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The Higgs Boson 2 \/_uz
SM: L N

Scalar sector = single SU(2) doublet -
— acquires VEV v~246 GeV:

 EWSB, Gauge boson masses . / \V

J
* Fermion masses through Yukawa couplings —400  -200 200 400
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— One physical scalar left over: Higgs boson
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Only one parameter specific to Higgs physics: m,, ~ 125 GeV
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There is a Higgs boson! Is it THE Higgs boson ?
What have we learned since then ?
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LHC

* Runl:
— Vs =7TeV (~5 fbo)
— s =8TeV (~20 fb)
* Run 2
— Vs =13 TeV. ~100 fb' expected,
~35 fb! so far (2015 + 2016)
— Excellent LHC performance in 2015-16
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— Peak lumi 1.4 x 10* cm s, exceeds LHC design!
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nggs produchon af the LHC  ciuon Fusion (ggp
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* Mainly ggF production, but many associate prod. modes also accessible
* 56 observation of VBF in Run 1, large significance also for {tH 5


http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-15-002/index.html

Higgs production at the LHC
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* Run 1 : excellent agreement with SM,
ttH 2.36 higher than expected

* Run 2 : Increased production cross-
sections from 8 to 13 TeV :

x 2.3 for ggF,
x 3.8 for ttH

J. High Energy Phys. 08 (2016) 045
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http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-15-002/index.html
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What do we wanf to know ?

* H(125) Properties : is it the SM Higgs ?

— “Couplings measurements” : i-H—f
yields, kinematics

— Possible indirect evidence for new physics
* Couplings to gauge bosons — EWSB

* Yukawa couplings
— TtH higher, H-bb lower (-2.56) than SM ?

* Spin/CP

* Framework for comparison with the SM
— Mass, width, lineshape
— Higgs potential, A

* Direct evidence for New Physics ?
— Other Higgs bosons ?
— Exotic decays
— Production in association with new particles
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H=yy, H=ZZ" -4l I3

Cross-Section Measurements




ATLAS-CONF-2016-067 CMS-PAS-HIG-16-020

H—yy

« Simple signature: 2 isolated photons

* BR ~ 0.2% but large acceptance = sizable yield (~600 reco eventsin 13 fbo')

 §/B ~ 3% = Identify favorable regions
— ATLAS: Higgs p,. phofonn

CMS Preﬁmmary 12 9 fb (13 TeV)
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-020/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-067/

H—-vyy Couplings Results SV PRSI 10020

ATLAS-CONF-2016-067

* Results for all 5 main production modes
— Excellent agreement with SM
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Run 2
* New ggF N3LO computation : J. High Energ. Phys. (2016) 058
» +3% change in 6 Experimental precision

* QCD perturbative uncertainties ~7.8% = 3.8%  now needs to caich
* PDF+a, uncertainties: ~7% — 3.2% up with theory! ;


https://inspirehep.net/record/1419073
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-020/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-067/

H=Z22"- 4l

* Require 4 leptons
— o, reach down to 3(7) GeV for p(e)

Events / 2 GeV

« Small yield (~60 exp. reco evis in 35 flo')
but large S/B ~ 2.

* Separate categories for

— production modes

— final states (4u/2u2e/4e)
o fit MVAs (+m,, for CMS)
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ATLAS-CONF-2016-079

CMS Preliminary

CMS-PAS-HIG-16-041

3591 (13 TeV)

0 80

e Data

[] H(125)

[(] q9—ZZ, Zy*
M 99—2Z, Zy*

Il Z+X

90 100 110 120 130 140 150 160 170

CMS Preliminary

m,, (GeV)

3597 (13 TeV)

* 4e
- 4
- 2e2u

—e— untagged
—— VBF-1j tagged
—— VBF-2j tagged

—— VH-hadr. tagged
—=— VH-lept. tagged
—=- VH-MET tagged
—4— ttH tagged

o
Events / bin

—

0.8

0.6

0.4

0.2


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-079/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-041/index.html

CMS-PAS-HIG-16-041

H—=Z2Z" -4l COUp|IngS results ATLAS-CONF-2016-079

* ATLAS:
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All in excellent agreement with the SM
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-079/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-041/index.html

H—ZZ and H—=yy Fiducial results

* Report cross-sections in fiducial regions matching
reco acceptance = lower model-dependence

* ATLAS H-vy : report o in VBF-like and VH-like

(lepton) regions

ATLAS H—syy

ATLAS-CONF-2016-067

Fiducial region | Measured cross section (fb) SM prediction (fb)
Baseline 43.2 4+ 14.9 (stat.) £ 4.9 (syst.) | 62.8777 [N°LO + XH]
VBF-enhanced | 4.0 £ 1.4 (stat.) £0.7(syst.) | 2.04+0.13 [NNLOPS + XH]|
single lepton 1.5+ 0.8 (stat.) £ 0.2 (syst.) | 0.56 £0.03 [NNLOPS + XH]
o) N L S B
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ATLAS-CONF-2016-081

All in agreement with the SM!
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-081/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-041/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-067/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-015/index.html

CMS-PAS-HIG-16-041

H—=yy/ZZ Differential Results

ATLAS-CONF-2016-067

* Report fiducial o in bins of given variables = Differential cross-sections
- Variables considered: p,", N, 1-jet and 2-jef kinematic variables
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All in agreement with the SM!

No large deviations from SM — how best to quantify them ?
15


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-041/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-015/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-067/

H=yy, H=2Z42" -4l |
Couplings Measurement



K Frqmework JHEP 08 (2016) 045

YR3 Section 10.2
In Run 1, Higgs couplings interpreted within the “k-framework”:

* K, modifiers for all Hxx vertices
* also ¥, and k for effective ggH and Hyy loops, k,, for Higgs total width
* “LO-inspired” scaling for i=H—=f (Use the best available SM prediction for x=1)

o ATLAS and CMS -8 ATLAS+CMS
Kb .0 LHC Run 1 = ATLAS
> -+ CMS
_____ P N i =—1cinterval
KZ - i — 26 intervall
— —
b, T, 1 — :
W, Z K -.'-
W .
Ik el
Ksz B g
. _ N K \ E
O(IQH)'B(H_)]C) — > [OSM(I_)H)'BSM(H_)”] K, - T
Ky ——
-
Run 1: “Resolved loops” (no K, and Ky): - <l — E
| I | | | L1 | | | | | I I | | | | | L1
* Good agreement with all SM couplings =2 10 bl 3
arameter value
« slightly low Same conclusion when including k and k. 17



http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-15-002/index.html

Kk Framework : Run 1 “PR Plot” JHEP 08 (2016) 045
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http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-15-002/index.html

Run 2 x-framework Results
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Beyond the k¥ Framework

G, PR
* Pros # ﬂw?,:rs
— Easy to implement O R S
— Well-defined near the SM limit x — 1 g
RIS
g L oL —

%20 20 60 80 100 120 140 160 180 200
pl! [GeV]

* Cons:
— Depends on reference SM prediction (NNLO vs. N3LO)

— Only well-defined at LO

* Scaling inspired by LO diagrams, cannoft be systematically
extended to higher orders
—e.Q. breaks gauge symmetries = Divergences

— Does not include interactions not already in the SM
* CP-odd operators

* Non-SM tensor structures

= e.g. ho freedom for shape deviations in diff. meczlsurementzs0



Run 2 : Simplified Template Cross-Sections

YR4 Section llIl.2

Similarities to fiducial cross-sections:

* measure cross-sections in truth-level phase

space regions. L [Szmveras] L g

* Separate out regions to :

|

EFT

* Maximize sensitivity fo SM or BSM effects u -~ | coets
* Minimize sensitivity to theory uncert., models [. Al— -
’ 2 4 specific
: —— % _» g BpSMf
Differences: S| | ] e,

* Split production modes/final states

* Partitions the entire phase space into non-overlapping regions

* No strong matching between truth and reco-level selections: compromise between
* “complicated” reco selections (BDTs, efc.)
* simple and well-defined theory selections

= Point of contact between theory and experiment

Complementary to diff. measurements: fully exclusive split along many variables
* No need for statistical correlations
* Coarser binning 21


https://arxiv.org/abs/1610.07922

STXS Stage 0

(EW gqH) (H + leptonic V')

va |

(Runi-like)

L ver |
—>[H+ had. V]

+ Splitting evolves with dataset size (more data = finer split)
« “Stage 0” based on “production modes” (final states) only
— Relate (V=had)H to VBF since same final state
— Restricted to |y, 1<2.5 o avoid extrapolation

-

—

qqg > WH

qq —» ZH

—~{99 = ZH |

 Used for recent ATLAS and CMS Run 2 results

bbH

tH

22



Run 2 STXS Results

CMS H=4l Couplings

CMS Preliminary 35.9fb™ (13 TeV)
T T T T | T T T T T T T T T T ‘ T T T ‘ T T T
0.20 H—Z7" - 4]
O-ggH/ Stheo = 1'20:3.20 o
Stage 0 sub-process
m, = 125.09 GeV
1.01 [ SM Prediction
Oyar / Ojheo = 0 05)10.(}5 ®
+2.83
Svhhad’ Oimeo = 0-00750 ®
277
0-\.'erp/ theo = 0007500 @
+1.19
O-trH/ theo — = O 00 -0.00 4
I I | | I I . | | | | ‘ | | ‘ L1
0O 05 1 15 2 25 3

Parameter value norm. to SM value

/BLylpb]

f
VBF

(0-B)

CMS-PAS-HIG-16-041
ATLAS-CONF-2016-081

ATLAS Run 2 yy/ZZ Combination

70
60
50
40
30
20
10
0
-10

ATLAS Preliminary
Vs=13 TeV, 13.3 fb(yy), 14.8 fb(Z2)

m,, = 125.09 GeV

* SM

4 Best fit

— 68% CL
.. 95% CL

VBF+VH

W

20 40 60
ATLAS and CMé \tlH -7
LHC Run 1 DH 577

—68% CL
!

