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Where are the masses ?

Problem with the SM: all particles are massless. Introduction of
mass terms ruins the gauge invariance. Oops.

Solution proposed by Brout-Englert-Higgs:

« assume the existence of a scalar field that pervades the universe

» particles interacting with this field acquire mass — the stronger
the interaction, the larger the mass

» the particle associated with the Higgs field i1s the Higgs boson
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2"d argument for extra scalar

Other — independent — argument for a new (effectively)
scalar particle:

o (W"W-— W*W-) diverges with energy!
We need something to cancel the divergence: scalar particle H
- - ) VWG
T H
W- W WAL

AWHW= — WHWw—) 22 s 4¢— £ ___¢t
s_MZ t_ M3

L. Shchutska 3



Upper bound on scalar mass

In order not to violate unitarity, in the previous formula:

This argument lead to the minimum physics requirement
for a post-LEP collider:

The next accelerator must be able to produce particles
up to a mass of ~1 TeV
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Design goals of the LHC

Hadron colliders are broad-band exploratory machines
May need to study W, -W, scattering at a cm energy of ~ 1 TeV

< E, ~ 500 GeV z°
> Egai~ 1TeV
& E, .o, ~6TeV

proton

= pp collisions at7 +7 TeV  ==—p |14 TeV collider

Event Rate = L.0.BR —

e.g. H(1 TeV) » ZZ - 2e+2u or 4e or 4

L~10* cm?s?!

For L ~103*, Evts/yr =103 1037.103.10" ~ 10 /yr !!
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LHC no-lose theorem

Very strong arguments to design and construct the new LHC
accelerator

LHC was expected to:

- either find a Higgs boson with mass < 1TeV
- or observe new physics in WW boson scattering at ~1TeV

The former has already been observed (see next)
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The minimal Higgs Mechanism

1964: Brout, Englert and Higgs propose to add

a complex scalar doublet field to the Lagrangian

L=0"¢")(0up)—p* | ¢ —A]0 |

EWSB if u? negative!

2 1
Mz <0 I >0 — My = 59” '’ -p‘T

1 ~
my = E\/gz + g"%v

m., =0

and one extra boson with
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Limits on SM Higgs boson mass before

From LEP and Tevatron (1983-2011) experiments:

6 _Ju| 2010 mLImit =158 GeV
| : Il Theory uncertainty i ;
I (5) :
5 - : 3 Altq = ]
i i —0.027580.00035
' % % - 0.027490.00012
4 % % eesincl. low Q7 data —
= ~ _
3 3
2 — —
1 : —
Excluded k Prelimina
0 e ' ry
30 300

my, [GeV]
https://inspirehep.net/record/880855/
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Direct exclusion:
« m,>114.4 GeV (LEP)

* my<158 GeV or> 175 GeV
(Tevatron)

Preferred value from indirect
measurements:
* Mmy~= 89+35-26 GeV
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SM Higgs boson production @ LHC

* Higgs coupling increases

t : :
) . HE with mass of fermion/boson:
g
t
. m 2m?
g g fusion 9 s7 = _v[, IHVY = vV
q \s=7TeV ¢
—10 = g’
t t fusion f gg fusion Bk
q ! / |
W.Z W,z @- 1 =
0 © -
G H :
W, Z bremsstrahlung
107 E
HO i
102 Vector Boson A
- | fusion 3
. q 1 1 1 1 1 | | |
WW, 22 fusion 100 200 300 400 500 1000
My [GeV]
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SM Higgs decay modes

= Higgs coupling increases

S : with mass of fermion/boson:
>
_'c__g 1 _§ g mg ¢ 2m?
: : F= 0 9HVV =
I_—l_ 10 " Hff » v
i
S ) = Dominant BR is H=>bb until
o - WW and ZZ modes open up
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B decay into yy through loops

300 400 1000 «Z) (Z)
_____ + p—
Y T
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Examples from LHC-design era

Higgs =2 vy Higgs =2 ZZ - 4l

Low My <140 GeV/c? Medium 120<M ;<500 GeV/c?

