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I K-framework and PO

Couplings, K

Parameters scale cross sections and

partial widths relative to SM

2 SM .2 _ 1 /7SM
hJ—(TJ/(TJ h]'—rj/].—‘.j

;- l"f

o, - BR/ = .
I'y

Total width determined as
2 rSM

K .
rH — H H
| - BRBSM

2 _ ' ] 2
Kg = E BRS.\Ihj
J

At first, signal strengths u (ratio of observed

cross-section to SM predictions)

-+ Good to verify H(125) properties and to check

compatibility with SM

- Not ideal parametrization when introducing

NP

Second step, K-framework:
- Disentangles production and decay

mechanisms. Notation ki = {ki,Kkp,Kz} ; ky =
{kw,kz}

- Effective coupling modifiers for processes

with loops (Kg, Ky, KH...)

- Also possible to describe as coupling modifier

ratios Aij=Ki/K;

- Production processes: ggF, VBF, WH, ZH,

ttH

- Decay channels: HZZ, WW,yy,tt,bb,un

Next step: PseudoObservables (not for this talk)
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'H coupling to bosons: WW

Good S/B ratio, with relatively large

CMS

4.9 b (7 TeV) + 19.4 fo ' (8 TeV)

I"'!"'_'IIIII
background H— WW (all channels) |
. . . ofcsg, = 0.72" 020 T ¥HIG-13-0231
vin the final state. Worst resolutonwrt2zZ2 = ™| | _;_ _
Analysis on 2D templates on (my,mtH)  2i2v+014e H
olog, = 0.74" 050
Run1: | |
- 2-3 high-pr isolated leptons (l=e,p)+ 212v + 2-jets, VBF tag :
MET, with categorization based on jet =00 e )
multiplicity (0,=1) and lepton flavours ., 5.sts, v tag
(ee,eu,uu) G/GSM=O.394:1:2;
o CMS Preliminary _ L=23/b (13 TeV) N
£ . F | | L 313v, WH tag
o 180: = DY ) —E ¥ ooy, = 056" 1% -
L 160 tW and tt = ' | | |
140 [ VVV 3 .O....1....2....3
- [_]Higgs = .
:ig_ 77} Systematics E Run2 (2015): Best fit for o/o,,
a0 : - 2 high-pT isolated leptons (1e,1p)
60 E Separate ep/pe categories to exploit
401~ % 1 : :
20 § 2T ~ . 3 ' %: dlffe rences in fake rate
N TR R 30 ; - Signal strength riobs = 0.3 £ 0.7
m, - My
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t
CMS Preliminary 12.9 fb™ (13TeV) H L
N 7_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
g‘IO = ¢Data Simulation background SM H—yy, mH=125 GeV
%)106 - Ejet jet =3gBI; t
= jet -
U%, : = IV | VWV 7
10° N\ MC stat. uncert. [t - Very clean channel for discovery and signal
- strength measurements
o0  Search strategy: peak over (abundant) and
regular background
2 . .
10 - Vertex+photonlD+kinematic BDT to select
10

and classify the events
- Indirect probe of coupling through production
loops
- Categorisation:
-4 untagged categories with different relative
dhitsgeee] 2 yEmmeRy  contributions of VH/ggH | |
- 2 ttH-tagged categories (leptonic/hadronic

- Untagged 1 top decay)

« 2 VBF-tagged categories
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H coupling to bosons: yy

CMS Preliminary

12.9 b7 (13TeV)
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L o0 ] confirme ity but higher
“ luminosity results are
3C|V|S Preliminary 12.9 fo™ (13TeV) on the WaV
1o 3 —
25E—H%Y’Y zi CMSIPnI'—)IimIinaIry _ I129fb (13|T(?V)
F my Profiled 8 T H—yy - Combined = 1o
o[+ Best Fit
S —— Per category = 1o
1.5f" 20 5 : TTT Ml |
1: ¢ SM MggH 0.77 Jyss acombined= 0.95 igf;
SV o, — - m,, Profiled N
Mygr | 107 My =1
0 L |
-2 \ | -2
-0.5 @ MttH 1.91 11..25
O -0 02 04 06 08 1 12 14 16 18 2 © -2 0 2 T ;

=

Giacomo Ortona

LLWI2017 - LakeLouise - 20/02/2017




Low signal rate, but very clear topology wrt a small

t background (mainly qqZZ, Z+jets)

7, * 4 isolated leptons in final state combined in 2 Z pairs

2(q) H\ o+ O  Can exploit kinematical information (matrix element
~Z. N\ p'2(q) -~ KD discriminants) to separate signal and background
e f " and categorise events in different production modes.