[JH-ww
‘:lH—)T’[
H — bb f

=
\J

+ Bestfit * SM expected
’ 1 i

0

| | 1
100
(0 B!

BL [pb]

23


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-081/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-041/index.html

ATLAS Run 2 W/ZZ Combination ATLAS-CONF-2016-081

ATLAS Preliminary m;=125.09 GeV ATLAS Preliminary m_;=125.09 GeV
(s=13 TeV, 13.3 fb™' (yy), 14.8 fb'! (Z2) (s=13 TeV, 13.3 tb (yy), 14.8 fb ™' (ZZ2)
- Observed 68% CL SM Prediction -~ Observed 68% CL SM Prediction
27
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' ° B N
VHhad ] | O e .
(- ):';'Llep —_—— — —
B B ) °
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Parameter value norm. to SM value Parameter value norm. to SM value
included in ggF Assuming SM values for Everything compatible

top = tH + relatfive fractions with the SM 04


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-081/

Effective Lagrangians

. ATLAS: Higgs Characterization Model o CP-even/CP-

odd mixing
— includes HVV' and Hff couplings angle
— includes both CP-odd and CP-even interactions l
LY =kq, COSZQHZZ HZ,Z" - Haz“’i"‘ HZ,0,7Z"" — Kz CZSA“ HZ,, 7" - KAZZ—S;“;‘ HZ, 7" +...
SM-like Anomalous CP-even Anomalous CP-odd
. CMS: “JHU Model”: based on Lorentz structure, follows
m- K 1 1
Z 12 v TRV
L(va):aITquz” - szﬂzumz” E azEszz“ - a3EHZMZ“ +

* Almost identical - in both cases include“k”-like” scalings + modified HVV
dynamics including CP-odd interactions

* More freedom than an EFT description (e.g. N0 gauge invariance)
= more parameters

« Some missing contributions (e.g. HVff operators) o5


https://arxiv.org/abs/1306.6464
http://www.arXiv.org/abs/1001.3396
https://arxiv.org/abs/1310.5150

Phys. Rev. D 92 (2015) 01200

HoZ7" =4l Spln/PdrIfy 4Eur. Phys. J. C75 (2015) 476

* Sensitivity to Higgs JP¢ from H—Z77* -4l final
stafte kinematfics

* Run 1: Many exotfic models tested
— Most scenarii of pure exotic J© excluded

0
=
7
T
l

N
N

SwE 777
s @ -
= 7 057 7
= BN T T
— ]e%ss """"
E L PRt ddREAngALER N RETe

Expected at 68% CL (gg acceptance)

Still possible to have admixtures with small (or not) exotic components

= use effective Lagrangians to parameterize
26


http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-14-018/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-14-018/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2013-17/

H—ZZ* =4l Spin/Parity Results

ATLAS :

* Same analysis as H— 4|
couplings (VBF, VH selections)

* Float each kg, in furn

* Central values away from 0 due
tfo excess in 2-jet VBF selection

cosag Ccos O
Ly =Kgy > “SHZ,Z" — Koz~ g
m2
L(HVV) = THz zZ' —

CMS:

* VBF, VH selections + MVAs
targeted to each BSM
component

* Measure fractions of each
BSM coupling: f_,, f

‘_\12‘7\\\‘I\\‘\\\‘\\\‘I\\‘\\\l\l\l\l\
T | ATLAS Preliminary — Observed
Jiok Ho2Zr > 4l i
" [ 13TeV, 148" .. Expected / |
ol .
- A=1TeV
o
. cosa=1

60
40

20

CMS-PAS-HIG-17-011
ATLAS-CONF-2016-079

j12_ T ‘IJ‘ T T T T ‘ T T T T | T T T T | T T T T ‘ '.\l' ]
T + ATLAS Preliminar .
s [ y — Observed ;
~ 10— H—> ZZ* — 4] .
1 L . 4 :'

i 13T“ev, 14.8 fo . Expected |

2
q_\
Ehw K gy SiN(0t)
COSG Slll(l
v v 'V
4A 4\
Ky o 1 1 a
woo 1 wv o 4 TR
S mHZ,0Z" — a,7HZ,,Z a,; HZ,, 2" +
1
CMS FPreiiminary 35.9 b (13 TeV) CMS Preiiminary \ 35.9 ! (13 TeV)
B T |\\|
E 80 Observed,npaz=00rn ] E Observed,mas=00rn
§ Expected, 0= Oorm i § 0 | AR Expected, 9= Qorm



http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-011/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-079/

H —)'Y'Y/ZZ Mass Phys. Rev. Lett. 114, 191803

CMS-PAS-HIG-16-04

* Higgs mass: almost completely from imason | I A e
H—yy+ZZ combination ” e ;‘“a'
tat
* Runl: CMS H=ryy i 1 Syst
mH =]2509 + 0240 GeV ATLAS H—ZZ -4 ——
(= 0.210 (stat) = 0.110 (syst) GeV) __ .
* H=1ZZ: almost only statistical uncertainties  poeifis ATLEo oo
ATLAS+CMS yy+4l —n LHC Run 1
*  H-=yy: systematics from calo. response, T 1 T T
' 124 125 126 127 128
material... m, [GeV]
o CMS Preﬁnlﬁlnlar{ - .32'.9 ﬂlo'l‘(‘1'3 TeV)
CMS: Preliminary Run 2 result (35.9 fo!) a7
6
= 125.26 * 0.200 (stat) = 0.080 (syst) GeV -
. Alreody 2x more Higgs bosons than ATLAS+CMS Run 1! ::_
« "3D" measurement: m, + kinematic discriminant A
+ per-event mass resolution model: i
0:

~20% improvement over m, alone 120 121 122 123 124 125 Eéﬁ \}?7
e
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http://inspirehep.net/record/1356276
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-041/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-041/index.html

. CMS-PAS-HIG-16-033 CMS-PAS-HIG-16-041
I', : On- and Off-shell

CMS Preliminary 35.9fb™ (13 TeV)
TTTT [ TTTT[TITTT TTT[TTT T TTITT

> o[ T H"\H"\‘Dt| T

L . < LG

* Direct limit from H—-ZZ peak width: g2 =iz |
Q 50

I < 1.1GeV

— includes interference with continuum

* Off-shell pp—H=-4l production : :
— Large oo™l due to Higgs V, V -V V unitarization o e

. m,, (GeV)
— Off-shell production independent of T",.: Campbell et al., JHEPO4 (2014) 06
2 2 10° Q
] E | | | I T | I I T T | 3
G.Dﬁ" —shell g HgEgHZZ - 4-lepton production, CMS cuts, Vs=8 TeV ]
gg—pH—}ZZ [:QMZ)Z :_ qq - 4leptons —
= gg » h — 4leptons 3
9 9 C gg - 4lepltons(cont) ]
iSRS gHgggHZZ = gg - 4leptons(total) =
Ope sH—2Z7 ™ = F ]
i mul'H $ 1oL 4
5
Thenforx . <« fobr E
on-shell = ™off-shell’ 3 - .
10 ° - -
I', < 41 MeV (exp. 32 MeV) \ =
107
107 : — 1(|)0’7 2(|)0 | I 5(|J0 — I1000 2000
SM: T, = 4.1 MeV oo


https://inspirehep.net/search?p=find+eprint+1311.3589
https://inspirehep.net/search?p=find+eprint+1311.3589
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-041/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-033/index.html

H — WW — IV I-v CMS-PAS-HIG-15-003
ATLAS-CONF-2016-112

* Run 1: best measurement of 6_ ., 6,4 & 6,,,, = 6.80 (AILAS), 4.86 (CMS)

 Difficult measurement — large bkgs frorn SM WW, top.
* 21+ MET signature
« CMS: fargef ggF: ep+MET, N <1 —shape analysis in (m,, m,)

* ATLAS: tfarget VBF (eu+MET+2jets) and WH (3I+MET), counting
*  Small datasets, precision still far from Run 1