7 7
2 W
p H p p H. p
. fz
1

4 f
pre LHC-data

3 H— vy studies e T
g o0 ok iy
2 *
3 oo Higgs signal / \ :

3
B g
w 4000 B

nommuomnow...wao

My, (Gev)

narrow signal over large-but-smooth small-but-narrow signal over very small

background background
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Higgs =2 vy

Eur. Phys. J. C (2014) 74:3076
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Higgs =2 vy

Most promising channel in the range m, < 150 GeV

H ‘:“’7"""‘ i (6.B ~50.102 pb @ m,, ~ 150 GeV)
\:;‘Z: 0.B can be modified by heavy undiscovered
t* W Y fundamental fermions or bosons
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Higgs -2 yy: backgrounds

Main Backgrounds
Irreducible: qq annihilation and gg ‘box’

O
q anann Y 4 Y o(H - 77)
Reducible: y-jet and jet-jet

q:IMMY = ~ 108
H
2 TS ) oEH=>m

Need of very good y-jet separation

Obtained through:

- photon isolation
- selection on calorimeter cluster-shape (photon ID)
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Higgs - yy: isolation for bkg rejection

0 : (“A |l]||l||l[|l]|l'l|]|||l|]||lll|]|]l||]|lll]lll[ll
(V] i O 30004 CMS preliminary + Data
—C—Q— /
3 | e, > Ns=7TeVL=476fb" [ 2prompty
& -8 o o ) 2500 [ 1 prompt y 1 fake y
- Q) [] 2fakey
E 1 — : [ pren-yan
E - o 2000 [ ] Hsyy (120 GeVic?) x10
: :
© >
L

- Intrinsic vy

- / 1500

i 1000
o] -

.llllllIIIIIIIlIIlIIllIIIlIIIIII

500
B + “:M"“-**—"..-,;ﬁ "
L o et —a— % 100 110 120 130\140 150 160 170 180 190
- @ |solated }"jel mw (GeVIC )
-MMML‘H
» 100 110 120 130 140 150 remaining fake-photon background
m., (GeV) is about 30% of the total

Thanks to photon isolation and ID requirement:
(y+jet & jet-jet) < irreducible background (i.e. prompt vy )
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Higgs = yy: photon categories

T T T I T

T T I T T

. = [ I B
~ T — all photons combined >
> ) - CMS —+— Simulation
o CMS ﬂlr; Simulation o | Unpublished
(Lg 50 Unpublished o 1 sTev Untagged 0 —— Parametric model
o 8TeV Combined —— Parametric model g -
—_ @ G, =105GeV
~ i c
%) —— Gy =187 GeV G>) FWHM = 1.86 GeV
5 L
o - FWHM = 3.10 GeV . .
b 05 high-resolution
photons
(category 0)

130 140
m,, (GeV)

PSS

140
m,, (GeV)

T I T T T
4+_ Simulation

—— Parametric model

| CMS
Unpublished

Instead of lumping all photons
together, split higher- and
worse-resolution categories

i 8TeV Untagged 4
—— O,y = 2.62 GeV
FWHM = 5.02 GeV

v worse-resolution
\ photons
\ (category 4

-

-

Narrower signal peak, then P 5,
better signal/bkg ratio Plo 120 130

140
m,, (GeV)
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Higgs = yy: event topology categories

all gamma-gamma
pre-selected events

1 S-Ijse?[ & dle also
1 lepton 2 fwd jets 1lepton & MET ) -eveo-

ttH VBF VH GF

category category category categories

all remaining
events (99%),
split by photon
category

these extra requirements reduce the
background (gamma-gamma prompt

production) more than signal
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Higgs = yy: event topology categories

all gamma-gamma
pre-selected events

1 S-Ijse?[ & dle also
1 lepton 2 fwd jets 1lepton & MET ) -eveo-

ttH VBF VH GF

category category category categories

l l

all remaining
events (99%),
split by photon
category

probing cross-section
of different production

processes
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probing the coupling of the Higgs
boson to different particles




Events / GeV

Higgs =2 yy: results

19.7 b7 (8 TeV) + 5.1 fb' (7 TeV)

X

a

o
w

10

H=

nIIIIIIIIIIIIIIIIIIIIIIII

1.
1

CMS
H— vy

24.70 + 0.34 GeV

Sum over all classes
¢ Data

S+B fits (sum)
B component
* *1c
20

e
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m,, (GeV)

