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July 4, 2012. A new boson discovery announced.

Is it the Higgs particle as predicted in the Standard Model?
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Predicted Higgs production and decay
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BR(h — bb) = 58%,
BR(h — ZZ*) = 2.7%,
BR(h — c) = 2.7%
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BR(h — WW*) = 21.6%,
BR(h — gg) = 8.5%,

At Higgs mass

~125 Gev we have access
to several decay modes,
which allows

for detailed studies

Of couplings

We are lucky!

BR(h — 7F77) = 6.4%,
BR(h — 77v) = 0.22%,




Higgs particles produced in ATLAS + CMS (estimate)

* Number of SM Higgs particles produced in ATLAS and CMS in 2011-2012 =1,100,000
(total Cross Section 22 pb) x (25 fb-1) x (2experiments)

e Contribution of different production mechanisms (wrt the total Cross Section)

* ggF=87%
* VBF=7%
* VH =5%
* ttH=0.6%

 Decay modes (| = e or mu)

e BR(bb) =57%

 BR(tautau) =6%

e BR(WW->2I2v) =22% x (0.22)"2 =1.1%
e BR(gamgam) =0.23%

 BR(ZZ->4l) =2.8% x(0.06)"2 =0.013%
e BR(mumu) =0.022%

e Discussion in this talk is limited to the better measured 5 decay modes:
/7, gamgam, WW, tautau, bb
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H-> 272z -> 4l
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Four leptons (muons or electrons)
four-lepton mass is the key observable
split events into 4e, 4y, 2e2u channels

Exploit differences in differential
distributions for separation from bkgd,
and for spin-parity measurements

Backgrounds:
* 77 (dominant): from Monte Carlo (MC)
* reducible (with non-isolated or “fake” leptons):
from control region

nalysis features:
high S/B-ratio ( ~2:1)
but very small event yield
excellent mass resolution = 1-2%”
Z—>4| decay peak conveniently nearby,
natural validation of the discovered peak



H-> ZZ > 4]

Separation from background:
e ATLAS (not updated): 6.60 observed (4.4. expected)
e CMS: 6.80 observed (6.7 expected)

Signal strength/SM prediction:
e ATLAS: U =1.66+0.45-0.38 (June 2014)
e CMS: = 0.93+0.29-0.25

(ATLAS mu value is taken from the mass measurements, and the final

mu values will be available soon in combination couplings analysis)
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H-> vy

used for: discovery, mass, coup

Analysi :
. \CMS: | ys!s strategy
€V QL vy event display - Two high momentum photons selected
i § = - ——== - Narrow state predicted on non-resonant
- background, using excellent 2-photon
'““'1“- i mass resolution:1-2%
6 GeV - Large “irreducible” background from two
‘. st w1 photons
L R Smneons 1 - SMaller reducible “fake” photon
£ —s=< 3 background
£ 1 Analysis features:
“ 7 - High event yield (~ 400 events)
— .= -Poors/Bratio ~1:20
i | - - Background can be measured in
sidebands
W GE
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Separation from background:
ATLAS : 7.40 observed (4.3 expected)
CMS: 3.2c0 observed (4.2 expected)

Signal strength/SM prediction:
ATLAS: p=1.29 +0.30 (June 2014)
e CMS: p=0.78+0.28-0.26

(ATLAS mu value is taken from the mass measurements, and the final

mu values will be available soon in combination couplings analysis)
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H-> WW > lviv

to bosons, spin-
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Separation from background:
* ATLAS : 3.80 observed (3.7 expected)
e CMS: 4.3o0observed (5.8 expected)

Signal strength/SM prediction:
e ATLAS: p=1.014+0.31
e CMS: pn=0.72+0.20-0.18
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H-> tt

used for: co to fermions (3" generation
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Separation from background:
 ATLAS :4.10 observed (3.2 expected)
e CMS: 3.40 observed (3.6 expected)

Signal strength/SM prediction:
e ATLAS: n=14+0.5-0.4
e CMS: pn=0.78+0.27
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H-> bb
to ferions

3'd generation
Analysis strategy:

VH Higgs (using V-tag)
Trigger on leptons and MET

Higgs on a shoulder of Z ->
calibrations

B-jets identified (displaced
tracks)

Go to high Pt where Higgs is
enhanced

Backgrounds mostly from
control regions

Analysis features:

Amsterdam, June 26, 2014

By far the largest number of
Higgs decays
But lots of QCD background

Some bb-mass resolution
(~10% CMS)

S/B~1/20 in the end (CMS)
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Separation from background (significance):
e ATLAS : no significant signal over background
e CMS: 2.1ocobserved (2.1 expected)

