f

electron 80
ATLD2

e Strong backgrounds from Drell-Yan and di-boson g 0
processes % 300
o searchin e*u- and eu* final states @ 250

e VBF and VH processes 200 =
e Signal extraction from BDT, backgrounds 150
estimated in CR 100

ATLAS: pypr = 17113  5.8fb
3 2+4-.4- “
e—4.2

Uy H
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e a——
02 04 06 038 1
BDT score

I I T
ATLAS Preliminary E Data
s=13TeV, 5.81 fb!
H—WW —epn+ue (VBF)

50

I
ZZ sM (sys)
. Z+jets
B other v
l:l Other Higgs
D HVBF
20

-
[9)]

\l\JJI|II\JII\‘\I|||I\\JIL\

1))

Rescaled y-axis for SR2
=N
o

SR2
BDT>07

Fit regions
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CMS PAS HIG-16-003

e Search for SM Higgs boson in a fully hadronic final state!
e challenging trigger + backgrounds

9

CMS Preliminary 13 TeV CMS Preliminary 232M0"(13TeV) | 7, CMS Preliminary 1985 (#Tev)+ 232 T'f1|(.1.3T.T\'.?
%no 12; RARNRRRNRRRRRRERRERY EH?Z; Glev1 T E 100§— C-AT[;{ata < 65 \éiFVH; o ;‘d - ' &
= U C oubleB selection ] o o (mH:1ZSGeV) <] __— e Serve -
Z r —— Regressed + FSR ] f % § o2 ---- Bkg. N L : ?;?:VEéizcetrided ]
© 0.1 —a Raw 4 o 80F [ -- QCD ! [ --- 13TeV Expected 7
X T PEAK = 122.6 ] g : IR [ 20 bkg. unc. 5—_—BTeV+13Tevdbserved \ -
< . Ptk - 35 1 1 E 7oF T 17 bkg. unc [ --- 8TeV + 13TeV Expected | 1
— 0.08? Ak - 110 . 60; ‘“-\,% § %} ‘F 4omct \ | __,;
r FWHM = 33.0 ] 505 + h ‘%:F%# ++ B ! 7
0.06 - - = + g ; E
: : 40:— 1 1 P I + Il B Il‘l L0 ‘ 3; .“,'I E
0.041 1 & 2 oL ]
i 1 @ 10f { . n
002_ ] ! 03 -+ 1111t -——-Tr--"1 -3 t-s-Fr-17-"-""4 1 L 68% CL n:' i
L - S E 1 _____ ‘: |
L A 1 & -0 + C i ]
T R S | | | | | : ]
T T R T Lol bl NN Lovalaaady]
M, (GeV) oo me e w0 Gevy) 12108 6 4 20 2 4 6 8
u
e Regression of jet p; = improves mass resolution
e Event classification with BDT Run 1: 0= z_gj%-g
e Combination of 2012 + 2015 data Run 2 (2015): pu= _3_73-‘5L
e Further improvement expected with 2016 data Combined: w= 13%3%
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Il VBF H>bb with photon

EXPERIMENT

ATLAS-CONF-2016-063

e Dramatic enhancement of signal / background
ratio through requirement of additional
hard photon

e Destructive interference in central photon
background processes

e FEasy triggering: y (pt>25 GeV) + 4 jets

2 ATLAS Prellmlnary ——Data - 13 'ATLAS Preliminary —+—Daia " """
. ) ) O 1800 [5_13TeV, 1261 _2?{8@%’,”“"* g Vs =13 TeV, 126fb1-§EiF;:§E§)+“m_
e Simultaneous fit of m,, in three < o LowsoT ZonEwo 3 T eof High BOT s Noncs Bk
. "2 — Uncertainty € —— Uncertainty
BDT intervals (two are shown) ¢ 2 _
low S/B high S/B

o]
o

H+vy: p= —3.928
Z+y: u= 034+0.8

@
o

N
=1

[y+]
o

0 0= R
2 03k 2 o3 .
» o £ 32 S % . NhE
> Very promising sensitivity 2 0 % o) | e
. . S0 T Sl T
> Complementary to inclusive _Ozo 700180 200 250 300 350 400 4b( 60 80; 100 120 140 160 180 200 220 240
My, [GeV] my, [GeV]

analysis
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AS#4 LHC Schedule 2017

