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THE HIGGS MECHANISM: GAUGE BOSON AND FERMION MASSES

HIGGS FIELD

Complex weak isospin scalar doublet @ with scalar potential V[®]
V)

. ( ot V[®D] = p20Td + A (©TD)2 )
(A >0, u2 < 0)

SPONTANEOUS SYMMETRY BREAKING

One component acquires non-zero vacuum expectation value

1 [0 1 ) 0
0lD|I0>= — — ()= — E1
s \/z(v) ) \/iexp(l2v)(v+l-1(x))

MASSIVE GAUGE BOSONS
+_ 1 wl= w2 My, =8V
WJ =5 (WM+ IWM) W=
. _ M
Z“ = —BusmeW + WSCOSGW My = E\g;

_ : 3
Au = Busm(-)w+ WHCOSQW

STANDARD MODEL
Yang-Mills SU(2); x U(l)y
massless gauge bosons W“ and Bp
and massless fermions
S , 1
L =—3W,, - W - 2B, BW

+io, - ¢ ‘2(3”— o 5 - WH)cp]2 — V(@)

+ Y (0, - g

+ ﬁRy“(i(')u —-g

MASSIVE FERMIONS

Yukawa couplings of Higgs to fermions
8f [WLCD‘VR + ITIRCDTWL ]
_8ev
e.g.,m,=
RE

Requires a massive scalar field — the Higgs Boson
Higgs Mass (W) is a Jree parameter and must be determined by experiment
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More than mass

The scalar field is needed to keep unitarity (at tree level) and renormalizability
Either a Higgs or something else is needed.

OK! Diagram with scalar cancels ~s divergence!
WwW=E Wt
Diverges as ~s W
w* W= - * ;
Y 'H
+ ar \
Z, Y I\I\"’\j\l\/\/\'\/\/\
W= W
W W w* w* if M < 2V21Gp, = (850 GeV)?

OK! Diagram with scalar cancels s divergence!

Diverges as ~s
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Other Possible Scenarios (1)

Charged Higgs

Minimal Supersymmetric Standard Model.

Supersymmetry eliminates Gauge Hierarchy Problem, yields GUT-Scale unification of
couplings and provides a dark matter candidate.

Needs two Higgs doublets

Requires two Higgs doubles of opposite Hypercharge|:
(one for up-sector, one for down-sector) ’

0 +
Poy=1)= (:‘)_) Piy=+1) = ( ¢6)
1 2

5 physical Higgs bosons
2 charged : H" and H

2 CPevenneutral : H and h
1 CP odd neutral : A

e

Higgs masses derivable from MSSM parameters |

H ,H: M?2 = M%’V +M i (at tree-level)

h: M<M, (attree-level)=» 130 GeV (rad. corr.)

The Minimal Supersymmetric Standard Model does not completely solve the

Hierarchy problem the NMSSM is a extension leading to a different Charged Higgs
scenario.
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Other Possible Scenarios (2)

INVISIBLE HIGGS SCENARIO

New weakly interacting massive particles could easily saturate
Higgs decay width (e.g., LSP Neutralinos with RPC: H—>? %)

e.g., light Higgs: small decay width to fermions

[ Iy <17 MeV if My < 150 GeV
H 2
...... mg
_ ~ ; v =175 GeV

f v 2

FERMIOPHOBIC HIGGS SCENARIO
In SM H—vyy is suppressed, and light Higgs below WW and ZZ threshold

B(H)
cooo
OI\)-P-O\OOvI—

Photonic decays of light Higgs!

60 80 100 120 140
Higgs Mass (GeV/c?)
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Other Possible Scenarios (3)

- Higgs as a composite resonance (technicolor or
compositeness models).
- Extra dimensions.
- Little Higgs (need of at least one new particle to stabilize the
Higgs mass)
- NO HIGGS scenarios:
- The Chiral Lagrangian Model (an old friend of the High
Energy Group in Santiago). Leads to High Mass WZ
resonances.
- Higgsless models.
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The Large Hadron Colllder

At CERN: 4 main
experiments

Proton beam: 3.5-4.0 TeV.

Design & construction: 20
years.

Price: €3600 millions.

Placement: 27 km tunnel
3.8 m wide100 m depth.

Luminosity: 7.7x1033cm-=2s""
Bunch crossing: 50 ns
Protons per bunch: ~10"
Beam radius: 16.7 um
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Quiz
 The LHC dipoles are colder than outer space.
* What is the temperature of the outer space?

b— 560 mm—

A A
P
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Higgs Production

| 4

q

Gluon Fusion Vector (Weak) Boson Fusion

IIIIIII_I._.!I_._II_IIEJIIIIII

q “H

Higgs-strahlung Associated to W/Z

Top Fusion
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Proton at LHC

-Protons made of quarks and gluons
- At LHC energies 9 gluons per quark!!
- Proton is a gluon ball

Naive picture:

f(x) |

0 1/3 1 x ~  Glins
PN

0 1/3 15 X
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SM LHC Higgs production

Gluon Fusion
o 2 \s=7 TeV

LHC HIGGS XS WG 2010

’ /VLOEW) E
Pp —

> o 9qH (NN - —
= ,O\ \/’I/ + NLO —
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M, [GeV]

EEESEESEEEENEENN
W, Z

i,
Qi

M,, = 125 GeV/c?
ag ~15 pb
VBF ~1.2 pb
ttH ~0.08 pb
W,ZH  ~0.57-0.32 pb

q/
LB B B NN NNNENENNNENMNEMESMNHE.

Associated to W/Z
(Higgs-strahlung)
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SM LHC Higgs historical

When did the search for Higgs started?
Not really feasible before W and Z discovery in 1983.
Real search started at LEP in 19809:

— Associated production.

— Alef, first paper in 1989. Exclusion: 32 MeV/c? to 15 GeV/c? at 95% C.L.
— Combination of 1994.

1990s:
— Need for larger energies: LEP2 (electron), Superconducting Super Collider or LHC (hadrons).
1995s: CDF and DO at Tevatrén: quark top, with large mass of 175 GeV.
— This mass implied the possibility of seeing the Higgs at Tevatron.
LEP 2: increased center of mass energy up to 206 GeV:

TTT I TTT l TTT ] 7T I TTT I TTT I TTT I TTT T 1
— Enough to find a Z — Z*H up to 115 GeV/c2. ® e
—  Finished in 2000. 107 2000 LEP : i
— Bestlimit m;>114.1 GeV. 5
& 103 3 s‘ 70 [T T LILELRRLLL T 10 "" i ?
: L I g 3 ¥ 5
E‘ﬁ ‘é 60 1994 —_ 10 —— Observed ; ! .
Z 10 = [ Expected for ! : 3
T £ 2 ] 4 background ; ]
2 g s0 ;! !
z & I 10 | E
s 10 B ol ] ; E E
; : * 5 a1 1154
: : LEP 1 10 | .
z L 4 30 - O ALEPH ] !
IE_ s;)i’AL @; —§ - oL E 10 1111111111111111111|||||"|||k /1\1\:1'/1111111;
1 *F JOPAL E 100 102 104 106 108 110 112 114 116 118 12
SDELFHI * DELPHI 1 5
Pl N I U N R FUT R N o Dovvndl v vvvnd il il HIH(G(?V/C-)
0 10 20 30 40 50 60 70 10 102 103 10“
Higgs mass (GeV) Number of hadronic Z decays (x1000)
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SM LHC Higgs historical (2)

-Tevatron. Combo of analysis.
-H->WW decays in higher mass searches.  Tevatron Run Il Preliminary, L= 8.6 fo" 2011

-LEP and EW constraints. 2 [T erexciuson [T Tevatron
290 | o4 Excrlusmn
e | e @
£
-
o
N
O
(o2}
1
’ Direct searches. <—Tevatron Exclusmn | | |
IR i A A A \\\%“'V” 2?“
- LEP: My>114.1 GeV 100 110 120 130 140 150 160 170 180 190 200
— Tevatron: [M;-166|>10 GeV my,(GeV/c?)

