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Introduction
Direct width measurement

20p T T T T T T |
o The Higgs decay width is a fundamental £ 1gATAS 1
parameter of the SM: 16 ?;fil;:lﬁ E
o Relates to the Higgs couplings to all ﬁ: Forev [ur=2an’ :
massive particles 10F _Lomemenamer :
e Sensitive to BSM contributions 8- 9
@ Direct measurements of I'y: j:% E
o HZZ— 4l i,
My < 3.4 GeV (CMS) PLB 736 (2014) 64 e B B R R S S
My < 2.6 GeV (ATLAS) arXiv:1406.3827 r,[Gev]
o H— vy 19.7 b (8 TeV) + 5.1 fb’ (7 Tev)
h < 2.4 GeV (CMS) arXiv:1407.0558 S ows
M < 5.0 GeV (ATLAS) arXiv:1406.3827 of "
@ 3 orders of magnitude larger than SM L
prediction: 'y = 4.15 MeV T B

We can use indirect information from the .
off-shell Higgs production to put further 2 festeeven)
constraints on the Higgs decay width '
B talk by G. Passarino on thursday
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Off-Shell analysis = Theory and statiscal model

H —ZZ in the off-shell region

N. Kauer and G. Passarino, JHEP 08 (2012) 116

2 My

| ww))

@ Peculiar structure of the signal

. distribution: enhancement of

BTV the H(126) cross-section in the
- i : high mass region
L ° w .
dms,

F(mzz)

we |
BggHBHZZ (2 —m2)+ s,

@ Destructive contribution from
the interference reduce the
effect

i . @ About 7.6% of the total

100 cross-section in the ZZ final

state, but it can be enhanced

00 20 2 100 by experimental selection

101

10

G. Ortona University of Torino Scalar boson width measurements at LHC

Rencontres du Vietnam 2014: Physics at LHC and bey , hon (Vietnam) 2014-08-11 4

4



Off-Shell analysis = Theory and statiscal model

Constraints on the width from off-shell measurement

F. Caola, K. Melnikov (Phys. Rev. D88 (2013) 054024)
J. Campbell et al. (arXiv:1311.3589)

The gluon fusion production cross section can be written as
doge -2z F(mzz)
dmz, O 8esM8HZZ (mr —p2y Y7,

We can use this formula to set a constraint on the total Higgs width

2 2 < 10%e T T | 3
@ On peak cross-section: aggihﬁ,L 7z~ EHEHZZ 8 L ATLAS smisinPrimnay @-oto
. . > . HI H é 2 99 - 2Z - 2e2u ]
peak yield constant if couplings scaled in the = 10 r’ML\. —w-w 2o
appropriate way § ", — g9 ()22

=
S}
G

99— (H*-)ZZ @, =10)

2 2
; i . ~off-shell ~ Begr8hzz
@ high mass region: OggsH—s22 ™ “(omg? 10%
off-shell yield proportional to the scale
10°
°
10° Ll e Ly M
200 400 600 800 1000
@ Interference must be taken into account. m, [GeV]

Holds for BSM as well as long as the couplings ratios are unchanged i.e.
the dominant contribution to ggH is the top loop and no new particles

Wtributions.
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Off-Shell analysis = Theory and statiscal model

K-factors and ZZ production

g ———Fwwwwww-7Z g 2 z 9 t H 4
q q g th
[o} Swwwwww-Z g i z 9 t Z
@ Signal/background/interference 28
processes are taken into account 26

(interference effect)
o NNLO/LO kFactors depend on mzz

Passarino, Eur.Phys.J. C74 (2014) 2866 " W/
2.0 4

@ CMS: Same kFactors applied to signal
and continuum (plus syst uncertainty)
M. Bonvini et al.(Phys.Rev.D 88 2013),
ATLAS provides the results as a
function of sig/bkg kFactors ratio RE.