EXPERIMENT

LHC schedule 2017

a new
production year

~45fb_1 (final goal on March 1)

keeping the LHC availability
close to 50% (stable beams)

HAENEHEHE

July Aug
27 28 2% 0 | a1

Initially 15 days of MD; later
during 2017 according
integrated luminosity : + 3 days ?

clelx 22|22 ]E
S

Special runs: VdM scans,... L Nov
and see slide 24

srz;;;‘gl;

Status of LHC machine and plans
LHCC
Frédérick Bordry 46
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ATLAS

EXPERIMENT

Run 2 and Run 3 lon runs end of 2018 (Pb-Pb)
o

2015 2016 2017 2018

M|J|1|A|S M|J|J|AIS M|J[1|A|S

2. 300 fb-! (14 TeV ?)

Shutdown/Technical stop >120 fb-! (13 TeV)
Protons physics
Commissioning
Ions
2019

2020 2021 2022 2023

29 May 2017

M[I|I]|A|lS M[J]]]A|S

Status of LHC machine and plans
LHCC

Frédénick Bordry
22nd February 2017
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Iy LHC full schedule

EXPERIMENT

o
) LHC . HL-LHC )
Run 1 | Run 2 | | Run 3 :
LS1 EYETS 14 TeV LS3 14 Te¥
13-14 Te¥ - BNEgY
splice coneolidatlon inpector upgrade i ST
B TV button collimato Paint 4 limil HL-LHG installatio rominal
7 TeV R2E project Civil Eng, P1-PS E’E”""“M e ety

20146 anpd

2 n reamingl [urmingeEty .

phasa 1 phasa 2

oo e

T experiment rmirel I expariment upgrade | p——-— 1 experiment upgrade
ngl beam pipes I—/’_ﬁt’—

i
¥
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ATLAS B '«

EXPERIMENT

parameters

Production Loops Interference Multiplicative factor
° alggF) v b—t xé ~ 1.06. xf +0.01 - xﬁ — 0.07 - k,ky,
o (VBF) - - ~ 0743y +0.26- k3
o (WH) - - ~ Ky
oc(gq/ge — ZH) - - ~ x%
o(gg — ZH) v Z-1t ~ 22745 +0.37 .k — 1.64 - kyk,
a(ttH) - - ~ xf
o(gh — WiH) - W—t ~ 1844+ 1.57 - kg — 241 - k iy
o(gh — tHq) - Wt ~ 3.4k} +3.56- kg — 5.96 - KKy
o (bbH) - - ~ K
Partial decay width
22 _ _ N xﬁ
rw _ _ N K%.r
" v Wt Ko~ 1.59 - kqy +0.07 - iy — 0.66 - ky &,
a B B _ KE
rob - - ~ K
e - - ~ xi
Total width for BRggyy = 0
0.57 - kp +0.22- iy +0.09 - &+
Ty v - ki~ +0.06-k2+0.03- &5 +0.03- &2+

+0.0023 - & + 0.0016 - k7,+

+0.0001 -é +0.00022 - &;

29 May 2017
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Pseudoexperiments
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|ATLAS Spin and parity

EXPERIMENT

CMS 19.7 " (8 TeV) + 5.1 i (7 TeV)

:|_|—| TTTT | TTTT I TTTT | TTTT | TTTT | TTTT | TTTT | T 14
01l g — X(1) = ZZ + WW ]
' - — Observed .
ooal. EHO —
0B e i
0.061- -
0.04 .
0.02F .
0 I ‘1\ e ]

35790 10 0 i0 2050 "o

2xIn(L, /Ly)