* Indirect constraints from precision EW measurements.
- M,=96"1,,GeV, M <169 GeV at 95% CL (standard fit)
- M,=120"12 . GeV ,M,;<143 GeV at 95% CL (including direct searches)
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Detecting the Higgs
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SM LHC Higgs decays

-Coupling to leptons:

G_F]\dll2
427

3G
4N/ 27

-Coupling to vector bosons:
- GrM; o ¢
Ph—WWT) = L VI=rw(l=rw + i)

T(h—2Z)= SN T—rz(1—-rz+3r%), 1v=4M}/M;

T(h—117) = MyB} By =+/1—4MZ/M?
-Coupling to quarks:

I'(h —qq) =

MZMB3 (145,675 + ...)
A

-Coupling to vector bosons with one off-shell (very important), to gg and to gZ also
possible.
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SM LHC Higgs decays

-SM Higgs coupling proportional to the lepton
mass.

-Also proportional to the vector boson mass
(stronger coupling).

-Coupling to gluons and photons through
triangle b, t or W loops.

-Light Higgs, the most complex scenario.
-Intermediate and heavy mass Higgs, easy
due to golden channels like:

Higgs BR + Total Uncert

H — vy /)

WW

Y4

1 1 L 11
LHC HIGGS XS WG 2011

H—Z7ZZ —4l (4ulde) 10
H—-WW =4 2v-2u/2e)

| | | |
180 200

M, [GeV]
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Weight: 7000 t AT LAS

Central solenoid : 2T
Muon toroid: 4 T g

25m

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

Toroid magnets LAr electromagnetic calorimeters

Muon chambers Solenoid magnet | Transition radiation fracker

Semiconductor fracker
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Total weight 14000 t
Overall diameter 15 m ECAL 76k scintillating

PbWO, crystals
Overalllength 28.7m )

HCAL Scintillator/brass
Interleaved ~7k ch

3.8T Solenoid |

Tracker Pixels & Tracker

* Pixels (100x150 um?)
ECAL ~ 1 m2 ~66M ch
HCAL *Si Strips (80-180 pm)
~200 m2 ~9.6M ch
Muons " MUON BARREL
Solenoid coil 250 Drift Tubes (DT) and

25-1-2013

CMS

MUON ENDCAPS
473 Cathode Strip Chambers (CSC)
432 Resistive Plate Chambers (RPC)

Si Strips ~16 m?2
~137k ch

Steel + quartz
Fibers 2~k ch
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ATLAS and CMS

CMS is 30% heavier
than the Eiffel Tour
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Data taking

CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC

25 T T T T T 25
TA 2010, 7 TeV, 44.2 pb '
5_% = 2011, 7 TeV, 6.1 b !
2201 — 2012, 8 TeV, 23.3 ! 120
o
£
£ 15} 115
S
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T
2 10 110
©
o
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[5)
= t/‘
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0 r ! L
< N \ o C) Q & N C
Date (UTC)

Highest luminosity = 7.73-10°3 cm2s”

ATLAS RUN STATUS
TOTAL LUMINOSITIES

pe———
' 27.03 fb™* ' PROTON - PROTON

——
7034 pb™* ' PROTON - LEAD

Pr———
1674pb™  LEAD-LEAD

-~
-

LIVE * Y LATEST LHC RUNS

EVENTS
STATUS LOGEBOOK

[ [ —

s 9

Y IMAGES VIDEOS STORE
N ) /N

Proton Runs 2010-12

Not currently active

1

Total Collisions = 1.80-10!%= 1 800000000 000000

Recorded luminosity = 27.03 fb'!

Third IDPASC School
25-1-2013

Cibran Santamarina 21
Universidade de Santiago de Compostela



Quiz

* Assuming they exist.

 How many SM Higgs has the LHC
produced in ATLAS and CMS?
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Quiz

* Assuming they exist.

 How many SM Higgs has the LHC
produced in ATLAS and CMS?

17 pb x 25 fb-! = 17 x 25000 = 425000

Approximate!! (the x-section is not the same at 7 and 8 TeV)

Third IDPASC School
25-1-2013

Cibran Santamarina 23
Universidade de Santiago de Compostela




H — vy
Tiny branching fraction (10-4)
Simple and rare signature:
— Isolated high p, photons '
— mass narrow peak
Di-photon mass resolution:

excellent performance of EM
calorimeter.
— In situ calibration from n%— vy, E,
P, L— €€’
Resolution given by: &=

m4,= 2 E; E, (1-cosx)
o=opening angle of
the two photons
Pile-up: big enemy
of resolution
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In| < 1.475

Cul/kapton electrode
‘ Honeycomb spacer

Calorimeters

Tile barrel Tile extended barrel

.
LAr hadronic - ‘ “\“““:‘:‘w\:“\:“‘\: §|:i|:ess:tee:-(:l:d
end-cap (HEC) \ ‘ i absorber plates
TN Y" it ey,
LAr electromagnetic ; S ([ . i .

end-cap (EMEC)

NN
—~

D0

LAr eleciromagnetic
barrel

S

RN

©

LAr forward (FCal) 7
/

To Preamplitier

Scintinating
Crystal

‘Supercystals’

(5)(5 crystals) High energy photon
Barrel
‘Supermodule’
Endcap ‘Dee’
(1700 crystals) (3662 crystals)
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Y e T Em catbrimeters at the LHG -
2 0.045 g calorime ersc.a'_lppmaenn_zmo_;
H 0.04 3
0.035 =
. 0.03 F =
ATLAS advantage: 5 1
: I , . . 0.025 | . =
—  Calorimeter fine first sampling allows pointing to primary vertex. L N E
CMS advantage: 0.015 [ E
. = LHCD
—  Better resolution. 0.01f =
Resolution not affected by pile-up. °-°°z Rl - = —
i : 50 100 150 200 250
Energy Scale optimized with MC. E (GeV)
% 200?-1(-)3' YA|1'IV_AISY$' 'I_' L L L B B Y C|USter
S 180 reliminary = m
= = Data 2011, Ns=7 TeV, J-Ldt =46fb" = ECAL
S 160 = 4
T 140 Cema=1.76£0.01 GeV - = \ .
3 = o,.=1.59+ 0.01 GeV ra <2.47 = . -
w 12074 TData = . mistake :
1005_ — Fit result _E X-°° M in Ny :1.3m
80— C1Z—eeMC — \ .
60 — \ : .
40— 6:5—1 76 GeV correct vitx\ - PU vix .
20 . E e st S EEEERTTIEEEY Trre N Voooeen
%0 " 75 80 85 90 95 100 105 110 beam spot ~ 6cm
mMee [GeV]
CMS 2012 Preliminary, ys= 8 TeV, L = 2.4 fb™’ R ——
o 25001 gcaL Barrel ‘ { '
= r
[¢5] -
GO 2000( Electrons with
pu - low or no
= 1500 Bremsstrahlung
[72]
"qc-; 10005 1.- Measure
o = photon direction
500 =1.0GeV |- @ ——————————————————————
c . N 2 .-| Deduce Z
0==7%5 80 90 100 110 of primary
M.. T GeV/c? 1 vertex
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Quiz
* The largest inelastic process in the LHC is di-jet

production.

e Jets contain numerous n°.