2.4

184

o NLO EWK Corrections 100 200 300 400 500 600 700 800 900 1000
H virtuality [ GeV]
o 5% decrease of qg — ZZ at 700 GeV

&%u to 10% uncertaint
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Off-Shell analysis = Theory and statiscal model

Statistical model

Build the Probability Density Function and perform a likelihood fit on it:
,P&f:—shell()?) —

[t X (T /To) X PEE(R) + /jaars < (T /To) x PE(R) + PEL(R)] +

[/1\ Br X (Th/To) X Ps\./,;;BF (X) + Vuver x (TH/To) % P.VBF )+ P[XgBF(X)}
+ Pieg(X) + - ..
More background contributions depending on the final state
Free parameters in the fit:
@ Signal strength scaling wrt SM expectations and
o Obtained from the on-shell H—ZZ— 4/ analysis
@ Ratio of the observed boson width to the SM Higgs width 'y /Tg

o Obtained from the off-shell analyses of H—+ZZ— 4/ and
H — ZZ — 2/2v decays

o ATLAS: no jet splitting, RE., toffshel instead of 1,1 /To

The on-shell part of the spectrum is used to measure the signal strength,/
&% off-shell to constrain the width
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Off-Shell analysis = Experimental setup

4| analysis in the off-shell region

CMS (unpublished) 197 fb (8 TeV) + 5.1 fb* (7 Tev)
0 T T T

L o Daa 4
rrrrrr All contributions (I, = 10xI ¥, i = 1)
9gHVV - ZZ (T, =riMu=1)
Eq- 2z

@ Same experimental selection as on
the on-shell analyses
CMS:PRD 89 (2014) 092007
ATLAS: arxiv:1406.3827

@ 2-dimensional shapes are used in 20
the likelihood fit:
4/ invariant mass: my; > 220 GeV

40

Events / 0.05

0.8 1

Matrix Element Discriminant: MELA D,
D _ _Pega
8g,a — ng,a+an - CMS(unpubhshed) 19.7 bt (a'rev)+51fn (7 TeV)
i _1 £ [T
P ~ ol gg+W -2Z(, = 10x 5", H,=1)
1+ " bkg @ [ ggHWY — ZZ
e 3
axPE +Vax P+ P, :ij — R

@ Based on the probabilities that an
event originates from qg or gg.
Includes sig, bkg and interference.

@ a = 10: strength modifier due to
[ changes Affects the maximum
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Off-Shell analysis = Experimental setup

2|2V analysis in the off-shell region

25 o
ATLA Prell Q+VBF - (H*-)ZZ
S Preliminary

2z
[H-2Z -2y w2

@ Analysis technique as in high mass Higgs
search
CMS: 10.1140/epjc/s10052-013-2469-8
ATLAS: PRL 112 (2014) 201802

@ ATLAS analysis further optimized the cuts in
order to reduce the shape dependent
theoretical uncertainties of the mr

@ Only 8 TeV data sample

r Vs=8TeV: fLdt=20.3 "

Events / 30 GeV

m; [GeV]

CMS (unpubhshed) 197t (5 TeV)
T

£ 10° prprrrrrr RRRRRRERES RS RRRARR=
S pw fﬁf.‘lim.m..‘,w oy @ Larger BR (x6) than 4/, but larger background
2 EdogsWV - 22 (T, =) ] . . .
§ Ha-z as well. Data driven estimation of the
o +Jets *E

et ] background

@ Reaches similar sensitivity to the 4/ channel

The transverse mass distribution is used as the
final variable in the likelihood fit

2
= | e e -
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Off-Shell analysis ~ Systematic uncertainties

Systematic uncertainties (CMS)

Theoretical

10% uncertainty on the gg — ZZ continuum K factor (1.0 +0.1)

2-4% QCD ren. and factoriz. scale (x2 K factor variation in gg)

PDF shape variation (MSTW2008, CT10, NNPDF2.1): 1%

qq QCD scales 4-10% + 2-6% from missing high order contributions
Bkg estimation from ¢z, tW, WW samples: 15% (8% total bkg)
from Z+jets control samples: 25% on 3% total bkg

Parton shower and underlying event effect on MET: 6%

|

Experimental
e Trigger: 1.5%, B-jet veto: 1-3%
o Lepton reconstruction: 3-4% (u), 5-11% (e)

° momentum scale: 1-2% (e, i), 1% (jets)

4

Cancellation of normalization systematics between on and off-shell in 4/.
Only those uncertainties affecting both shapes and yields contribute.
HF-B8minant contribution from 2/2v sig efficiencies and bkg estimation

G. Ortona University of Torino Scalar boson width measurements at LHC
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Off-Shell analysis ~ Systematic uncertainties

Systematic uncertainties (ATLAS)

e Without systematic uncertainties: 'y < 6.0 MeV (expected)
@ Systematic uncertainties estimated effect on pioffshenr determination