ATLAS arXiv:1506.05669v2,
Eur.Phys.J. C75 (2015) 476

CMS PAS HIG-14-018, Phys.Rev.
D92 (2015) 012004

29 May 2017

CMS X = ZZ + WW 19.7 (8 TeV) + 5.1 fb " (7 TeV)
-o- Observed ---Expected

r M0 th [ K3 T e e
- 0+ =+ 20 -JP + 20- | H H H H H H H H H H H H

g production ¢ production

R. Mankel; Higgs couplings & properties (ATLAS + CMS) 50



£

arq Boson- vs fermion-mediation

EXPERIMENT

e Compare production processes
associated with Higgs couplings to
e vector bosons (VBF, VH)
o fermions (ggF, ttH)

-ATLAS and CMS I -
3__LHC Run 1 DH—)ZZ 7

VBF+VH

f

,,1.

s BR/ 2}

W=
(BR )gy-

e 10 parameter fit of H{;BHVH and
“ggF+ttHin the 5 decay modes

e Good agreement with SM

f _..f _ i |
(Wyprive = Hggr+ttH = 1) - |
[ —68%CL + Bestfit ]

0 1 2 3

* SM expected
1 1 1 1 |
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iy H>ZZ*2>4 £ (cont'd)

EXPERIMENT

e Varying purity and production profiles in categories

ATLAS-CONF-2017-032

Final state  SM Higgs Zz Z + jets, tf Expected Observed
WZ, nvV, VvV
4u 201 £2.1 9.8=+05 1.3+0.3 312£22 33
4e 10612 44+04 1.3+02 163+1.3 16

2e2u 142+14 7.1=+04 1.0+0.2 223+ 15 32
2u2e 10812 46+04 1.4+0.2 168+ 1.3 21

Total 56+6 259+ 1.5 50+0.6 87+6 102
CMS Preliminary 35.9 b (13 TeV)
H
(Wpiclolsl-Telll 39.68 exp. events = g/%F
. B \WH, W—X
NS © 44 exp. events B WH, Wiy
tagged ZH, Z—-X
VEF-Zjet g exp. events B ZH, 72521
tagged iH, 074X
VH-hadronic [ ] tEH, tE%1.’+X
EEES 203 exp. events B TH, 204X
Vit-leptonic JIEW exp. events
tagged
VH-MET
tagged 0.12 exp. events

ttH tagged [UASUCHCACIT: i

0 01 02 03 04 05 06 07 08 09 1
signal fraction

29 May 2017 R. Mankel; Higgs couplings & properties (ATLAS + CMS) 52



£

¥y Vector vs fermion coupling

EXPERIMENT

3
5
8
]
H
i
£
8

e Vector vs fermion coupling (assume e Cross sections in H>yy and ZZ
no new particles in the loops)
Run 2 (ZZ* only) ATLAS Preliminary m,=125.09 GeV
3 s=13 TeV, 13.3 b (yy), 14.8 b (22)
L T T 1 T T T: T
< - ATLAS Prl;liminary : | ' | ] -8 Observed 68% CL SM Prediction
- ] .
2.5—H-> 272" - 4l - (0 Blige &
L -1 | B N
C 13 TeV, 148 fth ] ©- B);F -
ol my = 125.09 GeV B B B
- ] (0-B)Z S
1.5 - (¢ -B)" ——
- -} Best fit ] e i
T —68%CL : ] (0B, . —_—
1|~ == 95% CL t . - 5
: d'}l SM : : (G ’ B);Llep ®
0.5__ ] {G.B);f;’p ——
~ T ‘Il\l\ll‘ll\l\ll‘ll\l\
N ] 4 2 0 2 4 6
0 | | | | | | | | | | | | | | | | | | |
0 0.5 1 1.5 2

Parameter value norm. to SM value
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£

iy Run 2 width measurement

EXPERIMENT

e Using on-shell production - no assumptions needed regarding BSM particles or
interactions

e Mass resolution ~GeV - allow for signal/background interference

CMS Preliminary 3597 (13 TeV)

—IIII|IIII|IIII|IIII|III|IIII||,1'

CMS Freliminary 359 (13 TeV)

o

-2 AlnL

Th[GeV]
2 AlnL

] [9%]