CMS Prehmmary L =2.3/fb (1 3 TeV)
g %% e £ 2pY | [ Fake -
=2 g ATLAS Prehmlnar + Data 77 SM(sys)  J & 350;‘ _ ake =
v 300 4 y [] Wsets [l Z+lets — L% - tW and tt ww .
= - Ys=13 TeV, 5.81 fb' . 300— EE VVV R V2 -
@ C ] Top I other vv = E b vy ]
T 250 H->WW —eu+pe (VBF) B ww [ ] OtherHiggs - [_ Higgs —+ Data E
- W, OHe ] - 77 Systematics .
& / - 200 =
C s N 150 _ -
150 ('g 15 —] - i 7
C ‘o 7 100" ':;,_;,"555-5?5'“” E
100F §10 ] o =
C E 505 e —
- 2 R e o=
5{] r g 5 E 14 & R : P . — + — ! —— I' + E
0 TopCR Z—1tCR SR1 SR2 % 0a §*Y-"§" g i T e
0.8 ¢ BOT < 0.7 BDT » 0.7 g 08 oo .
L0 0.6 Fit regions 50
+ .
HMVBE = 1.7 —0. S(Stdt) 0. 4(‘;}/8)
pwr = 3.27 (sta) 53 (sys) u=03=x0.5


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-15-003/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-112

Yukawa Couplings
Measurements




ttH

* Direct measurement of top Yukawa coupling
— also probes BSM loop contributions in ggF

* Important early Run 2 measurement:
— 3.8 cross-section wrt 8 TeV ! EO0T0Y
— Infriguing excess in Run 1

* Experimentally challenging — Main channels:

4 Q000004
— H=yy: category in the H-yy analysis
— H=bb
— H=sleptons (WW,ZZ, tt...) - ATLAS+CMS
= ATLAS
b +CMS
b —*1c
vy —+20
e+, H+ '(-|— uttH - @
Vo, V, e T
g 3 -
— IIJI|IIII|IIII|IIIIIIlI|Il|IIIIIIIIIII'IIIIIIIII
9 (- 1050 05 1 15 2 25 3 35 4
q 7 Parameter value

b 32



ttH—= leptons OV PAS HIG- 17005

ATLAS-CONF-2016-058

* Target HHWW, H=1t, H=2Z decays :
— Sdme_Sign 2| (iﬂC'. ]T), 3' Ond 4' " CMS Pre[;mmary 35.9 fb! (13 TeV)
. . = | | | | =
SIgﬂOl reglions I= = I* I post-fit (SM prediction) -
0>J 120~ ¢Data @WZ  [gNon-prompt ]
* Backgrounds: ttV, non-prompt leptons W - B DWW B o™
. . . 100— OttZ  [JConv. —
* ATLAS: Counting exp. in each bin - ]
« CMS: BDTs to reject t/1tV; 80 .
g % atLas Prel:minary | - Data I -tfl-ll (SM) E 60
N gof 1s=13TeV. 132 fo Egit\:son E tNtt(j{::impt
Pre-fit Il QMisReco [] Other 40
70r 7 Total Uncertainty ]
60 + ’ . 20__ \ ; -
i Z 7 - . IO ey \ \ \
“oF 8 :II g — @@ stat.unc.  Etotal unc. —
i S y4- -
N 'V £ e = * ——
Q 1.0F .
0.8 _— ]
0.6— : ‘ : : : ' :

-
p%]
w
N

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

nu=15 +0.29(stat) =£0.32(syst) +0.24 (theo)

n=2.5 =0.7 (stat) +1.1 (syst)
—0.9 w < 2.5(0.8 exp.) @ 95% C.L.
=220 33

Qfo ~
Aag Se


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-004/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-003/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-058/

ttH-bb

Events / bin

Data / Pred.

Fine catfegorization in N

leptons

Extensive use of MVA (BDT, MEM)

(1 or2)N.

jets

Large systematics from bkg modeling (ttlbb)

f ATLAS Preliminary
[ Vs=13TeV, 13.2fb"
Single Lepton

f Post-fit

4 Data

[ JNon-tt

Wt Oti+light] 5 107} ATLAS Preliminary 4 Data
[tt+ >1c @tt+>1b @t +V 2 f(s=13TeV,132fp"
7/ Uncertainty-- ttH § 10°¥ Dilepton
- 105 | Post-fit

WitH

Ctt+ >1c @tt+ 21 @tt+V
[JNon-tt

77 Uncertainty-- ttH

(it + light 1

Eo = ot -
Best fit u = ¢'"/cl! for m, = 125 GeV

(3-6) and N

Events

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

(3-4)

btags ;
12.9 1™ (13 TeV)
T
1001~ CMS Preliminary #data  —tiH(u=0.19) ]
i lepton+jets .tE+LF .t1+oc i
L >6 jets, >4 b-tags .tEJ'b_ W2 4
80— BDT»0.13 Wb [Wsinglet |
S Ctsv W V+ets -
r [l diboson 7

@ {5 M
X
1 | | 1 /] 1 | ] 1 Il It ] m /b
= 12; I 1.0 4/f/;/////////%/////////%’//W////z{r/////f// 5454
E E o 1. F 9 =
D - W = m
o : O— TR | 50751_ e O 05 e e e L ]
5 E 3 § 05 = — a — = 0.0 01 02 03 04 05 06 0.7 08 09
Y2 2p <6z Y43 %3 <Gz Uy F2qp SGix .26 42 .36 43 g,
2 2 2 2 b : J - MEM discriminant
ATLAS Preliminary ttH (bb), (s = 13 TeV, 13.2 fb™ 11.4-12.9fb" (13 TeV)
T et e CMS Preliminary
Stat. ;
1 n tot. stat. syst.
Tot. ( Stat. Syst.) |
, 4.6 29 (+14 426 Dilepton ——a—— -0.04 o e o
Dilepton ——— P 23 ( 1.3 -1.9 ) § : : :
+1.1 +0.5 +1.0 . : 1.02 0.51 0.88
Single Lepton| +-eH 1.6 74 (55 o9 Lepton+jets w0 <043 s Yo Toe
) 21 +1.0 ( +0.5 +0.9 ) |
Combined F-e-- ' 09\ 05 -07 Combined = -0.19 +ggc1) tgﬁii ﬁg:gg
o b b b by by by by by by 1y ‘ | ‘ ‘ |
0 2 4 6 8 10 12 14 16 18 R e R =

Best fit u = o/c__atm, =125 GeV
SM
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-038/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-080/

HH Combination ATLAS-CONF-2016-068

T ‘ T T T ‘ T T T | T T T I T T T I T T T T T | T T T T I T T T T I T T T T I T T T T | T T T T I T T T T I T T
ATLAS Preliminary ys=13 TeV, 13.2-13.3 fb™ ATLAS Preliminary Vs=13 TeV, 13.2-13.3 fo
—total stat. (tot.) (stat., syst.) .
ttH(H—yy) | ——— - +1.2 +1.2 +0.2 tftH(H :
(13 TeV 13.3 ") 03 4o (5. 502 ) (13 TeV 1(3.3@’,‘})’) :
5 1.3 0.7 +1.1 . : :
ttH(H->WW/1t/Z2Z) ——e—=— 25 i” ( :’0_7 , t0.9 ) ttH(H—=WW/t1/Z2) : : ‘
(13 Tev 13.2f0™) (13 TeV 13.2f0™)
ttH(H—>bb) —e—— 21 3 (103 409 iH(H—bb)
(13Tev 13.2f0™) (13 TeV 13.2fb™7") : i | e Expected (u=0) + 1o
ttH inati =e= 0.7 +04 406 ttH binati N Expected (u=0) + 20
%%r?gb?a ion 1.8 "5 (04, s ) ((31%rrT19\|ll)1a ion : : p (u=0)
............... it BB, —— OQbserved
ttH combination —e—— 1.7 :?'g ( :'gg , :'gg ) ttH Combination S Expected (u=1)
(7-8TeV, 45'203fb-1) T [ N T SR R S R -I L ‘. | T (7-8TeV, 4“"'-)-20'3]‘b-1)| 1 ! E I E o Iy by b e by by
0 2 4 6 8 10 1 2 3 4 5 6 7
best fit p "y for m =125 GeV 95% CL limit on me at m =125 GeV
t

ATLAS still sees a (smaller) excess — but not CMS
Expected significance 1.8c, exceeds Run 1 value (1.50)

Still room for large improvements

* x2 more 2016 data not yet included
* Improved understanding of systematic effects
* 2017 data coming soon 35

} CMS ttH—-leptons alone : 2.4 exp.



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-068/

H—=bb

* BR(H=bb) = 58% ., largest BR

| 11 | | L1011 | L 111 i 1111 | [ | | | | | L 111 | L 111 ‘ 1111
-1 -05 0 05 1 15 2 25 3 35 4
Parameter value

* Low in Run 1: exp. 3.70, observed 2.6

ATLAS : VH=bb

ATLAS-CONF-2016-091

CMS-PAS-HIG-16-003

« Target Wolv, Z-llor Z—»vv (N = 1/2/0) CMS: VBF H= bb

- Categoriesin N, p;"

* MVAs trained against ttoar, V+HF

ATLAS Preliminary (s=13 TeV, [L dt= 13.2 fb"

— Tot.

Stat. Tot. ( Stat.