* What is, with 98.8% BR, the main decay mode
of this particle?
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Quiz
* The largest inelastic process in the LHC is di-jet

production.

e Jets contain numerous n°.

* What is, with 98.8% BR, the main decay mode
of this particle?
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o X BR ~ 50 fb (m,,~ 126 GeV) q a1 q
Expected ~170 signal
events on 6300 q VAW g 2099998 ( A
background.
Background: g ~20000900 —— VWY q - O Y
— Continuous : 1
n : I
— Prompt QCD photons q fragmentatio g : l?r(;u?neentation
— Fake jets (typically 1 jet out E g
of some thousand fakesa q— + L vy 9 \ O VWV oy
photon)
Selection: ECAL S

T | T T 1T ‘ T T T T I 1T 1T T
0 gf_-o- Unconverted photons ATLAS Preliminary 3

surface i .
E o~ Converted photons Data 2012, (s =8 TeV 3

— high p; for y candidates.

0.8 — single track conversions K =

- P hOtOﬂ I D . ! 0 75_ —— Dot?ble track conversions J‘Ldl=3A3 o e
+ categories based on n, and ElectronCluster 3 E
conversion probability. ~— N\ et e,

""""" 0.5 E 0:0m0r00m0n0mgr 000 0G0 (g (e 0y Y ]

— lIsolation (corrected for
pileup contamination)

0.4

Fraction of photon candidates

03 R —
— EM cluster shape: to 20 FEEEEE
reject n%— yy \ Extrapolated 0;_.._
— Electron veto: BremCluster ‘\ """"""" track tangents 5 10 15 20 25 30 3
. |\ Average interactions per bunch crossing
* No associated track. A
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H — yy candidates

ATLAS

A EXPERIMENT
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H — vy

The analysis is sub-divided
iInto mutually exclusive
categories with different
mass resolutions and signal-
to-background ratios.

Depends on the calorimeter
region the photons are

pointing into.

The existence of converted

photons.
The photon p.

Event SM Higgs boson expected signal (my = 125 GeV) Background
N categories Ot | EWHM/235 || My, = 125GeV
- Events | ggH VBF VH ttH | (GeV) (GeV) (events/GeV)
o T BDT 0 32| 61% 17% 19% 3% 1.21 1.14 33x£04
N f BDT 1 163 | 88% 6% 6% - 1.26 1.08 37.5+13
> 15 BDT 2 215 | 92% 4% 4% - 1.59 1.32 748+19
— E BDT 3 328 | 2% 4% 4% - 247 207 193.6 £3.0
= ~ | Diettag 29 | 27% 7% 1% -| 173 137 17402
- _ BDT 0 61| 68% 12% 16% 4% | 1.38 123 74£06
m é BDT 1 210 | 87% 6% 6% 1% 1.53 1.31 547+15
g BDT 2 302 | 92% 4% 4% - 1.94 1.55 1152+23
E = BDT 3 400 | 92% 4% 4% - 2.86 235 256.51+3.4
o g Dijet tight 26 | 23% 77% - - 2.06 1.57 1.3+0.2
Dijet loose 30| 53% 45% 2% - 1.95 1.48 3704
Category Np | Ns gg— H(%] VBF[%) WH (%) ZH (%] tH (%) | FWHM [GeV]
S Unconv. central, low pr¢ 6797 | 32 93 4.2 1.4 0.9 0.2 3.45
Unconv. central, high pr, 319 | 4.7 76 152 3.9 2.9 1.7 3.22
N Unconv. rest, low pq, 26802 | 69 93 4.2 1.7 1.1 0.2 3.75
o Unconv. rest, high p¢ 1538 | 9.7 76 15.1 4.5 33 1.2 3.59
q, Conv. central, low pr¢ 4480 | 21 93 4.2 1.4 0.9 0.2 3.86
Q Conv. central, high pry 199 | 3.1 71 14.5 4.1 2.8 1.7 3.51
Conv. rest, low pry 24107 | 60 93 4.1 1.7 1.1 0.2 4.32
w Conv. rest, high pry 1324 | 83 75 15.1 49 34 13 4.00
< Conv. transition 10891 | 28 90 5.6 23 15 0.3 5.57
High Mass two-jet 345 | 7.6 31 68.2 0.3 0.2 0.1 3.65
—I Low Mass two-jet 477 | 47 60 5.1 20.7 12.1 1.6 3.45
I— One-lepton 151 | 2.0 32 0.4 62.5 15.8 18.0 3.85
< All categories (inclusive) | 77430 | 249 88 7.4 2.8 1.6 0.5 3.87

CMS ys=7TeV,L=51fb"Vs=8TeV,L=53fb

- o % f‘;ﬁi ATLAS Preliminary | E E S g L Unetiod ]
The possibility of additional ¢ boomsewaones 3w |
. £ 140E —— Sig+Bkg Fit (n~1265GeV)| 71500
Jets. 'g ::(2)8;— -------- Bkg (4th order polynomial) _E w i
AT T ERE
— Sensitivity to VBF production. ol 3 S qo00]
40F- (=7 TeV, [Ldt=4.8 1o = O I
ATLAS: rectangular cuts. o ewwfaesow Won 405 f |
. . 2 12 = 3 < 500 S+B Fit ]
CMS: multi-variate methods. : @ | E IR
=4 M AR E N [ Cd+20 ]
a ‘1‘00 110 120 130 140 150 160 E?)/ 0 11|0 = 12|0 = 13|0 = 1210 = 15|0 '
M (GeV] m,, (GeV)
Third IDPASC School Cibran Santamarina 31

25-1-2013

Universidade de Santiago de Compostela



CMS \s=7TeV,L=5.1fo" {s=8TeV,L=5.3fb"

2\ E—
of H — vy

V et oo
The p-value is the probability that a BN\ /S
background-only scenario produces a 107 \/ 3o
fluctuation that reproduces the data. —— Observed

Significance

d
L i

Local p-value
S
&
p—
~S
<
—

| IIIIIII[ fTTTTT
’

E ----- Exp. for SM Higgs Boson
The 2011-2012 (up to July) ATLAS and 104 7oV Obsorved
CMS data produce a clear evidence of : 40
. - — 8 TeV Observed
a decay into two photons: 6.1 o and 4.1 Y | T T P T A T
o 110 115 120 125 130 135 140 14sz \1,)50
. m,, (Ge
With the look elsewhere effect these . N —
significances reduce to 5.6 and 3.2 o. T 10F—" <S>I\|: H —>2¥ expected p ATLAS Preliminary;
. . . —— Observed p
This mode is enough to claim for a 3 1? °
discovery (in ATLAS ©). ToL| 7 AR Yo a7 L)
1 i W A ——
10‘3 = -'h“:-z-z- e - 36
/ 10'4_4,_.-.65 ..... R | Data2011ys=7TeV____Z4o
{/\\‘ -5 e s. 2011
TN 18‘6 — - Exp. 2011 Ldt =
e Sk T T T g7 == 0bs2012 S0
\ ¢ — - Exp. 2012

- E _________________________________________________________________ 60
- 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1

110 115 120 125 130 135 140 145 150
my [GeV]
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More on H — yy