=y

0 2 0
123 124 125 126 127

m, [GeV]

e [<1.10GeV (SM:Ty~4 MeV)
e less stringent than indirect limit from off-shell production (17.4 MeV) [PLB736 (2014) 64]
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Anomalous VVH couplings

e HVV scattering amplitude: three tensor structures
e including a form factor expansion within the first structure

kgl 1V YV (g +g2)? (1) o +(1) 7+ (2)
- qlwz;._ 2 2 > M1 ev16v, +ay " f;u }f (2)op ﬂgwf ;n{,:r ]f @)
(A7) (a%)

Q

a}w +

e Translation between couplings in different formulations

couplings in PO formulation couplings in AC or EFT formulation

Z
v mz
K7z 5 (al — ZW Cos cpm)
€77 vas
EE‘; vas ]
o z
€ZfR Z (A, €08 Pa1 + EEZT cns¢
Jﬂ'l'
EZJ(L _g£ —{—FCUS(PJ-\] +EHE_CDS(P
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£

7Yy Anomalous VVH couplings

EXPERIMENT

Parameter Observed Expected
fa3 cOS(a3) 0.30753; [—0.45,0.66] 0.0007 017 [—0.32,0.32]
fa2cos(¢pa2)  0.0475 5, [—0.69, —0.64] U [—0.04,0.64] 0.00075 ;3 [—0.08,0.29]
fa1cos(Ppar) 0.0070:% [—0.92,0.15] 0.000+0:01% [~0.79,0.15]
[ )

FAy cos(¢])

0.167052 [—0.43,0.80]

0.000) 055 [—0.49,0.80

29 May 2017
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ATLAS-CONF-2016-079

e Effective field theory approach: Higgs characterization model (P. Artoisenet et al.,
JHEP 11 (2013) 043)

e determine BSM couplings «y (0*) and x4 (07), from H decay variables
°  assume Kyyy = Kpww = Kpzz @nd Kayy = Kaww = Kazz

L I B et 12

) ) 2 [ ATLAS Preliminary 3 [ ATLAS Proliminary i

= L —Ob d . = L —Ob d |

9 Mlld tenS|On Cg 10 H— ZZ* = 4 serve “." ] cg 10 HIH 77* 5 4] serve I,‘" a
of Kuvy with SM 13TV, 1480 - Expected ; 19'[-.:3"’"4'8")" ..... Expacted ]
(agreement | " S
within 2.1 &) N

allowed

> No significant ]

deviation from SM T I - |
observed ol L Ll .“."l--r.ulj L_;,g‘i"f.\m/| L] ol N l e

]
T8 8 =Ty =5 0 5 10

Kuwy Kpyy Sin(or)

Table 13: Observed and expected limits at 95% CL on kgyy and k4yy - sina.

Not excluded KHVV KAVY * SIN v
range at 95% CL | expected observed | expected observed

[-6.3.5.1] [0.9,7.5] | [-6.3,6.5] [-9.7.11.0]

29 May 2017 R. Mankel; Higgs couplings & properties (ATLAS + CMS) 57




3
5
3
]
H
<t
A £
8

EXPERIMENT

Four decay mode combinations used: et,, ut,,t,1;, €1

)
e Categories: 0 jet, VBF, boosted
e Main backgrounds: Drell-Yan, W/Z+jets, tt, QCD
e Discriminating variables: m,, m_,
- R
CMS  Preliminary 1,7, Boosted 2016, 35.9 fo! (13 TeV) @ el 3591 (13TeV)
'_g 10° Pz >0 GeV ) E P> 100 GeV ) E pr> 170 Ge\lf I pr > 306 GeV CICJ ; ¢ Observed
5 , : H H Lﬁ 100k [Jeun
"g 10 e,
= r Juv,
o 10? 10%E IR
10 : Signal
: 10°E
1 :
10 =4 Observed [ |Z—1,1, [ DY others [ fi+jets [ Diboson 102 _
I W+jets [ | QCD multijet — H—tt 125 (X1.06) :
10—2 o M o o [l | M o [l o pn — 5 [l 10__
— P e — T S SIS S— —rp—r—r T ..... 3
Q - | - T - 1. 1.0l i ] 9 '+|: F
| R 7 S
'8 _ ol II.-”-""-“-""I‘-W-.F:.-.""I .". e g EEEEE el .-“-.".[
e 2 S50 NED0 200050 RB00220,550C R0002580555200082 . | .
Q8080300305598 80030305598083004305598 8008085 1073 -2 = 0
2 Sor-gon2g SS-Non 2 SoC-goL 23 sor-don 2
=] =] =] =] log(S/S+B)
m.. (GeV)
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£