Signal strength/SM prediction:
e ATLAS: n=0.2+0.7
e CMS: n=10%0.5

Guenakh Mitselmakher Amsterdam, June 26, 2014
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New particle Spin-parity tests

H>ZZ->4i

— 4| system is fully reconstructed

— use leptons momenta to construct
discriminants

H>oWW-lviv

— dilepton angle is sensitive to spin of
the original H-boson

H-ovyy
— J=1 forbidden (Landau-Yang theorem)

— cosB* is the only variable sensitive to
JP information at leading order

Guenakh Mitselmakher Amsterdam, June 26, 2014
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CMSs
FT 1T

4UE) U T T I t CMS Vs=7TeV,L=5.1f"{s=8TeV,L=19.7 b’
QEJ 0 1; 0"vs H ] g" [ @ CMSdata ---Median expected : : : :
£ AP . Q> 6o Mozt MMS:ito _ : ]
8 — CMS data E i 020 WS =20 ‘
8 | CL,=0.09% - Voef Mows, Efeo L @
2| excluded oJm B R +
oy - q1ﬁqﬁﬁﬁﬁﬁﬁll
0.02} 40 ;
i v e | 0 | o | 1T | T | T | T | 2 | 2 | 2 | 2 | 2! | 2,
%0 20 10 10 20 30 any any qgq—X any qg—X any gg—X qg—=X any gg—X gg—X gg—X
-2xIn(L, 1L)
0 0, | 7= |g97—=1"|gg—2, |99 =2, |88—>2;| 88— 2;| 88— 2,
7 0.09% 7.1% | 0.001% | 0.03% 1.9% 0.03% 0.9% 3.1% 1.7%
WW 35% 16% 0.2%
Y, forbidden poor sensitivity
Summary:
* 0, 1% five J=2 models excluded at 95% CL or higher
« 0, —onaborderline of being excluded (CMS)
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Most of the alternative models in CMS and ATLAS are the same, results are similar (see

next slide)
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Spin-parity results (ATLAS)
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= 0.15
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Production modes

— spin-2 : test production mechanism via combination of ggF & 0.05f
gqgbar annihilation

— spin-1 :signal produced via qgbar annihilation (ggF forbidden)

. I . q
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hypOtheses excluded at > 97.8% CL
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CMS: Combined ZZ + yy mass measurement

CMSPrellmlnary [S=7TeV,L<51f" {s=8TeV,L< 196"

5 FH_ o +H2z [+ cmmes ] ° Anarrow resonance is seen with high significance in the
S »ol * Hom : two good mass resolution channels
L + H->ZZ H
1.5 . ZZ(4l): March 2013 m, = 125.8 £ 0.5 (stat) + 0.2 (syst) GeV
i FINAL Z2Z m, = 125.6 + 0.4 (stat) £ 0.2 (syst) GeV
1.0 B main sources of systematic uncertainties:
- i electron energy scale: 0.3%
0.5:— —: * muon energy scale: 0.1%
0.0b e e ] yy: March 2013 m, =125.4 + 0.5 (stat) + 0.6 (syst) GeV
my (GeV) FINAL yy: awaiting...
) 0GPy fe ST T e a1 o T LS00 main sources of systematic uncertainties:
- ‘H— YY + HoZz2Z |m™ Comblned )
= 9: b (GgH.tH), —Hoyy i * electron-photon extrapolation
ﬁ 8f  n (VBFVH) i f E; scale extrapolation from m,/2 to m,/2
B e
6t 3 * Results are consistent with one particle X
> E - proceed with a combined mass measurement
4_ -
3k E - do not assume that ZZ and yy event rates are tied by SM
2 3 CMS March 2013 combination (not updated):
Oft b s N i m, = 125.7 £ 0.3 (stat) + 0.3 (syst) GeV
m, (GeV)
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ATLAS: Combined ZZ + yy mass measurement