‘as we know, there are known knowns; there are things we know we know. We also know
there are known unknowns; that is to say we know there are some things we do not know. But

there are also unknown unknowns -- the ones we don't know we don't know” D. Rumsfeld
e The known-knowns: R e R
o2 3F—— Without syst. et -
ATLAS and CMS both measure  § | * Bestit :
< 25— o s —]
an excess of events to SM: e f e
2 —
— Latest ATLAS: 1.80 + 0.30 (stat) - .
+0.21 (syst) +0.20 (theory) x the SM R ’ E
] ) - preliminary-.. . s et ]
predlctlon. 1 [Ldt=4.8fb ", is=7Tey  ~TT--ifsssisastessn —
- [Ldt=13.0fb™" Vs=8TeV R
We have a mass measurement 0Pz~ 724 125 126 127 128 [G Qﬁg
(ATLAS): A
126.6 + 0.3 (stat) £ 0.7 (syst) GeV £ =r L 20n fotemmm,
. 5 eof- ]
And we have a spin study: I + E
— This mode excludes spin-1 states. s0 F_%Jf:__ + E
— Minimal graviton-like spin-2 state is ol | T
discarded by ATLAS. ol T | E
- ATLAS Preliminary jL dt=13fb', Vs = 8 TeV N
06 02 63 04 685 06 07 08 09
|cos6*|
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H—- Z2Z*

One off-shell Z.
Lepton decay of Z required.
SM predicts tiny rate at ~125

Golden mode at higher mass.
Mass: fully reconstructed events

should cluster in a (narrow) >
peak: ©
 Pure: S/B~1. %
4 leptons: <
+ High p;. it

* my, within Z mass range.
* High m;, mass.

Backgrounds:
« ZZ:irreducible

* low-mass my < 2m,:
e Zbb, Z+jets, tt with 2 leptons
from b-jets or g-jets — |.

» Suppressed: isolation and impact

parameter cuts on softest
leptons.

H 77 —sete ete
H—ZZ = u"u u
GeV H—->ZZ = utu e

L

€
40 '-_I I 1 1 I 1 1 1 I I I 1 1 1 | 1 | 1 I 1 I 1 I ] 1 1 I_-
- -z ATLAS 3
35 - 77 -
n J =30’ 3
30F W z00 3
gl tt - . ]
o5 2008 simulation 3
- = m,=400 GeV .
20 -
15 —
10 :
s :
: 1 1 1 1 I L 1 L 1 l 1 1 1 1 l 1 L 1 1 I 1 1 I_I—I‘_I_I_l L .
50 300 350 400 450 500 550
m, [GeV]

Third IDPASC School
25-1-2013

Cibran Santamarina
Universidade de Santiago de Compostela

34



Diameter 2,4 m Silicon strip detector
Length 5,4 m L]

Volume 24,4 m® s

Running temperature -10° C P {—x‘t

Dry atmosphere for 10 years P ol

o P
o

Outer barrél (T OB)

Pixel K >
e [ == H Pixel detector
TN 1 Inner barrel (TIB)Y
r’»%‘i‘ e T 1 ys 6.2m
) =14 . — j»_‘.,;?’ ’ /_/\ —
N :. ]llllllllll"llllllllllI‘R“l H

CMS:

+ 25000 silicon strip sensors.

« Surface of 210 m2,

« 75000 APV chips.

* 9600000 channels.

ATLAS: 21
«Transition Radiation Tracker:353 536 4mm- <'™
diameter Kapton straws filled with Xe/CO,/O,
gas for e ID.

*Semi-Conductor Tracker: 4 barrel layers, 9

disks per end-cap 4088 modules, 6.3M

channels.

*Pixel detector:3 barrel layers, 2x3-layer end-
cap disks 1744 pixel modules, 80M channels. ..~ End-cap semiconductor tracker
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u detectors

Chambers measuring muon tracks
with high spatial precision. MDTs
Triggering chambers with accurate
time-resolution. RPCs and CSCs.
ATLAS: Magnetic field provided by
three toroidal magnets.

CMS: Solenoidal field with yoke
return.

tube wall drift circle

Thin-gap chambers (TGC)
§ y | Cathode strip chambers (CSC)

Barrel toroid

: Resistive-plate
chambers (RPC)

End-cap toroid

VT IO ETINII,

[ /’N/ ,/,/'. [ &
"1/' _v"-{,/'l { / R \\ N )

muon
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I*I- reco performance

Crucial experimental aspects:

o V02 5 102
. . & E ATLAS Preliminary ] & B » .
 High lepton reconstruction and | 3 ST ; 3 100-  ATLAS Preminay 3
.  p . . . L gpfmmm eyt mmm = Hemem e et e T B T etk il AL AR A -
identification efficiency down to | ¢ %f'? AR REARE B I A B A ! \
c 2 i i E c E 4 E
lowest Pt g wb i i = g w i Pt E
S oo gd I - \
« Good lepton enerqgy/ 5 oe 0 FERNE IS -
S 90g 4 S gob 3
momentum resolution St ! N ]
) s 8 oo .o . 6 8 L, M .7
° GOOd ContrOI Of redUCIble B 86} I;Ztadehkﬂb I;iadehWOpb é S 86_— ;’\Dﬂitaj.Ldl~4]fb i;actadehNOpb E
wor b w - ]
backgrounds (be, Z+Jets, tt) N B s 0 s s T T N A |
H M E ter
low-mass region.
* Recovery of radiated photons. o
T £ CMS 2012 Prellmlnary ; + with LM correclion ; Mean s m'"
> [T e 8 1025 sEgTey 1 35" wamMeocion |3 FLAMS 0001011 & cus oy 21T e
S 0.1- ATLAS Preliminary - 3 101— S T i ﬁﬁfg" 00%?3‘ AT} e
: - Simulation . YoM : 8
Zo0.08 1 8= "'. N WN‘“"‘? ; # -
:0.08 - 099 R R ; ECAL barrel
e T e m,=125GeV i P g g ; o
o 06; Gaussian fit ; I 098.:_'_° NER SSUNSUUURNU-SSSSNUNRS SUSSUNNNY 1) SOSNY S 0. eﬁect Of
© m=(124.49 + 0.04) GeV E [ : 3
0.04l o= (2.00+0.04) Gev 7 (1 IS SIS SN SN S S b A ' Z—ee
: - fraction outside + 25: 0.19 1 : : : : i ! 4
0.021 . 094F ECALBaneIPmrlecoo : 1 % 0 0w
B i i P T M. (GeV
I S 3% i 083 kT 20007 Tk 0K T T U T8 6% h GV
085 80 100 110 120 130 140 date (day/month)
m,, [GeV]
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H - ZZ* candidates

Run Number: 208123
Event Number: 26433470
Date: 2012-08-06, 20:02:29 CET

EtCut > 0.4 GeV
PtCut > 0.5 GeV

Muon: blue
Cells: Tiles, EMC

Lo

QLTLAL

HMERIMENT
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H - ZZ* candidates

CMS Experiment at the LHC, CERN
Data recorded: 2012-May-27 23:351:17.271030 GMT
Run/Event: 195099 / 137440354
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H — ZZ" results

ATLAS

*4.6 fb~" Vs=7 TeV and 13.0 fb™" Vs=8 TeV.
*Maximum combined signal with p0O value of
0.0021% (4.10) at my =123.5 GeV.

Fitted m=123.510.9(stat)+0.3(syst) GeV.
*90.9 + 1.3 observed events.

CMS

5.1 fb1 Vs=7 TeV and 12.2 fb-* Vs= 8 TeV.
*Significance 4.5 o at 126.2 GeV.

w
&)

Events/5 GeV
w
(@]

[\
0

20
15

10

— e Data

s =7 TeV: [Ldt = 4.6 fb™

TTTTT]TT
0

IIIIII

ATLAS Preliminary

- Background zZ"” *
g . H—>zZ"-al

- Background Z+jets, tt

|j Signal (mH=1 25 GeV)

7% Syst.Unc.