% P » Can probe 4 different production modes (ggH, VBF,

ttH, VH)
CMS'PreIim'inary . . . . _ 129 fb™ (13 TeV)

Il ogH

Bl VBF
B WH, W—X

=1l 21.28 exp. events

Untagged REFAE(CNEENIE B WH, W—lv U n’[ag ged eventS
ZH, Z—X
VBF-1j tagged RN M0 B ZH, Z—=21

i isowx | Aleptons+1jet+high KD
B ttH, tt—1+X . .
mm tiH, 214X | 4]leptons+{2,3,4}non b-jets+high KD

VBF-2j tagged [RIGEZEY(OMEYCTg]e

MERSGIER (14 oxp. events '
tagged | 5-6leptons+<3 non-b jets
VH-hadronic : :
tagged N 4leptons +{2,3,4}non b-jets+high KD

_ |
ttH tagged [RURRSES(IRC |

4leptons+4 jets (=1b-tag) or 1 lepton

0 01 02 03 04 05 06 07 08 09 1
signal fraction
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H coupling to bosons: ZZ

Signal strengths in run2
are consistent with SM
expectations

ttH production is being
reported for the first time

by CMS in the ZZ channel

CMS Preliminary 129" (13 TeV)
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'H coupling to fermions: bb

Large amount of SM processes with 2 b-jets in the final
state
* Necessity of kinematic handles to separate signal
from background
Instead of probing gluon-fusion:

‘ Smgl?'tOP +H HIG-16.019 | | CMS Frosminay 23tb " (137eV)
Top+Higgs interference in tHq diagrams is destructive in SM, while it . oD s tH - med. oxpectedmt |
. . . . . (& — —e— observed limit 11
is constructive for inverted top coupling. Can probe kt sign = H - bb L bl oxpoctos - 1 . G
$ ’ expected + 2 std. dev.
° VBF\ HIG-16-003 g 1000 Feeer, o tH cross section
- VH |
CMS Preliminary 19.84Q” (8TeV) +2.32 fo™ (13TeV) CMS simulation Prelif\nary g
J 77 T | T TT | T TT |“| TT | TT “ll TT INl TTT T |" TT | T 1T |',|7 %
f= ~ | VBFH—1bB * S °
< 6 o . g
C}l L —— 13TeV Observed i < &)
5 . ---13TeV Expecteg‘ l ] 40.0 g 2
L 8TeV + 13TeV Observed - &
[ --- 8TeV + 13TeV Expected 1 . % 1 |
4 ’ig%oL | L 7{ - 8 -3 2 -1 0 1 2 3
i & g Fit
3F ] =
B 7 c . .
: : =2 |tHqg exclusion (2.3fb-1):
21 7] o
o 1 S cobs = 113XosMm
17 e _ <
: el YN : 1.0 Oobs = 6XO-ITC
O | 11 111 111 11 | 11 | -3. . ]
i A P Still some way to go
v

tH ~Arace cartinn (nh)
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oullng to fermions: 1t

CMS, 19.7 fb™' at 8 TeV

N H|gh'Energy Phys. 05 (201 4) 1/04 ij

-» e O ey o
Most sensitive fermionic decay channel % 50 E e =i

. 14000 + [ Electroweak
Final state events organised in channels according ocofs - o

to T decay

Jet-tagged and VH-tagged categories to separate
different final states

Likelihood based algorithm to reconstruct T mass

Cut on transverse mass mrt to improve S/B i
. . ) m; [GeV]
Main focus@13TeV on BSM interpretations (so far) . aoSusfymesnatr ew19rm atsrey
CMS, 4.9 fb'at 7 TeV, 19.7 fb at 8 TeV CMS, 4.9 tb™ at 7 TeV, 19.7 fb' at 8 TeV ~ [ m. =125 GeV 95% CL
. r — . . . . : v r T L H o
my =125 GeV 0-jet ® : m,=125GeV ﬁ:) - 68% C_'-
B 0.34+1.09 o J Best fit
-0.54:1%2 151 ¢ su 7
1-jet eu
1.07:0.46 50 0.9051.03 J—
..__._. Th'h 1.0} Q ________ —
§ 2-jet (VBF tag) : 1.31:0.63 . P
§ 0.94:0.41 : er, :/
5 i 0.31=0.55 1 +
H+LL' + I+L : wt
i * _(:.33:1 ;2 1.01:0.42l 05 — - -
: I+LL' + I+Lv,
: H ¢ : -0.33+1.02
; —>TT c B
—47 0.78+0.27 | H—tt .
, \ \ . 0.78t9.27 0. oo a1 'R R TR TR T N TR TR
0 — 95 4 0 2 ?).0 0.5 1.0 1.5 2.0
Best fit u Best fit u Ky
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H coupling to fermions: muons

Difficult measurement, very small branching fraction
B(H—pp)=2.2-104 (and even smaller to electrons).