+0.67 +0.49

ZHI— ke 0157 yea (D047
WHE —e— 0.33+0.95 (+0.68 +

Combination — koo 0.21 +0.51 +

-0.92

-0.64 -

Syst. ) |

+0.45 )
-0.447

Best fit u=o/c_ for m =125 GeV
SM

* Still below SM !

* Already stat=syst...

Large QCD backgrounds,
Trigger €=6.2%. Overall e=2.2%
Run 1. u =103 £ 043, Z=2.66
Run2 23 fo"):u=-3.7+2.7

Run 142: U — 1.3“_?:%

ATLAS: VBF+y H=bb  ATLAS-CONF-2016-063
— 2% of VBF, better S5/B |
- Run2(132fb":  p = -3.9%35
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-003/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-091/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-063/

H—opp

Main (only?) LHC window into non-3" gen. Yukawas

Entries / GeV

Pull

Analysis similar to H-vyy
— low S/B (BR ~ 0.02% 1)

— Good mass resolution (FWHM ~ 6-7 GeV)
— Select VBF, split ggF along p**, n

— Stat-dominated: syst ~ 5% (ggF)

=== L L I I I L

- ATLAS Preliminary ]
1000~ central high p.* ys=13TeV, 36.1fb" ]
¥2/ndof = 43.2/48
800

—e— Data
Background model

— Signal [125] x 20

600

200

400}—

Dl\)

ﬂHMﬂ%HWWH#+MQﬂ+ﬁ§

_4_
110 115 120 125 130 135 140 145 150 155 160
m,,, [GeV]

35—

30

25

20F

110 715720 125 130 135 140 145 150 155 160

ATLAS Prellmlnary ]
C VBF tight Vs =13TeV, 36.1 fb™' 7
¥2/ndof = 30.7/48

—e— Data
Background model
—— Signal [125] x 20

%

++++++++H+¢+++H w;

m,, [GeV]

ATLAS-CONF-2017-014

> T T T
EP  1ATLAS and CMS
o] t LHC Run1

¢ ATLAS+CMS ]
------- SM Higgs boson |

107°%% ;
— [M, g] fit
[ 68% CL
l:|95/ Clt
0~ Ei T e e £
107 1 10 102

Particle mass [GeV]

Results: @iem, =125 cev)

Run 2
uw=-0T1=x15
* u<3.0@95% CL

Run 1 + Run 2

I < 2.8 (2.9 exp)
@ 95% CL

— Approaching SM
sensitivity 37


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-014/

Production

Double-Higgs

- W



pp—-HH

* HH sensitive to Higgs self-interaction
«  — Within SM, measure A,

2
m
LScalar - ;\’|¢|4_TH|¢|2

fest consistency with m,.. 3 m?>
H A 6Ly = "
= vV =
* SM: o(pp—HH) ~ 37 fb at Vs=13 TeV 90% gg—HH) HHH v
— Mostly from non-A “box” contribution g i
— More sensitivity to A at low m_,
t/b g
9 B h
50.025
© B — Kin=0only box diagram  ——_
0.02}; — Kn=1SM | ¢ OO0, h
= K = 2.45 maximal interference
0.0135j = K, = 20 mainly triangle diagram tjea Y
K = AHH AHHHSM
0.01f; 9 QQQQQQQ0 A - e -—------- h
0.005 /
050~ 7300 350 400 / 450 500 550  Roberto Salerno
m,, [GeV]
’{SﬁﬁlleD}_ _'1 q 't'&'nj::ﬁ —L -k 39




pp—-HH

2 Higgs bosons

L. Cadamuro, Moriond EW 2017

High Mass

—

—
<

—_
o
fa

)
%

10

bb I
6 decay modes BR_|1'|2|;|G—:/XXYY g
21 possibilities WW (mr =125 GeV) :
) R ] =
Tradeoff between clean 0 . Rn2 |
modes and high BR - ]
= 5 channels tried so far T jjﬂ :
- OO =
Run 1 limits ~ 50x SM 27 -
_ Low Mass 1
Also search for resonances —Tor .I
. Yy 207/0/10.1%
in tfhe m_, spectrum o ny | | s
bb WW 99 T 77 Y
Analysis ~~bb AW IW* bbrT bbbb  Combined Phys. Rev. D 92, 092004 (2015)
Upper limit on the cross section [pb]
Expected 1.0 6.7 1.3 0.62 0.47
Observed 2.2 11 1.6 0.62 0.69
Upper limit on the cross section relative to the SM prediction
Expected 100 630 130 63 48
Observed 220 1150 160 63 70
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https://indico.in2p3.fr/event/13763/session/0/contribution/53/material/slides/0.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2013-33/

HH—yybb and HH-sbbbb

R CMS Preliminary L=270fb" (13 TeV)
< 35F pp—HH-bbyy $ Data
. ) C onresonan ackground mode
CMS H _)Wbb . % 3? a:\;hNPurity Catetgory T Eff@?rder gern:’[elin Pol.)
* Similar technique to Hoyy analysis, + 2 b-jets ¢ .s- s 26
« Extract signal in the 2D (mw, m_.) plane i3
15
— o(pp—=HH-=yybb) < 7.90 (7.85) fb ]
@ 95% CL at 13 TeV with 2.7 fb! (SM : 0.04 fb) o5k
900 110 120 I I130I - ‘140‘ 150 160 170 180
M(yy) [GeV]
ATLAS HH=bbbb
> L B UL EL L B B B B
* Separate boosted and resolved analyses & R e e
, , ‘8_ E Signal Region, Boosted 4-tag [t
« Use mass pairs (m'ead, m  sue) for selection . L Sty
JO JO g " G(2000)x100
« Resonant + non-resonant searches in m i -

NN[GN))

= o(pp—-HH-=vybb) < 330 (430) fb
@ 95% CL at 13 TeV with 13.3 fo! (SM: 11.3 fb)
= Exclude 480 < m_ < 910 GeV

for Bulk-RS Graviton

Data / Bkgd
—_ M E.||J P

[ N
0 500 1000 1500 2000 2500 3000 3500
m,, [GeV]
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HH Summary L. Cadamuro, Moriond EW 2017

New! CMS-PAS-HIG-17-006

'_'106 —
é 13 TeV ATL%[‘?;] Cl\{l[fsw Obs. (exp.) 95% C.L. limit on g/osu
% 10° ;_ bbbb  conF2016.040 Eiggé%?:%é%% Chan. @ E;MS
>T< E bbyy CONF-20i6.004 PASHIG15-082 E”E!TMENT = \
nB IR WWyy comacss

110 e ade T VY conraoreon . bbb | 29(38) | 342 (308)
% N > W bbWWwW PAS-HIG-16-011
§10°F L bbm bbWw |- 7989
E - bbrt
: 102 =
O | RN byy | 117(161) | 91(90)
> 10_
LO S -
o f —Obs.  --Exp. WWyy | 747 (386)

C | | | ] Ll I | | |

300 500 1000 3000 5000 2332t 133t EEORE
Nﬂixﬂ?ﬁfgf’m':f';'rtéiiim';.ﬁﬁfehm?g.ﬁfpfg&iﬂ?so mx [G eV [=]: Test of anomalous HH couplings

Sensitivity fo 6/0,, already better than Run 1 (- New Run 2 CMS HH-bb1tt )
Still far from the SM! 42


https://indico.in2p3.fr/event/13763/session/0/contribution/53/material/slides/0.pdf
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-006/index.html
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h-Mass Searches
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ATLAS-CONF-2016-059

H igh - qus Sequhes: W Phys. Lett. B 767 (2017) 147

Phys. Rev. Lett. 113, 17180124

Idea: Extend Higgs searches to wider mass range

I R T
—— Observed CL, limit ~ ATLAS Preliminary
------ Expected CL, limit {5 =13 TeV, 15.4 fb™
[ ] Expected * 1o Spin-0 Selection
[ ] Expected + 26 NWA (' = 4 MeV)
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— Search for e.g. Heavy/Light states
from extended Higgs sectors
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High-Mass Searches
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-033/index.html

So, what have we learned ?

Di-Higgs

Fermionic
Channels

Bosonic
Channels

K?»

-17 <k, € 22.5
Kf Kb
x24%  *27%
K, X,
£13%  %10%

FH < 1.1 GeV (direct)
< 13 MeV (indirect)

Run 1
Run 2

Searches Nothing so far ‘
K K BR(H—=invisible)
i 3 <34% (indirect)
+15% +120% :
<24% (direct)
K, K, m,,
+11% +10% +210 MeV
JPC Most pure 1+, 2~ excluded i/ diff.
0:f <17% SM v
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Conclusions

* Higgs properties extensively tested by ATLAS and CMS
— Many results already re-produced in Run 2

* What have we learned ?
— Higgs seems very SM-like so far - no deviations fromn SM predictions
— Not all equally well-known:

* W,Z,0,y couplings, spin/CP: good precision already, moving to precision
regime —» New measurement frameworks: STXS, SMEFT, POs, ...

* Yukawas: H—bb or ttH not observed yet, could come in Run 2
* HH: will need HL-LHC to approach SM sensitivity
— Still room for large deviations from SM!