Source of systematic uncertainties 95% CL on pofr—shen
QCD scale for gg — ZZ 6.7
QCD scale for the gg — (H* —)ZZ interference 6.7
QCD scale for g — ZZ 6.4
Z BG systematic 6.2
Luminosity 6.2
PDEF for pp —» ZZ 6.1
Sum of remaining systematic uncertainties 6.2
No systematic 6.0
All systematic 79

Dominant contribution from QCD scale for gg processes
Experimental uncertainties small wrt theoretical ones

Results as a function of 0.5 < RE* <2:

30% uncertainty on the interference uncorrelated to the background

{MEERF uncertainty on RE.
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Results and Conclusions
CMS Results

@ Very similar sensitivity between
the two channels

o 41 : Ty < 33 MeV (8.0 x 's)

PLB 736 (2014) 64

CMS 19.7 b (8 TeV) + 5.1 b (7 TeV)
(42 MeV expected) 2
£ 10— 41 observed
[reeeene 4l expected
e 2/2v |_H < 33 MeV (80 X I-SM) fl F—— 2l2v+4l . observed

(44 MeV expected) :

o Combination:
My <22 MeV (5.4 X rsm)
(33 MeV expected)

o Best fit at [y = 1.877 % MeV

@ Results are compatible with the
SM assumption at the p=0.24
level

s 2A2v 4l expected

Combined ZZ observed
femenne Combined ZZ expected

4= _ 4 95% CL

68% CL

@ Without systematic
uncertainties: 'y < 28 MeV

G{*f;{@p) most of it driven by 2/2v

G. Ortona University of Torino

I, (MeV)
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Results and Conclusions

ATLAS results

o ATLAS analysis (ATLAS-CONF-2014-042) is

very similar to CMS

@ Reconstruction as in arXiv:1406.3827 (4/)
and PRL 112(2014)201802 (2/2v)

@ Cut-based 4/ analysis as cross-check for the
matrix element default analysis (based on my/)

@ Results reported as a function of

RE,

Keg— 2z
Kgg% H* »7ZZ

0 0.5 < RR. <2
o RE. =1is equivalent to CMS analysis

@ 95% CLs limits on the
off-shell signal strength fioffshel

Observed Median expected | Alternative hypothesis
RE |05 10 20[05 10 20
foftshetl | 5.6 67 9.0]66 79 107 | RE. = 1. ofpshen = |
g/t |41 48 6050 58 7.2 | Rf = LIa/TM = 1 toneswen = 1.51
57 77|70 85 120 | Rp = LTw/TH = 1 ftonshen = 1

SM
il RS

G. Ortona Uni

sity of Torino

IN
o

95% CL limit on pg ooy
= = N N w w
o (5] o (5] o a

(4]

R A e
ATLAS Ppreliminary EHzio
202v+41 combined ez

«ueeee Expected limit (CLs)
- Lt = 1
E=BTeV: JLdt=203107 o o imit(cLe)

H

95% CL limiton [,/ TS"
= = N N w w B
o w1 o (5] o o o

] .8 2 14 16 18 2
R8 = _Klag-22)
H ~ K(gg - H"-22)
R B e R maa
ATLAS Preliminary EH:10
20

22v+4l+4l,, ., combined
Alternative hypothesis:
T = o = 1

<eeese Expected limit (CLs)
—— Observed limit (CLs)

Vs=8TeV: fLdt=2031b*

06 08 1 12 14 16 18 2
RE - _Klgg-22)
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Results and Conclusions
Conclusions

The first experimental constraints on the Higgs total width using
off-shell H(125) production were presented
CMS: PLB 736 (2014) 64, ATLAS: ATLAS-CONF-2014-042
This technique proved to be a powerful tool in constraining 'y
Observed (Expected) 4/ and 2/2v combined results:
o CMS:
My =1.870%, (4.27539), Ty < 22 (33) MeV, Ty /Tsy < 5.4 (8.0)
o ATLAS:
Ch/Tsm = 0.3754, Th/Tsw < 5.7 (8.5), 4.8 < TH"/Tsm < 7.7
(7.0 < T%% /Ty < 12.0)
o Very similar results from the 2 experiments

The CMS results hold for BSM models as long as the couplings
ratios between on and off-shell contributions are unchanged
Model indipendent constraint on fiofrshen < 6.7 (7.9) from ATLAS
The presence of anomalous HVV coupling would enhance the
off-shell contributions, making the constraint tighter

Supported by Universita Degli Studi di Torino/Compagnia di San Paolo,
grant ORTO11TPXK
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Results and Conclusions

BACKUP
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Results and Conclusions

H — ZZ — 4l on-shell analysis

5 angles and 2 masses fully describe
the H—Z7Z— 4/ decay

Golden channel for discovery and
spin-parity

Sensitive to different qg/gg
production fractions.