Background is extracted
directly from data fitting
the smooth yy invariant
mass distribution
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Higgs =2 yy: results

19.7 b7 (8 TeV) + 5.1 fb' (7 TeV)

3
> " cms
) . Sum over all classes
Z 1o H-w
0 ¢ Data
*qc')' N —— S4B fits (sum)
> N B component
L N B <10

6 __ """ 20

4 -

o[ =11a7i2

- m,=124.70 £ 0.34 GeV

O-IIIIIIIIIIIIIIIIIIIIIIII|IIII|IIII|IIII
% IIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIII_
G 200 B component subtracted —
\ -
§2
c 0
()
5 {

-200 }
-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII-

100 110 120 130 140 150 160 170 180

m,, (GeV)

L. Shchutska 21



x10°

3.5

>
3
Q)
~~
3
C
@ bs
@)
o
3 2
S )5
(0]
= 1
)
2 05
9D
0
%)
200

100

0

-100

110 115 120 125 130 135 140 145 150

Higgs =2 yy: results

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

CMS S/(S+B) weighted sum
H— yy

¢ Data

— S+B fits (weighted sum)
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Not all events are
“‘equal” in the
statistical analysis.

Some have a larger
“‘weight”
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Higgs =2 yy: results

CMS Hoyy 19.7 b7 (8 TeV) + 5.1 fo ' (7 TeV)
1o

e R SRR 20
L s
?\ /,// ,¢,, 40
- ez 56
R r T O ST L =  QObserved 7 + 8 TeV
= —— Observed 7 TeV
- —— Observed 8 TeV
E -=-- Expected7 + 8 TeV
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l | m, (GeV)

width of the p-value dip is related to width of the
vy invariant-mass peak



Untagged 0
Untagged 1
Untagged 2
Untagged 3
VBF dijet 0
VBF dijet 1
VH tight |
VH loose |
VH MET
VH dijet

ttH tags
Untagged 0
Untagged 1
Untagged 2
Untagged 3
Untagged 4
VBF dijet 0
VBF dijet 1
VBF dijet 2
VH tight |
VH loose |
VH MET
VH dijet

ttH lepton
ttH multijet

CMS H — 7Y

Is it a SM-like Higgs boson ?

19.7 fb' (8 TeV) + 5.1 fb™' (7 TeV)

7 TeV

”~

combined

0.26
=1.14 "5,

[m, =1247 GeV]

8 TeV

I combined t 1o

—e— per-channel+1c

ggH

VBF

VH

ttH

CMS H - Yy

19.7 fb' (8 TeV) + 5.1 fb™' (7 TeV)

0.37 bined -0.23
112 1‘0-32 combine
[mH =124.7 GeV ]
077
1.58 fo_ea
1.16 combined + 1¢
-0.16 fo.79 I
—@-
—@— per-process+1¢c
2,51
2.69 "_“1.81 o
IlIllIlIIlIII II|IIII|IIII|IIII|IIII|IIII

2 1 0 1 2 3 4 5 6 7
0
combining different event
category by production type
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H-> z2Z0) > 4l

10.1103/PhysRevD.89.092007
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H-> z2Z0) > 4l

4 July
CMS Praiminary fa=TTeV. L=505m" fa=2Tov L=526m"

2 ST HCP

c 7-_ _-: " - -1
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s . r »
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Lo N 3 @
T TT LB RARERER

increasing amount of data R I
collected... my (GeV]

Narrow signal peak and very little
SM background imply again:

- good S/B ratio

- very precise measurement of
particle mass
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H > ZZ() - 4l: event categories

CMS Simulation Vs =8 TeV CMS Simulation Vs =8 TeV CMS Simulation Vs =8 TeV
S 450¢ > 0 >1400r
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Improving mass resolution moving from electrons to muons.
(Muons are basically not affected by bremsstrahlung)

events are split in
different lepton
categories

As for H-> yy search, narrower the signal
peak, better the signal/bkg ratio
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H-> ZZ() > 4]

the calibration of the
lepton mo”}e”t‘{'m .H“'nuil I 8 | \| I
reconstruction, in the gl ;.'”“.'.'._“' atimars lH
relevant range of 80 100 200 300 400 600 800
lepton momenta m,, (GeV)

e CMS \s=7TeV,L=5.1f";Vs=8TeV,L=19.7 fb"

q > " S e Data | I ' | I | ]
o 2z /" 8 35 - [ ]my=126 GeV :

g o 30 " DZY*,ZZ 7

* Ny r [ z+X -

u+ (d)p] N 7

T 251 —]