* Full Run 2 statistics ~3x what we have now, another factor 30 for HL-LHC.
— Can still hope for surprises

— High stat expose ofther limitation — some analyses already syst-limited
— will require more hard work (exp. + theory) to achieve full LHC potential
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H—=invisible

ATLAS-CONF-2016-056

% 104 %'A TLAS Prelimiﬁary + Data non-resonant-I Q:
) " (=13 TeV. 133f5" ™ z7 Z(ee)/Z(un)+jets =
S 10E s=13TeV, 13.3 -7 mm Fake Lepton
— = LMSR ee+up Other Bkgs 72 Stat.+Sys. 3
B 102 — ZHinv. —
— — m, =1GeV, mmed=10GeV =
S 10 m, =50 GeV,m =300GeV  _J
> 3
LU 1
107"
102
107°
- 2] I | | T T 1
9_) 15 + ................................................. =
Q—___ 1 %f;f:%‘?‘///l VI IIN ISP 77w, I
S o : : _
"Ej' [0 S S .
O 0 C | 1 1 1 1 1 1 | b
10? . 10°
miss
E™SS [GeV]
Limits on o(Z(— ¢0)H(— invisible)) [fb] | Limits on BF(H — invisible)
Expected Observed Expected Observed
Central Value 58 88 65% 98%
(-lo, +1o) (41, 83) (46%, 93%)
(20, +20) (30, 115) (34%, 100%)

Runl : VBF H=inv BF<28% (ATLAS ), <24% (CMS)
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Delivered Luminosity [pb/0.1]
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H—vyy phase space

diphoton baseline VBF enhanced single lepton
Photons In| < 1.37 or 1.52 < |n| < 2.37
pr > 0.35m., and pf > 0.25m.,
Jets - pr > 30GeV | |y| < 4.4 .
- m;; > 400 GeV, |ijj| > 2.8 -
- [ A4 > 2.6 _
Leptons - - pr > 15 GeV
In| < 2.47
_“{1,{2]
o’ ;;i:’ > 1(1) for the generator-level transverse momentum of the leading (sublead-
ing) photon,

° |f1§en| < 2.5 for the generator-level pseudorapidities of both photon

o the generator-level isolation of the photons, calculated as the sum of the transverse
momenta of all stable particles inside a cone of aperture R = 0.3 around the photon,
is required to be smaller than 10 GeV.
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H—-ZZ phase space

| Requirements for the H — 4/ fiducial phase space

Lepton kinematics and isolation
Leading lepton py pr > 20 GeV
Next-to-leading lepton pr pr > 10 GeV
Additional electrons (muons) pt pr > 7(5) GeV
Pseudorapidity of electrons (muons) In| < 2.5(2.4)
Sum of scalar pt of all stable particles within AR < 0.3 from lepton <035 pr

Event topology

Existence of at least two same-flavor OS lepton pairs, where leptons satisfy criteria above
Inv. mass of the Z; candidate 40GeV < myz, < 120GeV
Inv. mass of the Z, candidate 12GeV < mz, <120GeV
Distance between selected four leptons AR(Y;,¢;) > 0.02 for any i # j
Inv. mass of any opposite sign lepton pair my+p- > 4GeV
Inv. mass of the selected four leptons 105 GeV < myy < 140 GeV

Lepton definition

Muons: pr > 5 GeV, |n| < 2.7 Electrons: pp > 7 GeV, |n| < 2.47
Pairing

Leading pair: SFOS lepton pair with smallest |myz — myy|

Sub-leading pair: Remaining SFOS lepton pair with smallest |mz — myy|

Event selection

Lepton kinematics:  Leading leptons pr > 20,15,10 GeV

Mass requirements: 50 < mqi2 < 106 GeV; 12 < mgyq < 115 GeV

Lepton separation: ~ AR(¢;,£;) > 0.1(0.2) for same(opposite)-flavour leptons
J /1 veto: m(€;,¢;) > 5 GeV for all SFOS lepton pairs

Mass window: 115 < myy < 130 GeV
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H—ZZ and H—=yy Fiducial results

Fiducial region | Measured cross section (fb) SM prediction (fb)
Baseline 43.2 +14.9 (stat.) £ 4.9 (syst.) | 62.8 7] [N*LO + XH]
VBF-enhanced | 4.0+ 1.4 (stat.) £0.7 (syst.) | 2.04+0.13 [NNLOPS + XH]
single lepton 1.5 £ 0.8 (stat.) £0.2 (syst.) | 0.56+£0.03 [NNLOPS + XH]

4¢
O-ﬁd ,comb

4{’
Y fid SM

All in agreement with th~ R I

_ 1.02
= 4.54J_r0_90

= 3.07

Excellent agreement with SM!

+0.21
—0.25

fb
tb

L AH-yy nH-ZZ*—4
[ ¢ comb. data
80

Gy [PB]

100~ ATLAS Preliminary

syst. unc.

— Opyyy My =125.09 GeV
QCD scale uncertainty

mm Tot. uncert. (scale ® PDF+o.)

Vs=7TeV, 45fo"
Vs=8TeV, 20.3fb"

T S e e e P e T e B e o e

Vs=13TeV, 133" (yy), 14.8 b (ZZ*) ]
LI EDL L e
Vs [TeV]

Ufd. — 2.90

Ofiducial = 84 £ 11 (stat) £7 (SYS’[) fb

+0.48
—0.44

f1d

theory
fiducia

(stat.

4
P e

+0.27

—0.22 (sys.) fb

= 2721014 tb

19.7fb" (8 TeV) + 35.9fb™ (13 TeV

Oy [f0]

’-\100_\‘II\\‘\\\\‘\\\I‘I\II‘\I\\'I\I\'I\\I‘\
=3 C CMS suppiementary
2 9o
L Hoyy
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[ = syst. uncertainty
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7 8 9 10 11 12 13 14
[s (TeV)
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CMS H=ZZ Category Splits

CMS Preliminary 35.9 fb™! (13 TeV)
- I oo+
Untagged [REEASE (oMY= B VBF
: B WH, W—>X
VBF-Tjet e exp. events Bl WH, W—lv
tagged ZH, Z—X
VBF-Zjet Iy exp. events B ZH, -2
tagged ttH, tt—=0/+X
VH-hadronic B ttH, T 17+X
tagged 2.03 exp. events B tTH, tT—27+X
VH-leptonic Jges exp. events
tagged
VH-MET
tagged 0.12 exp. events

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

ttH tagged [RUESIOR{OMCI:
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Mass Systematics

ATLAS and CMS
LHC Run 1

ATLAS ECAL non-linearity /
CMS photon non-linearity

Material in front of ECAL
ECAL longitudinal response
ECAL lateral shower shape

Photon energy resolution

ATLAS H — yy vertex & conversion
reconstruction

Z — ee calibration

CMS electron energy scale & resolution

Muon momentum scale & resolution
ATLAS H — yy background modeling

Integrated luminosity

Additional experimental
systematic uncertainties

Theory uncertainties

Uncertainty in ATLAS
combined result

Uncertainty in CMS
combined result

Uncertainty in LHC
combined result

L LR R R B L IR B LR LR I L B
| | |
I | |
| ] 1
1 I— I
1 I 1
[ ] 1
1 1 I
[ 1 [ 1
1 [ 1 1
1 1]
ATLAS | CMS | Combined
Observed Observed Observed
l [C]Expected | [C]Expected l [C]Expected
0 005 04 0 005 01 0 002004006

om, [GeV]
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itH—=leptons

ATLAS-CONF-2016-058

1 1 | T 1 T 1 I 1 1 T T I 1 T T T I T T T 1 I T T T 1
ATLAS Preliminary Vs=13 TeV, 13.2 fb"
— tot. stat. tot (stat, syst)
2701 +2.1 +1.2  +1.7
had F=o= 4.0 777 (47, 43
¢ Tihao H—e—n 62757 (335 7Y
37 [ +1.7 +1.2  +1.2
H=orH 0.5 1.6 (L0 43
4z < < 2.2 (68% CL)
; ; +1.3 +0.7 +1.1
Combination Feo- I 2.5 _1|.1 (_0.7 ’I 0

L 1 R R R R L L
0 5 10 15 20 25
best fit e for m =125 GeV

CMS-PAS-HIG-17-004

| Category | Measured signal rate 10 | Expected signal rate +1c |

]_E I 2Th —1. 20+1 50 1. 00+1 75
20ss + 11, 0.860" gg 1. 00+8 ZZ
30+ 11, 1.22+1:34 1.007 156
Combined 0.7270%2 1.0070%7