- Search for bumps in the invariant mass spectra of

iIsolated OS lepton pairs
* Events categorised according to the number of jets

(<2,=2)

- Not sensitive to the SM yet. Run1 excludes ~7xoswm

Useful channel to test for H couplings scaling and

BSM physics.

H—w'w
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———————r

—_
o
o
o

> T T T T T T
3 - 0,1 Jet Tight BB —e— Data CMS ]
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H—uw
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60

T —e

Observed limit
Median expected limit
+10 expected limit

+2 o expected limit

CMS -

ut. , 0 Jets
had
4.17% (exp.)
4.24% (obs.)
A 1 Jet
4.89% (exp.)
6.35% (0bs.)
e 2 Jets

6.41% (exp.)

7.71% (obs.)

uc,, 0 Jets
2.24% (exp.)
1.33% (obs.)
ut,, 1 Jet
4.36% (exp.)
3.04% (obs.)
ut,, 2 Jets
7.31% (exp.)
8.99% (obs.)
H—ut

1.62% (exp.)
1.20% (obs.)

CMSP eliminary

® Observed

X Expected
\: + 1 std deviation
\: = 2 std deviation

— 8 TeV [Phys. Lett. B 749 (2015) 337]:—]

‘ HIG 16 005 ¥

:

0 5 10 15 20 25
95% CL Limit on Br(H—ur), %

Also possible to probe LFV
coupling, in H—Il decays

In Runi:
- BR(IF
- BR(I

BR(

—nt)<1.51%
—e1)<0.69%
—en)<0.035%

2015 sensitivity already close

to runt

BR(H—put)<1.2%
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'Combination of couplings (Run1)

[ o ATLAS and CMS Ou-n 1« ATLAS and CMS combination are largely |
- J+-w | in agreement and compatible with the SM
2r «-w 1+ Huge effort to process the results (and systematic
: (ﬁ | uncertainties) coherently among the experiments
1 * * . . - . .
| w | » No evidence of deviations observed in run1 (given
of 1 the uncertainties) neither in signal strengths nor
: couplings
_1:_—68% CL + Bestfit x SM expected _ * Run2 reSUItS Comlng In nOW fl:ll-l&AF{suﬁr;d s :21324-0'\/'8
i oo
Mgg F+ttH MggF —+— — ;20
¥ [arasandems | |, ¥ [ATLASandcMs = Datasiows | B T
2ILHC Run 1 ] | LHC Run 1 [JATLAS u e
[ T I [Jcwms 1 VBF e
—— 68%CL ¥ N, i 14r j B
Py @ >~ 1 | | - —=
I *  SM expected ] 1.2 i j —
T ; : Mon _-_h__
I @ ] T i | P
_1:_ @// _ 0.8:— - " —
" [Jcombined SH_)W : _ _
_2:_||:|Hffrl H=bb _ 0-6—_—68%CL ------- 95% CL +é;;;‘lil"[‘w:mSMexpected_- " ....|....|....|..ﬁ....|....|....|....|....
0 0.5 1 15 Kf2 06 o8 1 2 a1 1f6K 1-050 05 1 15 2 F)2.5 3t 3.5I 4
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‘The big picture

» k-framework scaling model is very
effective in predicting the value of the

couplings

- Still room for deviations, especially in the
unprobed low mass region
» But room for BSM is closing down

(Besm<0.34)
ATLAS and CMS — zT0
LHC Run 1 -~ ATLAS+CMS -+ ATLAS —+CMS — +20
K — —‘I —— —E——
z — = — ——
Ky — = — il
b | —o— —or
hicy, _IE_ _—:—'_—_E_
i - —
ic,| — -
L lKV' <1 1 | B 0 1
Bgsum Bgsw = 0 *— BSM ™
IIIIIIIIIIIII IIII I IIII IIIIIIIIIIIIIIII IIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
1.5 1 0.5 0 0.5 1 1.5 2 1.5 1 -0.5 0 0.5 1 1.5 2

Parameter value

> T ' rrrrTTT ' rrrTTT
S |§ 1F ATLAS and CMS
o - LHC Run 1
S
ELL|> 10‘15— =
LL -
A4
1072 E
¢ ATLAS+CMS _
------- SM Higgs boson
107 F u 99 E
L — [M, €] fit
P 68% CL
[ 95% CL
10_4_..1? ] i Ll E
107" 1 10 102

Particle mass [GeV]

Very difficult to probe this scaling
beyond current range at LHC, but
precise measurements are arriving
from Run2 to reduce uncertainties
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Prospects

CMS Projection

0P -2016-042 ] IR
bncunmnastunr syt I|§|Xgpec'(Be(()ﬂ |(i)migs. (())?nalo 3 olings —— ECFA16 S1 (300fb™)
. . . . iggs Boson an us couplin
Projections for CMS performance including R
detector upgrades for HL-LHC o2z o
my = e
Systematics kept constant (S1) or scaled (S2) |
a3
Important reductions of the uncertainties in the | z
a2 [
H—yy and H—=ZZ channels (22