) C ]

> - :

LW 20 . =

Z > 4l events are a 15| [ Iy —
handy SM “candle” - H ol | .
that is used to validate 10 | | | ’ ~
- | -

5{ | U -
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H > ZZ() = 4l: kinematical discriminator

£ Directions of final 4 leptons are correlated. Angles
| Z s d1, 0,1, ¢,, etc.. can be combined into a kinematical
g9 H 0 AP :
A @ discriminator that separates signal (values~1)
P & from background (values~0)

CMS \s=7TeV,L=5.1f";Vs=8TeV,L=19.7 fo

120 130 140 150 160 170 180

120 130 140 150160 170 180
m,, (GeV)

m,, (GeV)

Higgs signal + background

k ted
background expecte expected distribution

distribution
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H > ZZ() = 4l: kinematical discriminator

£ Directions of final 4 leptons are correlated. Angles
| Z s d1, 0,1, ¢,, etc.. can be combined into a kinematical
g9 H 0 AP :
A @ discriminator that separates signal (values~1)
P & from background (values~0)

CMS \s=7TeV,L=5.1f";Vs=8TeV,L=19.7 fo

120 130 140 150 160 170 180

120 130 140 150160 170 180
m,, (GeV)

m,, (GeV)

Higgs signal + background

k ted
background expecte expected distribution

distribution
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H > ZZ0) = 4l: kinematical discriminator

CMS Vs=7TeV,L=5.1f";Vs=8TeV,L=19.7 fb’
T T T T T T

>_F 1.
8355_ Dr?!?,tjlzs GeV —
owl | BL _
u r
c 25 E
2 - i
|-|>-|20: E
5 ] 8
151 E
: 6
10F E
5 z 4
I E
oL il MV 2
80 100 200 300 400 600 80 O
m,, (GeV) 110 120 130 140 150

u m,, (GeV)

Only for illustration purposes: m(4l) distribution after
requiring kinematical discriminator value > 0.5

NB: in the actual statistical analysis of data, shapes of m(4l) and Dk are
simultaneously fit to the data, without explicitly cutting on either of the two

variables
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H > ZZ() > 4l: results

CMS \s=7TeV,L=5.1fb";Vs=8TeV,L=19.7fb"
a) :11 T T T T 1 I T 1T T 1 T 1 - US|ng Only m(4|)
=S107F _—/ information
S b -
6-1 O°F o - adding also Dkn
_ - ) _—/ inf ti
8 10° — Observed . B information
@) - — Observed £, & 5 o, .
=107 | 20 | i Y - adding information
= — Observed L, € R about extra
9 - - - Expected X A .
10 B \ g B variables that are
1071 B ] sensitive to the _
B | type of production
1013 - process (e.g. pt*)
107+ =
10-17 co v v brwy M s b el v Ly

110 120 130 140 150 160 170 18
my, (GeV)

About 7o signal observed
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H > ZZ") - 4l: results

CMS \s=7TeV,L=5.1fb";{s=8TeV,L=19.7 fb"
| | [

- Di-jet events sensitive
to VBF Higgs boson
- production

Dijet

- Most of the events
- produced by gluon-
fusion (0/1 jet
category)

0/1-jet
- smaller statistical
uncertainty on u for
| | second category of
0 0.5 1 1.5 2 2.5 events

best fit u
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Other signals in 4l final state?