Il
(0
o

:JLdt=13.0 fb™

100

150 200

m, [GeGT°

CMS preliminary Ys=7TeV,L=51fb"'\ys=8TeV,L=1221b"
T T T

> 25 — | T T T I T T T I T T T I T T T T —I—
H —_— [ - * Data .
*Fitted m,,=126.2+0.6(stat)+0.2(syst) GeV & :
™ B . Z+X ]
o 20¢ i [zr.zz ]
Signal (mg=125 GeV)  ZZ® Z + jets, tf Observed :,E, - Il v ]
N Vs =8 TeV and /s =7 TeV i B D m,=126 GeV 7]
0 4y 4.0+0.5 2.03 + 0.09 0.36 + 0.09 8 15— —
j o 2u2e 1.7 £0.2 0.70 £ 0.05 1.21 +0.18 2 i ]
= o 2e2u 24 +03 1.02 + 0.05 0.30 + 0.07 4 - ]
<A 4e 1.8 +0.3 0.94 + 0.09 1.72 + 0.23 4 10— ]
total 99 +1.3 47 +03 3.6 +0.3 18 i N
Channel B de 4u 2e£y 4¢ 5 __
2 ZZbackground | 4.7 £0.6 | 9.6 +£1.0 | 125 +1.4 | 26.8 £1.8 L
> Z+ X 3.4139 1.6732 56134 10.653 i
N N All backgrounds | 8.0733 11.217¢ 18.113§ 37.315¢ .
s = my = 125 GeV 24 +04 | 46 +05 | 59 +0.7 | 129 +0.9 0 ——
o my = 126 GeV 2.7 +04 | 51 +0.6 | 6.6 +0.8 | 14.4+1.1 80 100 120 140 160 180
Observed 12 16 19 47 m,, (GeV)
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Quiz

> -
&35~ ¢ Data ATLAS Preliminary
O rC ‘) .
%30__ B Background ZZ‘ ) H—>ZZ( ), 41
3 C -Background Z+jets, tt
N |:| Signal (mH=1 25 GeV)
25:_ 7% Syst.Unc.
?Hs =7 TeV: [Ldt = 4.6 fb
;sf/s =8 TeV: [Ldt = 13.0 fb |
: Why does this background
10 increase?
5

100 150 200 my [ Gee?o
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Quiz

> n
&35~ ¢ Data ATI.AS Preliminary
n - N
2 Back d zz" .
;5,30-_- ackgrotn  H—zZ"-a
3 C -Background Z+jets, tt
- [ | Signal (m =125 GeV)
251
- 7% Syst.Unc.
20f

s =7 TeV: [Ldt =4.6 fb~

1s[/S = 8 TeV: [Ldt = 13.0 fb”

Why does this background

10 increase?

100 150 200 m, [Gee?o

m, = 91.1876 GeV

2 x m, = 182.3752 GeV Iz =2.4952 GeV
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More H — ZZ* results

C-h-annel 2021
* CMS has searched for Zbadgond | DOE23
All background expected 39.4 6.6
Z—>TT mOdeS my = 125 GeV Z
my =126 GeV -
. =200 GeV 5.6 £0.6
— No candidates found. iy = 350 CeV 57406
my =500 GeV 28 +0.3
my = 800 GeV 0.3 £0.1
Observed 45
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H — ZZ* spin-parity

* Measured in lepton angular distributions:

— 0, (8,): angle between negative lepton and Z,
(£,) flight direction (Z rest frame).

— @: angle between decay planes of 4 leptons in
rest frame.

— @,: angle between decay plane of leading
lepton pair and plane defined by Z, vector in 4-
lepton rest frame and positive irection of
parton axis.

— 0% production angle of the Z, defined in the
four lepton rest frame.

* Mutli Variate anlysis.

4o

T[Tt AR

_L
] e

0 EERERRRENN )
8 ]+ Daa ATLAS el 8] Da ATLAS Pl
e ATLAS: £ 12 [l Background 22 * Immary E 12 .BackgroundZZ( relmlnary
+ . . . W4 I Background Z+jets, f Hozz'o4 ] [ Background Z+jets, ff Hoz2 4l ]
- (O ) SM S_pm and parlty remain the favored L Signal (m, = 125 CGeV) : I Signal (m, = 125 GeV) :
hypothesis. O —fop ' srTevfi-ast’ 1 0T —Fe | s7Tev =460
— 07, 2_*and 2™ hypotheses excluded at (BDT): P00 s Tev: L= 13010 o0 BTV Lt=13010" ]
» ém yp 5 3
98.9%, 84% and 97.1%. - ] - ]
« CMS:
— SM hypothesis 0+ consistent with the
observation.
— Assuming observed boson has spin zero:

» Data disfavor pseudoscalar hypothesis 0~ with a

CLs value of 2.4%. 0
« Fraction of a CP-violating contribution: f,, = 32 10 12 % 1-08-06-04-02 0 0204 0-60?)-38(9)1
1

0.00+0.31. Consistent with SM expectation.
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Other Modes

/
, W
i / T+
/
S — H
“\‘W* 7__
-
W=
1z
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*
HOWWS212V 7y, vty

In principle: most sensitive —— o+
channel over ~ 125-180 GeV (o H—-WW —=e Ve€ Ve

~ 200 fb). —— 1
Challenging: 2v: H—WW — H Vyld V,u

No mass peak — “counting channel”.
Importance of systematic effects.

2 isolated opposite-sign leptons,

large E;™Mss,

Analysis on jet multiplicities (0, 1,

2-jet bins).

Backgr: WW, top, Z+jets, W+jets.
* m, # my, b-jet veto, ...

« Topological cuts against
“irreducible” WW background:

*  pm» My, A, (smaller for scalar
Higgs), my (Il, E;Mss)
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Quiz

Why is t-tbar an important background to H—-W*W?
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Quiz

Why is t-tbar an important background to H—-W*W?

H H 20 Dec 2012

ATLAS Preliminary Theory (aopron. NNLO)
form =172.5 GeV
Data 2011,Ns =7 TeV —— stat. uncertainty
— total uncertainty
Channel & Lumi. o x(stat) =(syst) x(lumi)
Single lepton  0.70 fo™ e 179+ 4= 9= 7pb
Dilepton 0.70 fb” —e—t 173 6 *1* *Spb
All hadronic 1671878+ 6 pb
1.02 fb”
Combination o 177+ 3 *5+ 7pb
Single lepton, b — Xuv =~ —eai— 165+ 2+ 17+ 3 pb
4.66 fb”
T + JEtS 1.67 fo! 194 = 18 + 46 pb
Toag + lepton 2,05 fb ——— 186+ 13=20= 7 pb
All hadronic 168+ 12 *2+ 6pb
4.7 b \ \ \
50 100 150 200 250 300 350
o, [pb]
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Missing Transverse Energy

Two proton beams collide. - i _ i
Transverse component of By = Z Ey Ey - Z Ey
energy=0. objects objects

Conserved after collision.

The balance needs taking into
account jets from the proton
fragmentation (underlying event)

“ % ...: * e
o.. pu X ...o., ! g 2 ".o .'
v, e e zele TheTe,
. Lew S -_— L '.’..,_‘.‘....
- 5 0e®ys W,
0.: ) ' ' e - .
o.._...‘:.»"’ pu . . @ », ._.
= ° L O
. % @ /
:::.’,.o-_ \‘ LU °
o . /= . -
.
o\ o
=2 N\ /I -
El ’ ‘\ -, - ,\ ‘.N.
- ® “,. Py \ ‘ .. ::
o .., . . o o ‘ . a

Third IDPASC School
25-1-2013

Cibran Santamarina 49
Universidade de Santiago de Compostela




Missing
Transverse
Energy

The fluctuation produced by the UE
superimposes to pile-up.

Example: | know the total height of
the people in the audience.