CMS-PAS-HIG-17-003

Category Observed pfit 1o Expected pfit 1o
Same-sign di-lepton 7(—0.5) (+0.6) 0(=0.5) (+0.5)
Three lepton 0(—0.7) (+0.8) 0(- 7) (+0.8)
Four lepton 9(-1. 6) (+2.3) 0(-1.6) (+24)
Combined (2016 data) 5(—05)(+05) 0(—04) (+05)
Combined (2015 data) [42] 6(—1.1) (+1.4) 0(—11) (+1.3)
Combined (20152016 data) ~ 1.5(—0.5) (+0.5) 0(—04) (+0.5)
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-003/index.html

itH—=leptons

Uncertainty Source Au
Non-prompt leptons and charge misreconstruction +0.56 —0.64
Jet-vertex association, pileup modeling +0.48 -0.36
ttW modeling +0.29 -0.31
tt H modeling +0.31 -0.15
Jet energy scale and resolution +0.22 -0.18
ttZ modeling +0.19 -0.19
Luminosity +0.19  -0.15
Diboson modeling +0.15 -0.14
Jet flavor tagging +0.15 -0.12
Light lepton (e, i) and m,q ID, isolation, trigger +0.12 -0.10
Other background modeling +0.11 -0.11
Total systematic uncertainty +1.1  -0.9
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itH—=leptons

U el ee

tW 51.0 £ 0.6 (stat.) = 6.9 (syst.) 72.8 & 0.7 (stat.) = 10.2 (syst. 20.5 £ 0.4 (stat.) == 3.1 (syst.
ttZ/y* 17.7 £ 0.8 (stat.) = 2.9 (syst.) 47.3 £ 1.6 (stat.) = 9.0 (syst. 17.5 £ 1.0 (stat.) £ 3.6 (syst.
WZ 4.2 +0.6 (stat.) = 4.1 (syst.) 7.0 = 0.8 (stat.) = 6.8 (syst. 1.8 0.4 (stat.) = 1.7 (syst.
Rare SM bkg. 42 + 1.5 (stat.) £ 3.0 (syst.) 13.3 £ 1.9 (stat.) = 9.3 (syst. 4.8 £ 1.1 (stat.) £ 3.6 (syst.
WWss 3.5 £ 0.6 (stat.) £ 2.5 (syst.) 4.1 £+ 0.6 (stat.) £ 3.2 (syst. 1.4+£0.3 (stat.) = 1.2 (syst.
Conversions

Charge mis-meas.
Non-prompt leptons

38.7 & 1.6 (stat.) = 20.5 (syst.)

16.4 £ 0.2 (stat.) = 9.1 (syst.
61.8 £2.0 (stat.) == 13.0 (syst.

10.5 + 0.2 (stat.) + 5.9 (syst.
17.7 + 1.1 (stat.) + 5.4 (syst.

) )

) )

) )

| |

7.8 £ 2.5 (stat.) == 2.3 (syst.) 3.6 3.5 (stat.) £ 1.7 (syst.)
) )

) )

) )

) )

89

All backgrounds 120.3 £2.5 (stat.) = 11.7 (syst.) ~ 231.2 4.3 (stat.) == 13.3 (syst. 77.9 £4.0 (stat.) £ 9.0 (syst.
ttH signal 20.1 £ 0.5 (stat.) £ 2.1 (syst.) 27.9 + 0.5 (stat.) £ 3.0 (syst. 8.0 £ 0.3 (stat.) £ 1.1 (syst.
Data 150 268
3L 4L

ttW 32.8 = 1.0 (stat.) = 4.9 (syst.)

ttZ /" 49.8 =39 (stat.) £11.1 (syst.)  2.15+0.24 (stat.) == 0.44 (syst.)

WZ 9.1 £ 0.9 (stat.) £ 4.0 (syst.)

Rare SM bkg. 8.8 =4.3 (stat.) £5.9 (syst.)  0.27 == 0.16 (stat.) == 0.19 (syst.)

WWss

Conversions 5.3 = 1.2 (stat.) £ 4.0 (syst.)

Charge mis-meas.
Non-prompt leptons

30.8 == 1.5 (stat.) == 10.9 (syst.)

All backgrounds 137.3 £ 6.2 (stat.) =12.4 (syst.)  2.42 £0.28 (stat.) = 0.56 (syst.)
ttH signal 19.5 £ 1.0 (stat.) £3.0 (syst.)  1.00 = 0.09 (stat.) = 0.11 (syst.)
Data 148 3
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ATLAS ttH-Dbb

Uncertainty source Ap

tt+ > 1b modelling +0.53 —0.53
Jet flavour tagging +0.26  —0.26
tt H modelling +0.32  —0.20
Background model statistics +0.25 —0.25
tt+ > 1c¢ modelling +0.24 —0.23
Jet energy scale and resolution +0.19 —-0.19
tt+light modelling +0.19 —0.18
Other background modelling +0.18 —0.18
Jet-vertex association, pileup modelling +0.12 —0.12
Luminosity +0.12 —0.12
ttZ modelling +0.06 —0.06

Light lepton (e, ) ID, isolation, trigger +0.05 —0.05

Total systematic uncertainty +0.90 —0.75
tt+ > 1b normalisation +0.34 —-0.34
tt4+ > 1lc¢ normalisation +0.14 —-0.14
Statistical uncertainty +0.49 —0.49
Total uncertainty +1.02 —-0.89

Expected (u = 0) Expected

Observed | Nedian | +/-10 | +/-20 | (p=1)
Dilepton 10.1 5.3 | [3.8, 7.9] | [2:8, 12.6] 6.0
Single lepton | 3.6 2.2 | [1.6,3.2] | [1.2,4.7] 2.9
Combined 1.0 1.9 | [1.4,2.8] | [1.0, 4.2] 2.7
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CMS ttH=bb

Process tt rate up/down [%] ttH rate up/down [%]
Jet energy scale +12.6/ —11.8 +8.4/ —8.0
L Jet energy resolution +02/-03 —0.0/ -0.1
CMS Preliminary 129fb" (13 TeV)  Pile-up 01/ - 01 02/ 401
Electron efficiency +0.5/ —0.5 +0.5/ - 0.5
4 jets, 4 b-tags (low BDT) | [¥5% Expected 1o N Muon efficiency 104/ — 04 404/ — 04
E d+2 Electron trigger efficiency +12/-12 +13/-13
4jets, 4 b-tags (high BDT) | xpected +26 - Muon trigger efficiency +0.8/ —-08 +0.9/ —0.9
158, & 0ags (g _m Observed b-Tag HF contamination —9.4/ 4938 26/ +28
. b-Tag HF stats (linear) -3.1/+33 —25/+27
5 jets, = 4 b-tags (low BDT) I B b-Tag HF stats (quadratic) +26/ 24 +24/-22
b-Tag LF contamination +7.1/—-52 +5.8/ —45
5 jets, > 4 b-t high BDT b-Tag LF stats (linear) 20/ +44 +0.5/ +15
et ags (hig ) - b-Tag LF stats (quadratic) +21/+02 +1.5/ +0.5
. b-Tag charm Uncertainty (linear) -11.1/ + 149 —-31/+41
> 6 jets, 3 b-tags (low BDT) _ b-Tag charm Uncertainty (quadratic) +0.5/ —05 —0.0/ 4+ 0.0
(@7 scale (tt+LF) —62/+75 —
> 6 jets, 3 b-tags (high BDT) [ I Q? scale (tt+b) 17/ +20 -
0?2 scale (tt+2b) -11/+14 -
> 6 jets, = 4 b-tags (low BDT) (% scale (tt+bb) —2.0/+25 -
- Q7 scale (tt+c0) —43/+54 -
2 6 jets, 2 4 bitags (nigh BDT) i PS scle (:b) “05/ 107 :
PS scale (tt+2b) —0.8/+09 -
LJ combined N HE PS scale (ti+bb) —15/+27 =
L] il R — PS scale (tt+cc) -39/ +30 —
1 10 102
95% CL limiton p = UIUSM atm, =125 GeV
Channel Observed UL  Expected UL Best-fit p
. +1.5 +1.50 +1.05 +1.01
Dilepton 3.2 3477 —0.047 35 (tot.) Toge(stat.) Tioc(syst.)
: +1.0 +1.02 +0.51 +0.88
Lepton+jets 1.8 217, —0.437 5 (tot.) T35 (stat.) Tygr(syst.)
. +0.7 +0.80 +0.45 +0.66
Combined 1.5 1.775% —0.197 55 (tot.) To31 (stat.) Tyea(syst.)
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H—=bb
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-063/