3 “Tzin;é'% L;t 45;_,’ C o —Comnesnzz A recent update on the Higgs mass
e - 1s=7Te =4, — :Y o =
& 9% o= aTevfia - 208 o sl measurement by ATLAS (June 2014)
'uETI 3 i?gfés-z:gL E
E F e eeees 95% CL
Z 2.5© ’ ] . oge . . .
S - Asignificant improvement in systematical
3 . - errors, due to detailed work on calibrations
R and resolution model
g 05E 5
A T T TN TR T T: The difference in mass between the two
123 123.5 124 124.5 125 125.5 126 126.5 127 127.5 .
< T channels, ZZ and yy, is measured to be
§ FATEAS (e ast — e e Am, =1.47 * 0.67 (stat) £ 0.28 (sys) GeV,
- Te=aTev]Lamaga? — H_;oﬁf;y—;t:’ o ) (2.00 compatibility, compared to 2.50 in
5_ WI mall . . . .
: : ' : previous Higgs mass analysis by ATLAS)
o " WA VS W AN AN Y A % [ Channel Mass measurement [GeV]
3 1 | H-yy 125.98 + 0.42 (stat) + 0.28 (syst) = 125.98 + 0.50
of- 4 | H»zz— 4¢ | 12451 £ 0.52 (stat) + 0.06 (syst) = 124.51 +0.52
e 1o | Combined 125.36 + 0.37 (stat) + 0.18 (syst) = 125.36 + 0.41
05125 1255 ‘124 1245 125 1555 126 1265 127 1275 CMS and ATLAS combined mass

m,, [GeV] .
) measurements are compatible
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CMS and ATLAS: Consistency of event yields

in 5 main Higgs decay channels with Standard M odel

CMS, Spring 2013 ATLAS, Spring 2014
ATLAS Prelim. :zt:ya‘z Total uncertainty
my = 125.5 GeV + 1o on
Vs=7TeV,L<5.1fb" Vs=8TeV,L<19.6 b’ " —oftheory) conu
1 H g ’Y’Y +0.24 : ::
Combined CMS Preliminary m, = 125.7 GeV p=1.577)00 -
u=080%0.14| p —0.65 |
s H— 2z* - 4l o2 R
| m=tad e e
" _)u2b1 15+ 0.62 . Howw >l 2 1
15£0. | pet00gtl EEN
H I ﬁombi;ezd ww o T
— 1T Yy, ZZ%, WW* -ote ——
w=1.10+0.41 e R | | M
I — :
! : W,Z H - bb I S
—>YY w=02""1" E
W=0.77+0.27 . L — : ' ——
| H— 1T (8 TeV data on(l)ys) o0 : .
| W= 1'4{0:4 TE; S
H— WW | Combined '
w=0.68+0.20 | H—>bb, Tt 06|22
| n= 1'09to:32 !5on i - ‘
H— 22z | i =
B Combined rots :
n=0.92+0.28 | 4 | | p=1.3077°100 | | ::I
0 0.5 1B-5€st fitzG/G 2.5 \s=7TeV |Ldt=4.6-4.8 fb” -05 0 05 1 15 2
M= 1 SM \s=8TeV [Ldt = 20.3 fb" Signal strength (n)
Higgs signal strength in CMS Higgs signal strength in ATLAS
_ : +0.14 '
u=0.80+0.14 =130+ 0.12 (stat) 5,7 (sys)
(not updated) (not updated)
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Summary

The H125 GeV is by now measured (at different level of precision) in several decay
channels: 2z, WW, vy, tt, bb

Is H125 boson the SM Higgs particle?

— event yields in all the individual channels are consistent with the SM Higgs boson
— couplings agree with the SM Higgs with the current statistical accuracy (20-50%)
— J° =0, 1%, and a number of J=2 states are excluded at >95% CL or higher

It certainly looks like the SM Higgs, no deviations observed yet

7 —

77

[
) L't‘:"., . =l
(o
~ B

Still plenty of room for deviations from SM Higgs (within errors) exist. We are at the
beginning of the program of precision measurements of the H125 GeV particle with a
hope to find BSM physics via deviations from the SM predictions. Higgs boson is very
unusual, and studying it may be a good way to look for BSM.
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Backup

CMS Preliminary

Individual Results

V H— bb arXiv:1310.3687
u(mH=125,0 GeV)=1.0+0.5

H — 1t arXiv:1401.5041
u(mH=125.0 GeV)=0.78+£0.27

H— yy HIG-13-001
u(m =125.0 GeV) = 0.78 + 0.27

H—> WW arXiv:1312.1129
u(mH=125.6 GeV)=0.72£0.19

H— ZZ arXiv:1312.5353
u(m =125.6 GeV) = 0.93+0.27

Vs=7TeV,L<51fb" ys=8TeV,L<19.7 fb"

+
—a—
+i
+
1 I 1 i 1 1 1 1 I 1 1 1 1
0 0.5 1 1.5 2

Best fit olcSM

Resent CMS plot with updated yields in individual Higgs decay channels, except H=2>yy ,which

is still preliminary (update imminent), and without updated overall fit of the Higgs signal
strength (compare to the complete older plot from Spring 2013, on slide 22)
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