One person leaves and | can
measure each person’s height with
gaussian shaped 5 cm sigma
distribution.

If there were 2 people in the
audience: 5 cm error.

If there were 30: 27.4 cm error.
There are ways to improve that
(remove pile-up) but there is always
an effect.

Resolution in jet reconstruction: key
point.

For that a good hadronic
calorimeter is needed.

Events / 2.0 GeV

10

Pileup jet

Typical jet

Inclusive W production from CMS
CMS Preliminary

I T T T I T T T | T T T I
18.7 pb! at \ys = 8 TeV

X

[

10
w

—e— data
W-—oev

B WK+t

B QCD

III[IIIIIII

bIIIIIII‘III\IIIIIII

-
-

-

.-
| Pl P SPUPY PP Y
T T

+
s * e . ¢ e, * thet

L ee . . *e * et ebeet
hd LK i ® v ’§¢¢‘¢*Y ¥ $ T

o) 20

40 60 80

. [GeV]

100

Third IDPASC School
25-1-2013

Cibran Santamarina 50
Universidade de Santiago de Compostela



Hadronic Calorimeter

 Detects hadrons.

« ATLAS barrel & CMS: Metal energy-
absorbing material interleaved with
scintillating tiles that sample energy
deposit.

« ATLAS end-cup: Liquid Argon.
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* REJIP oy L B I 3 o L e
= [ - — my= e imi ] s 90 |- - — my= =
HoW*W—-2I2v s e cmee commm] 8 “am spee oo
o - . vv Top 7 o 80 mmvw Top =
S o m ww 4 = E .z ww E
k%) T X\ stat.®syst. a §%) 70 [ X\ stat.®syst. —
[ - 1 = F 3
Results 18« | E
80; é 50 - + E
E - E
H r N ] 40 |~ - —
Samples categorized by ol , 1 E
g . 40; ] g . E
number of additional jets. : # ; 20 Hut 2
20 |- . —] o e -~ 7
_— e, | etaSS ;
ok — ﬂ bt o & *i \\ﬂ
. 25 F
m > Er)*+ () pr)? il d 2l 1 f
— = = . 5E + + R
T ( E T) —I_ pT % \\\ Qmmfm_yw NN % ;Z j:\\_g\\\**\\ S :i(‘\\\;tw\\x*\\*\
50 100 200 0 d 50 100 150 200 250
ATLAS CMS i e
- B - - H— pp WZ+2ZZ Top W +jets | WA all bkg. | data
Signal  WW  WZJZZIWy tt  Withtgb Z)y'+jets W+ijets Total Bkg, Obs. WAW- | = W W | 424" > £+
. O-jet opt 58112 | 203%19 6.6106 11.0+2. | 544+16 | 256205 | 201+27 | 349
H+0—]et 4519 230 W4 1682 1142 443 W17 IULR | 43 O-jet ce/pup | 37.048.0 | 140+13 59+18 5.241.3 | 30+11 | 67+2.8 | 241425 | 266
- I-jet cu 27.3+8.0 | 479478 6.5+0.7 49.5+3.3 | 22.4+86 | T.1+3.4 | 134+13 | 160
Heljet| 1826 40122 102 13 1347 24l 116 114218 | 141 l-jot co/up | 11.8+3.4 | 24.8+4.1 13.043.5 | 26.742.3 | 6.5+2.8 | 20+1.2 | 73.046.6 | 92
2-jet cp 2.840.4 | 0.9+05 0.140.0 1.540.5 | 0.3+0.2 | 0.1+0.1 | 2.9408 | 2
2jet ce/pp | 1.540.2 | 0.5+0.3 44413 0.740.2 | 08405 | 0.1+0.1 | 6.5+15 | 11
> rr~~+~r 1 T T T T T T T T ———— —,—,—
8 120_— ATLAS Pre"minary —+— Bkg. subtracted data ] % Fr I . -I - IIZ)ata :;;;SM| (sys ® stat) ]|
P C ] co100—_ATLASPreI|m|nary-WW & wzzzwy ] = T T T T A
T 100 ‘5=8T?V’J'-d‘=13-°fb'1 [] Hirscen = 2 - \s=8TeV, [ Ldt=13.01b" LI bl & 45 ATLAS Preliminary & b = oo -
2 - HoWW evavivey (011 jets) ] 2 g HoWW ' —evuy (0 jets) " Ewisce g 40F- \s-8TeV, [ Ldt-130f" O @ Elsndetep
L%’ 80— ] L%’ C b ‘2 352_ H—>WW(.)—>evuv (1 jet) B Zoers EHgZ‘:GeVI —i
601 + - 60~ = £ — —
20 . 20 . 3 E
of : : :
o b bl e e E
50 10 150 200 250 300 my [GeV] 50 100 150 200 250 300
m; [GeV] my [GeV]
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significance

* = 10—y 125 EI
M ore H —> WW resu |tS = ol ATLAS Preliminary E =
5 F\\ () £ =2
ATLAS at m, =125 GeV: 5 o\ HoWW ewpvey 3 oo
_ p0=4x102—-26 0 3 £ |\ \s=8TeV;]Ldt=13 b 3 .
© = -
— 0(pp—H)-B(H-WW) = 5 6F \\ 2inhlum) =22 4 15
+1.7 +1.7 +1.3 : wn C v\ e -2InA(,m,) = 6.0 ]
7.0 ¢ (stat) 71 ¢ (syst theor) 7,5 (syst exp) + 0.3 (lumi) pb 55 \ A, E
CM S 4F ) 9 —¥— Hoyy (2011:20124.8459H7) < —10
. L = .:“\‘._..»‘ —d— H—2Z"-1lll (20114+2012,4.8+5.8fb ')
— Significance of 3.1 o (4.1 expected at SM). 3E S E
— No other significant deviations observed: 2F ElE
» upper limits on Higgs production relative to SM 1= \'~~-...._~ —
derived. P:' 9 I~I.I~l"l'l'l-]-I-'I'-'l.-l-.'l.'l-l_]_I_l_l_l_l_I_I_]_l_l_|_l_l_]:|:l:_l:l:|:]:l'_:l.I ) 15 o
— SM nggS boson excluded in the mass 10 115 120 125 130 135 140 145 150 155
range 128-600 GeV at 95% CL. m,, [GeV]
25 P T T T T T T T T T T T T T T T T
: CMS Preliminary ~ ----- Expected : % i L. i 105 A-’l-LAS P ; . I l [
| L=49fb"(7TeV)+L=12.115'(8 TeV) —e— Observed i b 102 = - Obse,rved CMS prellmlnary_: 4 (*)re lmlnary
L HoWWo2i2v 01/2-jet — Injection m =125 GeV - \O EoT ::(e(zitr;gip?zted H— WW — 2I2v ] 103 H-WW' —evuv/uvev (0/1 jets)
20 B [ tnjection £ 1o (stat) | CC) B exgecte q ; o L=12.11b" (8 TeV) 102 \s=8TeV: _[Ldi =131
i [ imiection = 26 (stat 1 = | —signal injection m =125 GeV = 20 (stat.) 1 10 ~Obs, W+io
o : g 10k E 10E --Exp. m =125 GeV [J+20
i 1 o f i
i 1 O ]
L 4 o i
i 1 o ]
e S . : |
B N 1 107F E
: - PO R R B ‘ \\\\\\\\\‘\\\\\HH‘\HHHH‘HHHH 10- T N e
m,, [GeV] Higgs mass [GeV] my [GeV]
H
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H — bb

Largest BR for m, <130 GeV
Tests specific production & decay

1)

. . Jet oy
couplings to fermions. TN
Caveat: 0,,(QCD)~10’0xBR(H—bb) 00 > 0 |
Searched in associated production. | , -

— Need a high p lepton to trigger and i P
suppress background. Jet o

— 5 categories (depending on W/Z final S W
state)

. 2w, Zpy, Zee, Wpv, W - o

LR 288 TV TRV M| e || | M=128GeV  z
Jet Energy Scale and b-tagging — X = Wl b5 i
cornerstones = N [ PR 1sia
- C‘MSE pe:;m:fm |5H02$%2 59:42 2011 CEST “ ““ ““\ ‘| | / -~ ///
Multi variate analysis. e e “ A

Second B Jet Candidate|
pT = 48.44 GeVic

|Combined Secondary Vertex Tagger 0919]

|Combined Secondary Vertex Tagger : 0.996
|pT 161.78 GeV/c|
ZH- >uubb candidate
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Jets

Quarks-gluons: hadronize
producing a Jet.