©T10° | in  — Observed £ E
(@) | | l"“\| 1D ]
O.07L ¢4 —Observed s, | /, B No other excess larger
= {y ——Observedly,, ./ - than 3o observed up to
1090 ) @ "ooFxpected oo - ~700 GeV
— ' ] ’ ', —
1 O 11 :_ ll‘ :E y ’,' ; ]
. '||| :: " :l ]
1010 -
1 0'1 5 :: I:l: ::E E ',' ',l ::
— ‘l :: : \ ‘,’ l’ l' —
10-17 i . :: ?!:l.n‘.f | b' :' —|
100 200 300 400 1000
my, (GeV)
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Higgs mass: combination of yy and 41 channels

19.7 1o (8 TeV) + 5.1 fb™ (7 TeV)

-
o

—l - —Ho ’Y'Y tagged
£ 95— CMS —— H — ZZ tagged
<] - H— Yy + H—-> ZZ Combined:
N 8t i, p (ggH,ttH), = stat. + syst.
1 C zZ-n -- stat. only
7 u (VBF.VH)
- " my, = 125.02'07 (stat) > 12 (syst) -
61 : : E
" AN/ S
5 L\ /
2F d ; =
1 A z
0: | | | | | | | | | | 1/ | | | | .
123 124 125 126 127
my (GeV)
measured my, 12502 1028 (stat) *314 (syst) GeV
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Other channels

Higgs BR + Total Uncert

ww

1 L1 11l lll
LHC HIGGS XS WG 2011

1 1 lllllll

L F lllllll

10°°
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100

20,

N Ny
140 160 18%}1 [ Ge6?o

bb
T

1.7
YY

Exp Sig
@125.7
2.20

2.60

5-30
7.10

3-90

oy/M

10%
10%
20%
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H-> WW

Large cross section but poor mass resolution due to 2 neutrinos
+ Same Flavour / Different flavour categories + #Jet categories

Eg: different lepton-flavour, 0-jet events

dN,/dm; [GeV ]

Data/Expected

14
1.2

0.8
0.6

CMS-Preliminary 35.9 fo' (13 TeV)
o RN N
[ Higgs —+— Data

H\‘HH‘HH HH‘HH‘HH
%
.w |
<
a
(1]
3
2
=
c
=2
[+
[1]
=3
=
3
<

s

S SO0

60 80 100 120
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Events for 125 GeV Higgs boson
signal are expected to be spread
over wide range of myvalues.

Then, worse “mass resolution”

9.1c @ mH =125 GeV
n=128+*0.18
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H-> 1t

ag, VBF, VH production

CMS Preliminary, Vs = 7-8 TeV, L = 24.3 fb"' 107 i
s' L "B e = e S T
5 Foew § 3222 .
~ 1000 S ey o mvemrans p-value observed
: p-value expected
E 800
z 120 130 140

m,, [GeV]

E T H(125 GeV)-s 1t ys H—-ﬂ.‘t. Il.-24'.3 fb:‘ m.:-ii: GeV
D | 400 =z - hu
o == i §
= _ 3 on
m / 200 ) -
o tiny signal! . ’ -
0 e - HT
m,.. [GeV]
- VH-stt+l
2930 @ mH = 120 GeV 1 Combined
2850/@mH=125Gev W =11%0.4 —= 3 :

best fit for /...
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H-> tt@ 13 TeV: observation

CMS 35.9 b (13TeV)
_ 03) 1%\ T 1T ‘ T T 1T T T 1T T T 1T T T 1T ‘ T TT ‘ T T 1T ‘ T TT \%
§ SRS 101
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D 1200 ~ Zou 10: ] EE %
8 : -W+jets ok ] 10-5_ —;
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+ N O-jet: T, ] S ' 3|5.9' b (13 TeV)
g\’)/ 200E- VBF: 1,1, - . CMS
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200—— . = i3s3
B L1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I L1 1 1 ] | ”Th ]
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m. (GeV) B ::‘:t“f&fso ]
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n=1.09 £0.27 1092037
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H - bb

7] MC uncertainty

&%

N 35.9 " (13 TeV)
- L [ VH(bb) B2 Bkg. unc.
35-9 fb (1 3 TeV) 10° |:|Ba((:kg)round 3
B T T T T | T T T T | T T T T | T T T T | T T T T |_ E
- CMS ¢ Data 104% 3
] Bl VH(bb) (u=1.2) o :
200 _ [ ]VvZ(bb) 3 3
pp - VH,H — bb p— ok ]
3
E