CMS (unpublished)  19.7 fb (8 TeV) + 5.1 fb (7 TeV)

RS - paa 1
% zoé %%2\/\2{ i 7 @ 4 isolated leptons
g ; ] @ Lepton pr > 20,10,5,5 GeV
- 15 - ] @ 2 OS/SF pairs, my; > 4 GeV
wk ] 0 40 < mz < 120GeV
: ] 12 < mz, < 120GeV
’ @ Matrix Element Discriminant

based on system kinematics

G. Ortona University of Torino Scalar boson width measurements at LHC
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Results and Conclusions

4/ 1D likelihood scans

CMS (unpublished)

19.7 b (8 TeV) + 5.1 b (7 TeV)

[N
o

-2A1InL

4\(m4‘) observed

4\(m4‘) expected

7
7

80

120
I, (MeV)

CMS (unpublished)

19.7 10 (8 TeV) + 5.1 b (7 TeV)

—
£ 10 4(0,) observed
N
N I 4 (Dﬂg) expected
f— 4I(Dgg) no systemafics
6
4=
L ‘/
2 /
L L/ ewcL |
P R R B B B
0 20 60 8 120
I, (MeV)

Most of the sensitivity from the Dgg contribution.
Very small effect of systematic uncertainties, because of cancellations
with the on-peak analysis.
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Results and Conclusions

Systematics effect on 2/2v

CMS (unpublished) 197 fb™* (8 TeV) + 5.1 fb™ (7 TeV)

107_ 212v + 4l observed

on-peak

S 2l2v + 41 expected .

on-peak

220 + 4, .y EXPECtEd)
(no systematics)

6 H- zZ

95% CL

68% CL

I
60 80 100 120
F, (MeV)

h measurements at LHC
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Results and Conclusions
Yields

4/ 202y
(a) total gg (T = MY) 1.840.3 9.6+1.5
gg signal component (I'y = M) 1.340.2 4.740.6
gg background component 23404 10.8+1.7
(b) total gg (Mw = 10 x TM) 99412  39.8+45.2
(c) total VBF (Ty = T17) 0.2340.01  0.90+0.05
VBF signal component (My = MM)  0.1140.01  0.32+0.02
VBF background component 0.35+0.02 1.22+0.07
(d) total VBF (My =10 x T'$M) 0.774+0.04 2.40+0.14
(e) qg background 9.340.7 47.6 +£4.0
(f) other backgrounds 0.05+0.02 35.1+4.2
(at+ctetf) total expected (T = M) 11.4+0.8  93.246.0
(b+d+e+f)  total expected (Mg = 10 x M) 20.1£1.4 1249+£7.8
observed 11 91
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212v analysis in the off-shell region at CMS

19.7 fb* (8 TeV)

c T
S * Data
= Elog+W - 2z (SM)
2 M- 2z
o Wwz
u>J [ top/W+jetsww
Wl z+iets
67810 20 3040 10° 2x10°
ET™* (GeV)
, CMS (unpublished) 19.7 fb* (8 TeV)
£ 10 T T T
8 ® Data E
-~ - All contributions (I, =10xr 3" ju=1)
(%) LT 1
2 Egg+WV - 2Z( 3 =1 ]
1) Mqg- 2z
o [ z+Jets

[ top/W-+ets W
wz

1
200 300 400 500 600 700 800 900 1000

ics at LHC and be

Analysis technique as in high mass Higgs search
10.1140/epjc/s10052-013-2469-8

@ Only 8 TeV data sample

Larger BR (x6) than 4/, but larger background as
well. Data driven estimation of the background

2 OS/SF isolated leptons with pr > 20 GeV
making a pair compatible with a Z

missing EF > 80 GeV
mr > 180 GeV

The transverse mass distribution is used as the final
variable in the likelihood fit

2
2 2 2 miss?2 2| _|= Emiss
M7 = |/ PT g T My 1/ ET™" +my, Br20+ET

2
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