Jet = collimated spray of high
energy hadrons.

Jet reconstruction aims at

reproducing the parton 4-
momentum.

— THEORY: “define” the jet.

— EXPERIMENT: measure the jet.
Experimental jets are
reconstructed from calorimeter
objects (clusters).

Features in a jet finding algorithm:

— Infrared safety: insensitive to soft
radiation.

— Collinear safety: insensitive to
collinear radiation.

BAD: 2 jets merged

- .
" e

‘‘‘‘‘‘‘

BAD: jet lost

BAD: 2 jets in 1
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Pseudorapidity N=-In(tan(6/2))

Antl-kT Jets =00
 List of calorimeter clusters, (4- Sy T
vectors) defined by: E, p, n.
« Calculate: Z:SS . "7}:2;55@
— Foreach clusteri: d; = p%az- . T ”'
— Foreach pair (i) Con oa AP+ AP? wem  EwE
of clusters: i = mm(pT,L,pT’J) 75 o Y

(D is a parameter)
* Find minimum of d; and d
A A e ..l camachenRer |
 Ifd,,is a d;, merge clusters | e

and _/ Add résult to the cluster
list.

- Ifd,,isad;:inot
“mergeable”: i is a jet.

« Repeat until: list of clusters
empty=all jets found.

If a=1 k; if a=0 Cambridge-

Aachen, if a=-1 anti-k;.
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A4— L R S | T T T T T
2

e Multi-jet ATLAS Preliminary
“!["o Track-jet

1.08[—4 v -jet direct balance

JES and b-tagging 7

Data/MC
o= L

1.02— ++ i

.. ) 0.9;—_;"* g | -‘{*-—%—T |
Not all energy in jets is ol i i
reconstructed: neutrals, OSE | JESuetany itk Ae06 ENWES |
leakage. | i "

. an p'T [GeV]

The calculated energy is . HeAL
multiplied by a factor: jet B . |mdetector>

energy scale (JES).
JES depends on:
— nand E of the jet.
— parton nature (g-u,d,s-c-b)

CMS 2011 simulation preliminary, s = 7 TeV

. . § ' Tm‘ ' ,i"." _/ Displaced
Working out you JES is crucial & | - yy; i racks
for your analysis: AL Secondary

— Material/detector studies. = [ | 4 Vertex

— Particle flow. B 102 y Lay 7/

— Data driven calculations. / W
Particles with b-quarks flight | Primary Y-S

. 10 y P Vertex /

~1cm distance. //
Detecting a displaced vertex in ;. :

sy 1’ L | N
ot . 0 0.1020.3040506070809 1 ,
a Jet- b'taggmg- b jet efficiency - Jet
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H — bb results

ATLAS:
« Dataset: 4.7 fb~" at Vs = 7 TeV and
13.0 fb~* at Vs = 8 TeV.

» 16 different categories depending on:
— number of leptons,
— number of jets
— pyof the vector boson candidate.

* No significant excess observed.

+ Formy =125 GeV: observed
(expected) upper limit on production
x-section x BR is 1.8 (1.9) times SM
prediction for the combined datasets.

CMS:

« Dataset: 5.0 fb"" at Vs = 7 TeV and
12.1fb~1at Vs = 8 TeV,

+ BDT selection.

»  Upper limits at 95% CL vary from 1.0
to 4.2 times the SM x-section in the
mass range 110-135 GeV. |

At m,=125 GeV the observed
(expected) limit is 2.5 (1.2).

+ Excess of events observed above the
expected background with local

Events / 15.0

95% Asymptotic CL Limit on o/og,,

no [~ B~ o [=2]
LI — T

j—y

i CMS P‘relfmi‘na‘ry‘
- (s=7TeV,L=5"
{s=8TeV,L=12.1fb"
[ VH(bb), combined

—o— CL Observed ]
-4- CL H125injected |
-+ - CLExpected ]
[ CLExpected+10

CL,Expected =20

L L L L ‘ L L
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el Ly
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m, [GeV]
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- CMS Preliminary
| Vs=7TeV,L=5.0fb"
L Vs=8TeV,L=12.11b"
- pp— VH; H— bb

e Data
I VH(125 GeV)
v

22 MC uncert. (stat.) |

I T T T T
—— Sub. stat. uncert. ;

Events/10 GeV

95% C.L. limit on o/cg,,
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T Et1s VH(bb), combined

1 1 1 1 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | i
110 115 120 125 130
m,, [GeV]
~ELERE A L R L
400~ ATLAS Preliminary lWZ+ZZ
R JLdt:n.afb", 1s=8TeV lWH1256 v ]
C ev
300; JLdMer", \s=7TeV lZH 125GV
C 0,1,2 lepton i
200~ -+-Data-Bkgd —
100 +

!

P IR

|

:

1 l 1 L L 1 1 1
50 100 150

I R
200

250

significance of 2.2 o, consistent with -
expectation for SM Higgs. M (Gel]
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H— 11

« High oxBR at low mass 2008 simulation

- Sensitive to all production modes = Avias E
 Probes coupling to leptons giob Yo s TeYs seret
 Enhanced o x BR in MSSM st E
« Challenging large backgrounds: = LFT
Lo so Yoo Y=o Tao Y eo Sso
— DYt e MR
- W+JetS §1 = i— 3;218(1 20)‘>-|:-|:‘>Il71 é
- QCD -l T E
* Relies on missing transverse energy. 3 =
* Assumes collinear approximation: N L e iat 5 st cn ca s el IL
daughters aligned with original e ®e  ree 2o 1a0 192.al%W
g q" q” q
* 3
ll|:|lll q
*H T
g q' o
Gluon Fusion Process 2 9 9 VH Process .
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T reconstruction

T's decay to hadrons and a neutrino 65% of the time. —
Rest 45% leptonic. T >
Isolation of the T daughters (lepton or 1-jet) required.

Hadronic 1:

—  Number of tracks: 1 (49.5%), 3 (15.2%) and very seldom 5
(0.1%) charged particles

— Lifetime: The T lifetime (c1=87um) and low mass (m.=1.78 Gev)
produce sizeable decay length. The decay path allows for the
reconstruction of the decay vertex

— Invariant mass.

—  Multivariate discriminator. 5 [T R T ] . ATLAS
@ = I . = 13 EXPERIMENT
5 "

2 os g .
- ae
) . ATLAS Preliminary
£ o0s 4
§ - Data 2o12.de|=2.a b
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. 5.0, CMS, Preliminary, H—tt, L =17 fb™
F —e— observed
H — zrresults ¢« — &
g 4'05_ [ = 1o expected
CMS E 3-5; [ ] =20 expected
« 17 fb-17 and 8 TeV data. o 30
. . R
« 5final states considered: 10
— uth+X, eth+X, ey+X, thth+X, and

Hp+X.