Will gain access even to rare production modes |l ottt
expected 95% CL limits

CMS iTrojeqtiqn| ——— I:’:poc?fbl'1 (13|Te\|/)| CMS Projection 3000fb™ (13 TeV)
I | L L I | L I | L | L | I L | L
ECFA16 S1+
H—ZZ* — 4l —— ECFA16 S1+  —— ECFA16 S2+ - H-yy ——— ECFA16 S2+ —
MYY
77 + 0.02 (stat.) =+ 0.04 (exp.) = 0.07 (theo.) — +0.01 (Stat) +0.08 (exp.) +0.06 (theO) ] .
o on et - 0.0 (0 - 0.08 (o ] £0.01 (stat) £ 0.02 (exp) 2 0.03 (theo) | Extrapolations based on
Y
Moo Hggn | 2015 data
e |— - < Analyses already doing
1l .
2z ,, _ - their best to overperform
VH 1l
} - - these predictions
Wi H B Hn |
e e b L 1 Loy v bov v by b v b o Ly g
0 0.2 0.4 0.6 0.8 0.1 0 0.1 0.2 0.3 0.4 0.5
expected uncertainty expected uncertainty
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Conclusions

19.7 0" (8 TeV) + 5.1 o' (7 TeV)

The measurement of the couplings of the Combined "
Higgs boson to SM particles is one of our best H -1 triagsed ?N_'OSM t
. — Y ag sm~

handles to explore BSM physics H— vy (VH tag) —m—

H— vy (ttH tag) »

H— ZZ (0/1-jet) ']

- . 1 : H— ZZ (2-jet) N

CMS is proyldlng an e_xtensw_e measurement T o e J
of the couplings covering a wide range of H— WW (VBF tag) -

. H— WW (VH tag) —
production (ggH, VBF, VH, ttH) and decay H - WW (ttH tag) =
(ZZ, vy, WW, 77, I, bb) modes s v (VBF o)

H — tt (VH tag)
H — <t (ttH tag) |
The combination of (Run1) results with ATLAS ﬂ:gg%g IZS; T
showed very good agreement between the 4 2 0o 2 4 6

Best fit O/GSM

experiments and with the SM predictions, with
fermionic/bosonic scaling holding up nicely

The BR for BSM physics is getting narrower (<0.34 with Run1 results)

New results are coming soon for Run2 results at 13TeV, and prospects for our
capabilities to precisely measure the H couplings at HL-LHC are looking good
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Run1 signal strength results

o = s
- Small (~20) overfluctuation in ttH | =
I el
- Not large per se, but we are starting to see it in -
many channels across CMS and ATLAS i, —
AR BT NPT RPN B
- top-Yukawa coupling is the strongest H coupling, 167 57 (@ ToV) + 5.1 51 (7 ToV)
if confirmed it would be an important hint of oy [CMS - mmiase
modifications in the SM loops
Untagzgsgh 0.16 -
- Let’s wait and see for confirmations from Run2  veriagges |
VHta_gged ol
ttH tag;ged -
012II l4

3
Best fit G/GSM
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Higgs production at the LHC
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* Higgs production at the LHC dominated by gluon fusion
- At 13TeV, VBF and ttH accessible, providing informations on VH, H-t

coupling
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I HVV anomalous couplings

CMS Preliminary 15.7 fo' (13 TeV) CMS Preliminary 15.7 fb" (13 TeV) CMS Preliminary 15.7 fo' (13 TeV)
T T T T ‘ T T T T ‘ T T T T ‘ T T T T 1 {, T T T T ‘ T T T T ‘ T T T T ‘ T T T T + L T T T T ‘ T T T T ‘ T T T T ‘ T T T T l

— Observed, ¢ =0orx i — Observed, ¢ ,=00rm /

10 —“". :':_
— Expected, ¢ = Oorm : 40 -oeeeeee Expected, ¢, ,=0o0rm —

20 — Observed, ¢, = Oorm

-2AIn L
-2AIn L
-2AIn L

S Expected, ¢_ =0 or m

15

T T T T ‘ T T T T | I —H

Expanded HVV

.20 . .
_ fa= el ¢ =arg (‘2) , amplitude to include
» ai|2oy + |ay |20y + a3 |20 + Fa1/ (Ag)” + .. 4 | ing i
020 N anomalous coupling in
a2 = - - - ~ ’ 4’“2 = ar (_) ’ h N I I Fe.
J a1|20q + |az|20 + |as|203 + Fa1/ (A1)* + ... &\ 7, the tensor structure
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ZZ: event distribution by category
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CMS Preliminary 12.9 o' (13 TeV)
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'H coupling to fermions: Tt Run2
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