S/(S+B) weighted entries
o
o

:_ _: 10
; z ;
100 ] : |
- 1 : 0'5—31 R XA
50 - _ log, (S/B)
B i I '35.'9fb"1('13T'eV')
OF et - mina 1 =12 + 0.4
- Weighted ¢ ibution! l} 2O s
~% 50 100 150 200 250 WH(E)
3.86 @ mH = 125 Gev M; [GeV] e |
n=1.06 £ 0.29 (combined with Run 1)
1 lept.
Despite the large H-> bb BR, signal has
not been “observed” in this channel yet. 2%

More integrated luminosity is required q
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H - bb: using smarter ideas

dR(bb) ~ 2mu/pr

Take events with boosted H(bb) 300 400 500 600 H pr (GeV)
Use substructure variables to 3 - Madgraph + ggH
Q 10°g Xiv: ; + VBFH .
suppress SM -=>bb two-separate b-jets £ ArXiv:1506 23\,620 one single large-cone
PP 99 R=0.4) & rowheg + 1 (fat) jet (R = 0.8)
©
bb H jet
35917 (13TeV) b-jet “I | ‘#:H»
>8000:_ T 'I"'I"'I"'I"'I"'I"'_'_T
§ 7000;_ CMS :23 :I:L?a‘]g(;(;(r) GeV -:’Ztv _E b_Jet 0 200 400 600 800 1I00(I) 1I2:)(I) ;_}I{leglog(l)sl :;G:-O?G;I?/O)O bE)
% 6000;— e éééroutgjebtackground _;
G sooo- e
40002— —z _
3000 E H(bb) is not observed yet:
20001~ E 1.56 @ mH =125 GeV for pr > 450 GeV
1000 =

But for the first time Z(bb) is seen in a
single jet topology!

Data — multijet — tt
Opat

%060 80 100 120 140 160 180 200
Mg, (GeV)
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Spin and parity

L. Shchutska

Events /0.05
o O N W & O O N O ©

0 0102030405060.70809 1
Dy

H > ZZ - 4l events can be used
also to construct kinematical
variables that discriminate different
spin-parity hypotheses for the new
H particle

O*vs 1

9 CMS (s=7TeV,L=5.11b";s=8TeV,L=19.71b"
3 6
o C
~ 5 o
wn o
T 4f
g -
H 35 A

% 01020304 0506070809 1

D,
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Spin and parity

pseudo experiments

H-> ZZ-> 4l events

CMS Vs=7TeV,L=5.1fb" \s=8TeV,L=19.7fb'
_IIII|IIIIIIIII|IIII|IIII|IIII
01 07 vs O
i — CMS data
0.08 -
0.06—

0.04}- L
- 1|Observation

0.02-

— 1 | | I L1 1 I I I I I | — I 11—

10 20 30
2xIn(C, /Ly)

0.05% probability to observe what
seen in data given 0-hypo

10.1103/PhysRevD.89.092007

L. Shchutska

Nota bene:
log-likelihood ratio maps the outcome
of all events collected in an
experiment (see previous slide) into a
single number.

The two distributions are obtained

repeating MANY pseudo-experiments,

in simulation, under the 0+ and O-

hypotheses, respectively.

Following similar procedure:

- other spin=1 hypotheses
excluded at >99.9% CL

- spin=2 hypotheses
excluded at 95% CL
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SM Higgs boson ?

19.7 b (8 TeV) + 5.1 f6' (7 TeV)

Combined
u=1.00+0.14

H — yy tagged
n=1.12+0.24

H — ZZ tagged
u=1.00%0.29

H— WW tagged
p=0.8310.21

H — tt tagged
n=0.91+0.28

H — bb tagged
u=0.84+0.44

CMS

P, = 0-96

m, =125 GeV

0

0.5

1.5
Best fit o'/0'S

Combined
u=1.00+0.14

Untagged
u=087+0.16

VBF tagged
n=1.15+0.27

VH tagged
n=0.8310.35

ttH tagged
n=275%0.99

19.7 b (8 TeV) + 5.1 f6' (7 TeV)

CMS

P, = 0-24

m, =125 GeV

From combination of all channels:
H = 1.00 & 0.09 (stat) 7007 (theo) =+ 0.07 (syst)

2 3
Best fit 0'/0'S

4
M

Signal strength consistent with SM prediction, as well as with

many BSM predictions (e.g. MSSM) !!