« Final result combined with W/Z
associated production Higgs

95% CL Limit on o/c,,

OillIlll\ll\‘\llllllll‘\\

l | T 1T T 7 | L ‘ T T T | T T T ‘ L I l
Homw ATLAS Preliminary 1

— —e— Observed CL_ [Ldt=46f"1s=7TeV
-- Expected CL, [ Ldt=13.0fb", s =8 TeV
— [Jt20
I+ 1c

search. W/Z leptonic decay. A P SN T T PR F R P R L.
«  Upper limits on the production SM 120 130 mT(qieV]
)((B-section deter(r;nine)d (110 " My [GeV]
eV<mH< 145 GeV CMS Preliminary 171" at ¥s=7and 8 TeV
At my=125 GeV exclusion limits of L T T o |
1.63 observed (1.00 expected) at Category oSGy | S LATLAS Prelminary | tj: j:(jt;b s 78T$ZV
95% CL e : * : § | —oObserved H - tt j
ATLAS zEF \ A | 10? --- Expected for SM Higgs Boson _g
. H R TlTl ’ H N TlThad and H N X ____________________ _| ____________________ 1: ... Expected for SM Higgs Bosonath=125GeV ]
thadthad i ' 3 g
er X  — | E 1
. g_EIS_ f8—1 @7 TeVand 13.0fb-1 @ o v et
eVv. X | 10— T E
«  my=125 GeV observed (expected K ’ ’ To6
> o A e ]
;gper limit at 95% CL: 1.9 (1.2) SN 102k .
SM- Combined 8Te ~ ——H E A N N
* For this mass: observed (expected) | conbie s 100 H0 120 130 140 150
deviation from background-only B m— 4 m, [GeV]
local: 1.1 (1.7) o signal strength
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All Together
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|ATLAls Prleliminlary | !mH=12ISGeV
ATLAS Summary |"5
Ealifti e —T
‘J__?I"\II:’IE[Ld 461" _._
. . V- aTvILd 3b :
« A combination of all channels to H W vy
make a best determination of the E’Wﬂ N
Tho o o
* The signal strength is also used to ;“;f“d“’ e
determine the Standard-Model [ SN
likeness of the signal. u =0 L
corresponds to the background- Signal strength (1)
: —_ —~ 45— e — -
Only hypOtheSIS and M= 1 2 F  ATLAS Preliminary 2011 + 2012 Data =
corresponds to the SM Higgs 5 F Eorrev[a-asasn’ —comones E
boson signal. § 35 @-sTevfieton’  THom S
« Two main decay modes give g % ST T
tension (2.7 sigma) in the mass  ® 2% / AN Y S
result. 2 e ) b
1'5;_ + Bestfit __/ E
my = 1252+ 0.7 GeV = 1252 + 0.3 (stat) = 0.6(sys) GeV  TF —esmor . N i T3
0.5 e =
Mg = 7 - i = 30111 GeV =30+ 08 (stat) *07 (sys) Gev 120 122 124 126 128
my; [GeV]
Third IDPASC School Cibran Santamarina 63

25-1-2013

Universidade de Santiago de Compostela



CMS Summary

« Significance of boson is 6.9 o.

* my=125.8+0.4 (stat) £ 0.4 (syst) GeV.

* The event yields of different decay modes and production mechanisms: consistent with the
SM Higgs boson.

« Consistency of the couplings of the boson the with SM Higgs tested without significant
deviations.

« Assuming J=0 the data disfavour the pseudo-scalar hypothesis 0~ with a CLs value of 2.4%.

(5=7TeV,L= 511" is=8TeV, L=122f" l5=7TeV,L= 5.1 s=8TeV, L=122ft" OMS Prliminary {57 ToV,L=5.1 5" /5 =8 Toli L= 12215
CMS Preliminary m,, =125.8 GeV CMS Preliminary m, = 125.8 GeV & 3.0r H—> + H—> ZZ "+ Combined
e} YY .
i -y
S 25
- + H-2ZZ

H— bb L [
Untagged L 3 20l .

H—1t ———— i
1.5) .
'BF tagged —— - -
H—yy -l 1 0:_ -
VH tagged —+u— - ]
i—-WW —— 0_5__ ]
- ttH tagged ] PN B R R B B

A=>2zz " 00=""54 125 126 127 128
PETERERTEN SRR N S I PERTI TR P I T ST SR A | S S
0 05 1 2 25 2 0 2 my (GeV)
Best fit olog,, Best fit o/og,,
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CMS Summary

« Beautiful plots on production and decay
couplings.

CMS Prehmlnary F 7TeV, L<5.1 fo' Vs=8TeV,Ls12.21b" CMS Preliminary

Vs=7TeV,Ls5.1f fs=8TeV,Ls12.21fb"

i SM Higgs @ Fermiophobic ¢ Bkg. only

uqu+VH

K (scaling of fermion couplings)

-1.0 0 5 0. 0 0.5 1 o 1 5 2. o 2. 5 3. o 3.5 - 0 o e — 1i5
ggH+ttH K, (scaling of vector boson couplings)
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The End

Is this boson a SM lonesome cowboy?
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Higgs —» ZZ - 2e+2p |
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Channels for Light Higgs

- Experimental data show a preference for a light Higgs M,,~116 GeV/c?.
-There the situation is quite messy. —
-The largest cross section channel: H— bb

-Overwhelmed by the huge multi-jet cross section.

(d.9) Eg @,9)

@9 @.9) b (@.9) b (q,9)
g g
g P 9 @9
@.9) @.9) @.9) b
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The Standard Model in CMS

—
f=]
2

Events per 10 MeV
— —_— — —
S R 2 =2 =

—

2011 Run, L=11M")
CMS \s=7TeV

\'
VB.

A l

\I

trigger paths

N

B J/y
B, - 1w

|y

M low p_double muon
high p double muon

r 4

» dimuon mass distribution from overlapping trigger paths
+ dimuon triggers are fundamental for searches but used
also for studying quarkonia and for calibrations purposes

1 10

|
02

dimuon mass [GeV]
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ATLAS Trigger

ATLAS TRIGGER:
3 LEVELS

L1 custom built
electronics.

L1 decision and

positions of particle/jet
candidates transmitted
to the HLT.

L2 and EF constitute
the HLT.

HLT sofiware analysis

of event fragments by
dedicated algorithms in
PC farms.

hardware

------------
Regions of Interest | | I [

software

Interaction rate

Bunch crossing
rate 40 MHz

2.5 us

~10 ms

~ SecC.

< 75 kHz

EVENT FILTER

~1 GHz CALO MUON TRACKING

Pipeline

LEVEL 1 memories

TRIGGER

Derandomizers

| Readout drivers
(RODs)

LEVEL 2
TRIGGER

o) kHz

Readout buffers
(ROBs)

Event builder

~ 200 Hz

Full- event buffers
processor sub farms

Data recording
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| | | | 1 1 |
Oom m 2m 3m 5m 6m 7m
Key:
Muon
Electron

~=—— Charged Hadron (e.g.Pion)
— — — - Neutral Hadron (e.g. Neutron)
----- Photon

Silicon
Tracker

' Electromagnetic \
3 )]” Calorimeter
Hadron

Calorimeter

Transverse slice
through CMS

Superconducting
Solenoid

Iron return yoke interspersed
with Muon chambers

D Bamaey, CERN, Febricuy 2
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TOROID

The outer toroidal magnetic field is produced by eight very large air-core
superconducting barrel loops and two end-caps. 26 m long and 20 m in
diameter, and it stores 1.6 gigajoules of energy. Its magnetic field is not
uniform.
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