H bb Lq 108?|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII"E
q o = . =
P 107 - ATLAS Preliminary -o-Data .
= E ys_ _ -1 mm VH(bb) (u=1.0) S
— = = Vs =13 TeV JLdt =13.2fb == Diboson s
Ap 3l 108 tt —
= i Single top E
-0.2 0.1 0 0.1 0.2 s mm W+(bb,be,ce,bl)
L L O L B B ‘ 10 Bl Z+(bb,bc,cc,bl) E:
b-jet tagging efficiency 0 . 4 =
Z+HF normalisation E ) H?}l ‘ 10 ?g
c-jet tagging efficiency 0 . . ; 1 03 ?_
b-jet tagging efficiency 1 ‘ 3
2-lepton tf normalisation 2 ]
Z+jets m. shape ‘ 10 EE
tt normalisation (3-jet) 1 10 ?_
W-+HF normalisation e a— ‘ §
Wjets p¥ 1 ]
Z+iels p¥ ‘ E I 1111 I 1111 I 1111 I 1111 I 1111 I 11
2-Ieptonﬁp¥ : :\\I\\\\Illlllllll‘\\\\‘\\\\‘\\Illlllllllll
0-lepton Z+HF normalisation ‘ ~ 2
[72)
Single top Wt p¥ - 0 +
Single top t-ch. ace. ‘ 03_ —2 \l\\\\III'I_I'*-I_FII‘\\\\‘\\\\‘\\Illlllllllllllll\ll_r
# normalisation -4 25 2 15 -1 05 0
c-jet tagging efficiency 2 ‘ |Og1 O(S/ B)
Z+HF normalisation (2-jet) ATLAS Preliminary V{s=13TeV, [Ldt=13.2fb"
Light-flavour tagging efficiency 0 ‘ T L S — T T
ﬁp¥ L —
Single top t-ch. p) | Tot. (Stat. Syst.)
EM* soft term resolution
Wajets m_ shape ‘ 2 lepton |——e—i -0.24J_r ggg +0.64 J_rggg) _
Single top Wt m. shape
b-jets response ‘ 1le | 0.25+ 0.94 +0.67 +0.67\ _|
pton —eo—H .
Jet energy resolution -0.92 -0.64 -0.67 )
Vs =13 TeV —e— Pull: @-8,)/a8 | +0.73 +0.44,y _|
A TLAS " —=— Normalisation 0 Iepton 0.47— 0.69 -042 )
L J- Ldt=13.2b ///7A +1c Postfit Impact on
Pl‘ehmlnary my=125 GeV [] -to Postfit impact on p Combination — 0.21" gg;l) + 832 )
|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|I . |||_|.| |_|-|I
4 6 10

-2 -15 -1 -05 0 05 1 15 2

Best fit u=0c/c_for m =125 GeV
SM




ATLAS H=bb

Signal
Cross section (scale) 0.7% (qq), 27% (gg)
Cross section (PDF) 1.9% (qq— WH), 1.6% (qqg— ZH), 5% (gg)
Branching ratio 1.7 %
Acceptance (scale) 1.4%-5%
3-jet acceptance (scale) 1.4%-4.7%
pY¥. shape (scale) S
Acceptance (PDF) 0.3%-0.7%
p~. shape (NLO EW correction) S
Acceptance (parton shower) 4%-7.5%
Uncertainty source Uncertainty Ay
Non-resonant background uncertainty in medium-BDT region 0.22
Non-resonant background uncertainty in high-BDT region 0.21
Non-resonant background uncertainty in low-BDT region 0.17
Parton shower uncertainty on H + y acceptance 0.16
QCD scale uncertainty on H + y cross section 0.13
Jet energy uncertainty from calibration across n 0.10
Jet energy uncertainty from flavour composition in calibration 0.09

Integrated luminosity uncertainty 0.08




H—opp

Signal | Background | S/v/B | FWHM | Data
Central low pf 10.9 7400 0.13 | 5.6 GeV | 7885
Non-central low pf 31.6 36000 0.17 | 7.0 GeV | 38777
Central medium p4" 23.4 6200 0.30 | 5.7 GeV | 6585
Non-central medium p4* 66.5 29000 0.39 | 7.1 GeV | 31291
Central high p4" 15.5 3300 0.27 | 6.3 GeV | 3160
Non-central high pf" 39.7 13000 0.35 | 7.7 GeV | 12829
VBF loose 3.4 250 0.22 | 7.6 GeV 274
VBEF tight 3.4 71 0.40 | 7.5 GeV 79
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CMS HH-yybb

Phys. Rev. D 94 (2016) 052012

o b N N w
o a o o o
| T 1T | T 1T | LU | LU | T 1T |

Signal acceptance x efficiency (%)
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- CM gg — HH — yybb, ¢,=0. s
- Simulation —=Bothcat. ..... High-purity cat. x=1. -
o Bothcat. « High-purity cat. x,=0.75]

pBothcat. 4 High-purity cat. x=1.257

M < 350 GeV
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— Kx=18M

0.02
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CMS HH-yybb

19.7 fo' (8 TeV)
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ATL-PHYS-PUB-2017-001

weeezee Future prospects

CMS-DP-2016-064 A, i
= Measurement of onn and determination of Aunn are one of the main pomts of
the physics programme at the HL-LHC (3 ab-' of data)

= Two alternative approaches to estimate the sensitivity to HH production

@ 0 parametric simulation of 0 extrapolation of results from CMS,
TLAS upgraded detector response 183 TeV, 2.3/2.7 fb' to HL-LHC | =~
EXPERIMENT (conservative: current results not -
z oy A optimal for high luminosity)
% 2.5 - Simulation Preliminary -mig - CMS Frojection f5=13Tev  SM gg — HH
: _E.u V, 3000 b ] bb]f]/, LR I RN LN RS IR R ) )
T 2— 7 bbrr and — EGFA1652 — Stat. Only S|gn|ﬁcance
§ 15 | bbbb ] |
n L .
A 1k studied e — | bbyy 1 60_
0.5 ! Mot — bbTT 0390-
R, e | bW 0450
o Best significance is 1.05¢ from bbyy Moy ———+—— bbbb 0.390

expected uncertainty

Combination of final states and of ATLAS and CMS will be crucial to observe HH production

15.

19/03/2017

Luca Cadamuro (LLR) Search and prospects for HH production




High-Mass yy

ATLAS Preliminary Vs=13TeV, 154 fb"  Spin-0 Selection

FX / m, [o/o]
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High-Mass yy

1

Local p-value
S

Oc

N
Q

ATLAS Preliminary

............... ] —— Combination

Vs=13 TeV, 15.4 fb™
Spin-0 Selection
X—vy, NWA

----- 2015 (3.2fb™)
----- 2016 (12.2fb™)

700 720

740 760 780 800

500

] | | | | ] ] | ] ] ] ] | ] | | | |
1000 1500 2000 2500
m, [GeV]
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Measurement Frameworks
for Run 2 and Beyond
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STXS S'l'(]ge | YR4 Section Il.2

Larger 2016 dataset = Can populate finer bins: -

* ggoF: i |
1. N.__split =19 &

jets

.+ VBF cuts
> 2-jet pa 00

.

}3]

~

2. p;" split for 1,2 jets (p," for VBF-like 2 jets)

VBF & (V=had)H :
1. Split VBF, (V—=had)H from kinematics
2. split off “BSM” (high p,) and rest

3. p;"" split to match experimental jet veto

— )

* (V=lep)H .
* Split W=alv and Z=ll/vv from —
p / qq/gg VH (H + leptonic V')
. Vv
pT ! Niets il
_ (EW gqH incl. VH — qqH) | qqh_ﬂ |
[ 1
| e | w— o | & |[z2o84+v |
P [0, 200] 2
‘ ) 4

EATTN

(+)

L+ ¥ [250, oo



https://arxiv.org/abs/1610.07922

SMEFT

* SMscale ~ v =246 GeV, no BSM physics seen below A ~ 1 TeV
= parameterize the BSM using an EFT extension of the SM

d< 1 d= d= 1 d= d=
L:L<SM4>+PZC§- 6)05 6>+PZC§ 8)05 T

*  Usually(®) leading effect from interference of d=6 and SM ~(v/A)? and can
neglect d=8 and | c@=9 |2,

= Report experimental constraints on the ¢, compare to model predictions

« Straightforward to extend to higher orders in SM couplings

- Many operators: 2499 for n Jon=3
— Forn_, =1 (or MFV): “only” 59

* Operators involving the Higgs boson can be reduced to 17.

*  Many ways to define the operator basis on which to expand: SILH basis,
Warsaw basis, Higgs basis etc. ) Some restrictions may apply, see YR4 Section 11.2.2 for details 74


https://arxiv.org/abs/1610.07922

A BeS'l'i(]ry of SMEFT Operqfors (D YR4 Section 1121

Using Higgs Basis, as defined in YR4, ignoring flavor (n gon=1Or MFV)
— 17 operators (10 CP-even + 7 CP-odd) involving the Higgs boson

Tree-level ggH (c))  Tree-level Hw (k) Tree-level HZy HZZ coupling modifier (k,)
el S R g e dc,
H Z, z"
Modified Yukawa couplin Modified HZZ interaction
Modified H?® Coupling _ Piing . - :
magnitudes (k) and phases with derivative couplings
L v
/ HZ,,7""
i Czz
--—-@ oA . ®c, HZ,0,Z"
X Czy
H \

= k framework with effective (x k) + CP-odd couplings + modified HZZ structure -



https://arxiv.org/abs/1610.07922

A Bestiary of SMEFT Operators (2)

— 46 operators not involving the Higgs boson

* 16 W,Zff couplings modifiers + W mass shift dm

- ux"
sm, [69%°i;, [695%:5, 169 Yijs 109745, [092%i5, 09795, [695%:5, 095 Tijs
[daulijs [dadlij, [daelij, [daulij, [dadlij, [dzelij, [dzulij, [dzalij-

* 4 corrections to triple-Z and triple-g couplings

ZD

Az, Az A C?)G) 63G

* 25 four-fermion couplings

. / . J : - : S ,
Cff: quq: qu: («Eq: {‘fqﬂ ﬂquqd: Cquqd: ﬂéequ: ﬂfequ: (Jﬁ’edq:

S S S J S .y S . . . . S J
Cles Clus Clds Cqes Cqus Cqus Cqds Cyqs Cees Cuus Cddr Ceus Ceds Cuds Cyy

Can be constrained using precision EW and flavor measurements

= Global SM fits are critical to fully constrain the SMEFT
= For Higgs measurements, can focus on the other 17 operators

YR4 Section II.2.1
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https://arxiv.org/abs/1610.07922

Effective Lagrangian Interpretation of H— vy Differential Results
PLB 753 (2016) 69-85

Reinterpret ATLAS Run 1 H=yy differential results in SMEFT-inspired effective Lagrangian

Use 5 distributions : p.", Niets’ m,, A¢ii, p/'. 24 bins g ; y
. - : c
Consider 6 coefficients: ¢, ¢, ¢, + matching CP-odd ~ »  "9¢ Y
i I I T I T I I I I I T I I I I T I T I T I T ] C
3 Impact on gluon fusion H— yy, \s=8TeV - g9 CYNy
[ T, =0.0001 --c, =0.0002 ATLAS Simulation - g g

=
w
2
2 i
S , 5[ Impacton VBF+VH E
=2l ..z,=005 -G, =01 ] z
E / / - G
2 . P 8 !
LLRLRL RN A r CZD H -=-=-=--
1.5 _ o 2" '
4 12 12
1 sz |Cuw + Syenp — 47 she,
9°+4g g
, [s=8TeV, 20.31b" ATLAS
0.5 100 &
52 52 79 104 105 209 !go =
S R S 00 %O Lo - _5
= ©
90 97 127 225 216 205 [EM° S
+1.0 a0 +1.0 +0.9 EI=H0) 140 —60 8
- — 50 5
. 4 . _¢| 77 143 [ 230 NESNNOBENNS0ON 194 153 (WEli0 =
Same data for each of the 5 distributions 1| £io i SRR -0 o (W 2
, . T oo @
= Include correlations, measured in dafa 280 125 41 37 43 03 | |
using bootstrap. 020 2030 3040 4050 5060 6080 80-100 100200  °

P [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2015-02/

Effective Lagrangian (2) -

Fit deviations in H-yy differential measurements:

3‘ 102 [T | T T T T I T I T | T | T | T T T T I T I ]
=" Fpp—>H-> vy, 's=8TeV, 203 b ¢ data
b}g C ATLAS — Standard Model
- g, = 0.0001
-~ T,y =0.05

f“[i

Q/b'gl T T T TTT

S & % 0 6 2 NN NN O 2w a 2.9 S 3 G —
B %% 9 5B 07 PO RE R Lpdag 3 4
Y > % N > P P Qo %% i @
(] = \p-lr |[G\ev:|| LI - L j\etsl T ‘rnjll [GeV] T A\¢fl_ pT [GEV]
o
- 0.4— pp—H->yy,(s=8TeV,20.3 1" ATLAS —
ng L //"_—'“\\ i
L ~ o \\ N -
0.2 Y = B ]
L / S \ 1
Y 4 \
i // 4 \\ \ ]
0— ‘\—‘_( }_\4._\_| ]
S N :
L \ N N \__/// // 4
-0.2- N W / _
- 01 95%CL \\\_ =" | % Standard Model -
T PE 68%CL 7
'0'47. A B R S R
-0.6 -0.4 -0.2 0 0.2 04
T, x 10°

= Weak constraints on ¢

L A B T
0.4 pp—H-—y7y,Vs=8TeV, 20.3fb" ATLAS _|
L — T~ ]
0.2 proimnN :
- /A A\ 1
ol [ 4 ) | i
i \ /] ]
i \\ - \// ) ]
0.2 Caw = Cup ~L - * Standard Model
| éuw = CuB Tl 95%CL i
-0.4— B 68%CL ]
I T B B B

-0.2 -0.1 0 0.1 0.2
EHW
" Lpp—Ho—yy, 5=8TeV, 2031 ATLAS ]
. Al :
0.0005— // // N\ —
E Py A - ]
0:_ ;—/_: = —=T=
Z < — > ]
0.0005 =G P /:/4 == -
C O\ /// 7 ]
-0001:_ \\ \\ // / / * Standard Model_:
C \\“ (b/ 7 95%CL ]
-0.0015F \ / = -
C J ' mm es%cL ]
1 ) ) ) | . . ) | ) ) | ) . | ]
-0.002 0 0.002 0.004 0.006

¢y

Most information still coming from rates
= Strong constraints on odd+evenc , c,.

4w @nd odd vs. even

Vary at most 2 parameters simultaneously

Need to include all relevant parameters simultaneously for a full SMEFT analysis
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Higgs Pseudo-Observables

Idea: encode all the experimentally available information with only weak
assumptions (e.g. crossing symmetry)

o ; .
7 L L .
S q

* Report experimental measurements as POs, and compute them in specific
models

* One PO per accessible observable )
— H=3yy: T(H-yy), or k,, = (H=y7) /T, (H=7y) + CP-odd parameters
— Hoff : T(H-ff), or k, = T(H=f) /T, (H-ff) > where experimentally
accessible
— H=VV-=4l: Separate POs for
« HaV.V.and H=V )V, /

* Resonant and non-resonant contributions (H—- Vff)
— Use the same “VV” POs for VBF and VH production

YR4 Section lll.1
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https://arxiv.org/abs/1610.07922

Higgs Pseudo-Observables

From YR4 and
G. Isidori’s tfalk at HC 16

Process CP-even CP-odd
H=VV Kyps €170 Ky K £, 8, 8
(no cusfodial symm.) (¢ e )

H_)V" SZeL’ SZeR’ 8Zv

no custodial symm.

( y ) (Re eWeL)
VBF, VH ( d | ) 8‘ZuL’ GZuR’ 8’ZdL’ 8’ZdR

no custodial symm.

y (Re 8WeL)

H—ff Kk, (f=1,b,7) o,
ggF Ks
r K

H

H

Total : 17 CP-even + 6 CP-odd POs (no custodial symm. : 21 + 8)

Assuming flavor universality
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http://indico.cern.ch/event/477407/contributions/2200080/attachments/1369922/2077113/PO_SLAC.pdf

Open Issues

* Need MC generators to provide predictions:

— HC/JHU: used in Run 1
— SMEFT: NLO generators being validated

— POs: under development

* TJools for multidimensional measurements (Morphing)

* How to report the likelihoods ?
— Last bins in distributions always have low statistics, not Gaussian

35—

T T
- ATLAS Preliminary ]
30 Vs=13TeV, 13.3 fb(yy), 14.8 fb7'(22) — observed —|
— expected ]

2In A

- m,=125.09 GeV

— Noft very Gaussian even now = Covariance matrix is not sufficient

*  Which framework to use for reporting ? Many possibilities:

Data

Fid. o
Diff.

—

STXS,
Pseudo-
Observables

SMEFT,
Effective
Lagrangians

Models
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Decay modes

Q'
=
b

1011
106
10°
104
103
107

101

1071
1072

10-3

Mode BR Yield Usable Yield Obs. Z
A Ototal (x2)
DA© inelastic H—bb 58.1% 1.IM (V-l)H-bb 7000 2.60
incl. /
e 01<p7<2TeY H>WW | 215% 400k  H-slvlv 20000  >5¢ Lo
: 2 - 4.9fb E
[ o3<m 5Ty Hott 6.3% 100k  VBFH-tt 1000 | 5.50 4
= ml\em =
P pr>586V | HZ2Z 2.6% 50k H—4l 200 >50 (-1 -
3 E
i Hovyy 0.20% 4k All 4000 >80 , :
I AV 4]
E \ A nj>1, nj=0 o — AN A e ]
2 ) i:l—25 P O A O Tao o & ATLAS and CMS - ATLAS+CMS : 3
- pr>100 GeV n;>2n; > 1 o J:Lt-chan V_|V:|. LHC Run 1 = ATLAS -
> WOk n;>1 o 7A74°.7 WA W l:Et B -+ CMS -
F n>d22 Wt (o mOm E e .
- S ;> 2 . WZ A o | U —— — 20 ]
E _>4nj230 o ‘Z:Z. W WZ‘A 99 B _
e Vil ﬂ-nj23 n;>4 A 7 On H—1 — E
C O- VA4 H J
C n; >4 0" nf%? e 12 ——-——___‘__ .
L hﬁ5aﬂinj24 n;>6 H— | * 3
: Many decays with good sensitivity s BT _— '
El , , , , ! - i 3
= many windows info Higgs properties! :H'_t e e :
3 Crifical to understand backgrounds! HosZi - 3
i g ey bb ———— o
] 2.50 deficit in H-bb H — W
3 L N I I N
G Parameter value N
PP Jets Y w Z tt t \YAY/ YY H Vy ttwitZtty Wijj Zjjww ZyyWyy szﬂ \E/ij
i fid. fid. fid. fid. tot. fid. fid. fid. tot. tot. fid. Ef\ilc\;;.( Ef\llc\;K I;(X;tl fid. fid. fid. %’2
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