L. Shchutska
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Again on SM Higgs decay modes

§ = E% 125 GeV is a luck
< : D\ WW i 1o number for the
= i 4\ ¢ Higgs mass:
O -1 Tt 1 7 tt 3 _
F10 = Many different
— 5
r-Il- '4.‘ . decay chains could
m [ ¢cC . be probed...
2 i |
fe)) 0'25— E ... many different
L . Higgs couplings
- i could be studied
107 E
N .
10'4 | | \ A | | | | |
90 200 300 400 1000

My [GeV]
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L. Shchutska

e 3

o) an

Precise measurement
of Higgs couplings

Ay
£

4 -

_ﬂ-":ﬂn»

P

-
——
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>y

New breakthrough ? "i
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H =2>vy Event Vertex Determination

v cluster

ECAL

e “large” pile-up conditions

L <Npy>’ ~10 A
e di-photon invariant mass resolution 13m
affected by vertex choice
* vextex determination based on S N AL 2
— tracks belonging to vertex combined
with di-photon kinematics 5 1 . --M'"mWWWHIHIHHHT
use of Zpt?uk and pr balancing gos = ‘
— conversion-track finding and projection é [ BB =0T
on beam spot £
] 0.4}
e performance cross-checked using :
. ;C_MS pr_eliminary
Z—ur after removing muon tracks 22 gmuaton
2011A 2011B 2011 T T 2;50

50
86.3% = 0.2% = 0.4% | 79.8% £+ 0.2% = 0.5% | 83.0% =+ 0.2% =+ 0.4% pT(H) (GeV/C




tau-jet selection

leading track

 remember T branching ratios: signal cone (=) 1 o

-t —=>1lvyv,.:35% T, §"

-t—=>nat+nn’s:50% €$ e

-t —=>3nt+na’s: 15% - [! S

| I § g &
, ‘B <

* prefer hadronic decays (for mass GO0 o || _"2* k)
rec.) but QCD background 1s huge 150V I

It
Dedicated T trigger for this \ i '

L look for narrow jet (L1) with leading ‘} 2\
charged track (;t*) (L3) N

signal vertex
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Higgs = yy: event topology categories

Label No. of classes Main requirements
7TeV 8 TeV
ttH lepton tag * 1 p%l > my,, /2
1 b-tagged jet + 1 electron or muon
VH tight £ tag 1 1 Pt > 3my, /8

[eor u, pr > 20GeV, and EFSS > 45GeV] or
[2e or 2u, pr¢ > 10GeV; 70 < my < 110GeV]

VH loose £ tag 1 1 pt' > 3m,, /8

eor i, pr > 20GeV
VBF dijet tag 0-2 2 3 Py > my, /2

2 jets; classified using combined diphoton-dijet BDT
VH EM tag 1 1 Pt > 3my, /8

ETSS > 70GeV
ttH multijet tag g 1 pr > m,, /2

1 b-tagged jet + 4 more jets
VH dijet tag 1 1 pL = my, 2

jet pair, pr1 > 40GeV and 60 < mjj < 120GeV
Untagged 04 - 5 The remaining events,

classified using diphoton BDT

L. Shchutska 50



Higgs mass: combination of yy and 41 channels

-
o

19.7 1o (8 TeV) + 6.1 fb” (7 TeV)

p g [— H— vy tagged
> 95— CMS — H — ZZ tagged
< - Hoyy+H->ZZ Combined:
N 85 u__,u (ggH,ttH), — stat. + syst.
: a Y -- stat. only
7t u (VBF,VH) 4
- " my, = 125.02703; (stat)"> % (syst) 3
6 ;_ ' : —;
4 f— '-_‘ :: _i
3F - ; :
2F :
: ]
0 : L L / T B B ]
123 124 125 126 127
m, (GeV)

1.0

0.5

197fb (8TeV) + 5.115" (7 TeV)

111111111

i IC'MS' | + Combined
(Hoyy+H—>2ZZ | v H—vriagged
- oo H— ZZ tagged

| l 1 1 1 1 I | I I l 1 1

0.0

I 1 | 1 1 I 1 1 | | l | | 1 |

123 124 125 126 127
my, (GeV)

measured my  125.02 +8 %g (stat) *

0.14
—0.15

(syst) GeV

L. Shchutska
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