¥y H->11: categories & variables

EXPERIMENT

Table 2: Category selection and variables used to build the two dimensional kinematical dis-
tributions. The events not selected in the O-jet nor VBF category are included in the boosted

category.
Selection
O-jet | VBE | Boosted
eu | Nojet 2jets, mj; > 300 GeV Others
ut, | Nojet > 2jets, mj; > 300GeV, pf* > 50GeV, pf > 40GeV | Others
et | Nojet > 2jets, mjj > 300GeV, ptt > 50 GeV Others
T | Nojet > 2jets, pt* > 100GeV, Ap;; > 2.5 Others
Variables
ep | pL myis Mjj, Mex pTT, e
Ul | T decay mode, 1miy;s Mijj, Myt P Mt
eT, | Ty decay mode, myis | mjj, Mg pPT s Mot
ThTh | Mzt Mjj, Myt P, gy
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ATLAS

EXPERIMENT

e Cross check with standard candle (ATLAS):
e VZ production
o Hyz =0.9140.17 (stat.)T32(syst.)
e VZ signal observed with 3.0c significance

e VHbb production:
o ATLAS: n=0.21%32} (0.420)
e CMS(Run1): p=10+05(2.10c)
o "(#VBF,ttH): pu= 1.03%3%2 (2.60)
e Sensitivity still significantly below 3c
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il VBF Hbb

EXPERIMENT

e m,, in different Categories

CMS Preliminary 232 /7 (13TeV) CMS FPreliminary 2.32 ' (13TeV)
I?:i 4500] (m, = 125 Gev) E; {m, =125 Gev)
& A000FEG, - QCh a o -
= L. [ 2 bkg. unc. c o __{: [ 20 bkg. unc.
E 3500) e [ # bkg. unc. El [ % bkg. unc.
3000]
2500]
2000E. .
2 2
Z 1o =
s s
8 “m a
=
CMS Freliminary
=
8 100
o (m =125 G&V)
: [} e
a . --— Bkg.
] =0 T --- QCD
b= + [ 2rF bkg. unc.
2 n Fed” [ bg. unc.
s T,
&0 = ~+__‘_ _]J:
@ t %’-]:‘}*ﬁ ‘H‘+
aoby st
20
§ 10
é 0 B S i S Y Tk dal o) st ainlata ale = = 1
® -0
(=]
sl = I T R R L
50 100 120 140 180 180 200
m,, (GeV)
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EXPERIMENT

o ttH(—>11):
e atleast 1 hadronic Tt decay
e significance 1.4c (1.8c exp.)

CMS PAS HIG-17-003

29 May 2017

CMS Freliminary

35.9 i (13 TeV)

Best fit 1= 0!-:55"

R. Mankel; Higgs couplings & properties (ATLAS + CMS)

11421,

- 1.50
p=-1 '20‘-'1.47

2lss+1r,
- .78
H= D'Bsﬁas

3+,

— +1.33
H= 1'22-1.01

121,
w=206 (3.4 exp)

2lss+1r,

p=24(14exp)

31+,
p=40 (2.7 exp)

Combined
p=2.0(1.1 exp)

0

CMS Preliminary

35917 (13 TeV)

-8 Observed
-+ Expected
[ +1o Expected

+2¢ Expected
[

5

10

85% CL upper limiton pu= mfo“
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