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What experimental tools do we have to study this new particle’s
properties?
What do the current datasets tell us?

Recent results on couplings, and prospects for future
measurements



Higgs production

Thanks to LHC:

» Results today use 5 fb-!
(7TeV) + 6 fb! (8 TeV)

» Expect an additional 20
fb-! this year

Luminosity uncertainty:

» 1.8%/3.6% (2011/2012,
ATLAS)

> 4.4% (2011/2012, CMS)

Total Integrated Luminosity [fb |

Total Integrated Luminosity [fb ]

20
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7 ATLAS Online Luminosity Vs=7TeV —]

- [ LHC Delivered
=[] ATLAS Recorded
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[ ATLAS Online Luminosity \s=8TeV
B D LHC Delivered
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B Total Delivered: 18.0 fb™ B
15— Total Recorded: 16.9 fb" ]
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Higgs production

- Gluon fusion
» |5 pb (7 TeV)
» 14% uncertainty (scale + PDF)
» 30% higher at 8 TeV

- Vector boson fusion

» 1.22 pb (7 TeV)
» 3% uncertainty

- Associated production
» WH:0.57 pb (7 TeV) +/- 3%
» 20% higher at 8 TeV




Branching ratios
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Higgs decay

Higgs decay probabilities
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Branching ratios
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photon reconstruction

[Po/Ar/Cu

CMS JAYJ WA

energy resolution: ~ 0.5% (constant term) energy resolution: 10%/VE
for high-E; photons (1% constant term in barrel)
angular resolution improved by “likely” “pointing:” resolution ~15 mm
collision vertex (pileup-robust)

identification and energy corrections: BDT neural-net or cut-based identification



photon reconstruction
P

- ~40% of Higgs candidates
reconstructed as converted
photons

» ATLAS: Z vertex resolution
improves

...but overall m resolution
degrades (3.2 GeV =2 4.5 GeV)

» CMS: improves mass resolution




lepton reconstruction

Muon drift tubes + cathode strips Muon drift tubes + cathode strips

4 barrel stations standalone/cmbined tracking

L))

\ Central detector

~ll / = 1 \ T,

' A Lt |
ol 4 '4 ..‘h et

tracker
> 10-20 pm in R-¢
vy 4 K l

ATLAS

’Nr

A

PID via transition radiation

electrons: >7 GeV, |[n| <2.37 electrons: : ET >7 GeV, |n| <2.5
muons: E; > 6 GeV, |n| <2.7 muons: E; >5GeV, |n| <2.5
missing E; = 25 GeV missing E; = 25 GeV



hadronic tau reconstruction
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b-jet tagging

- discriminating variables:
» N m

tracks? ' " "vertex

> vertex L, significance
» track impact parameter d,

> vertex pt ratio

- leptons, neutrinos in jet lower b-jet: mass scale ~5%
low

- b-jet energy resolution: ~10% (CMS), |13% (ATLAS)



Light jet rejection

10°
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b-jet tagging

ATLAS Preliminary —_ v
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b-jet efficiency

ATLAS MVI:

3-d impact parameters + vertex reconstruction = neural network

CMS CSV:

vertex significance and energy-based likelihood ratio
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easily 20°interactio
—-in-2012datasets
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Background Efficiency

1/N dN/dm,,, / 0.5 GeV

pileup performance
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current techniques control

pileup effects for at least 20
interactions







Diphoton channel

CMS Experiment at the LHC, CERN
Data recorded: 2012-May-13 20:08:14.621490 GMT
Run/Event: 194108 / 564224000




Diphoton channel

Cﬂ‘\/‘dy CMS Experiment at the LHC, CERN

Data recorded: 2012-May-13 20:08:14.621490 GMT - nOW: diSCOVGI’)’ dataset
Run/Event: 194108 / 564224000

» also, my, central value

» also, cross section:

» 2 loops!
» PDF/scale uncertainty 15%

t':,."‘ _-‘

68% and 95% CL fit contours
w/o M,, and m, measurements

68% and 95% CL fit contours
w/o M,,, m and M, measurements

M,, world average £ 1o




Events / GeV

Data - Bkg

L e e e S B B O L B B B B B B B B B

Selected diphoton sample
o Data 2011 and 2012
Background model
......... SM Higgs boson m, = 126.5 GeV (MC)

\s=7 TeV,J Ldt=4.81b"

\s=8 TeV,J Ldt=5.91b"

ATLAS Preliminary
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ATLAS
» photon E; thresholds: > (40,35)

» background mostly irreducible:
» about 20% fake photons
» fit with 4" degree polynomial

Diphoton channel

CMS
» tighter cuts at high mass:
» photon E; > (m/3,m/4)
» MVA event selection

» removes additional 76% of
photon background

22400

£ CMS Preliminary —— Data
§2200  1is=7Tev, L=5.1fb" T SBH t
—2000[ 1s=8TeV,L=53f" 0
1800} 5 =20
(2] r All Categories Combined
4%'1 600 - 9
01400
w1200
1000 (-
800}
600
400
200
C I 1 I | 1 I L | L L I | L I 1
900 120 140 160 180

m,, (GeV)

expect: ~110-140 GeV exclusion
Observe: excess! 4.5 (4.1) o local significance.



Entries / 5 GeV (normalized to unity)

Diphoton event welghts
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-1.0 -0.5 0.0 0.5 1.0
wi _ SZ /BZ di-photon MVA output

decision tree output:
photon ID quality, angles, energy ratios.



Y weights / 2 GeV

¥ weights - Bkg
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local significance

» 4.6 0 (—3.60,look-elsewhere)

signal shape represents |.6

GeV diphoton mass
resolution

Diphoton results, welghted

local significance
» 4.10(—3.20,look-elsewhere)

fitted width 1.2 GeV (best
category)
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//* channel

low BG, good resolution

5 angles in final state:

- can access spin and CP
coupling properties




//* channel: selection

Virtual! mZ* 212 GeV

» requires soft lepton thresholds!

» reject hadron resonances: mass > 5
GeV

CMS
» Z1:40-120 GeV, Z2: 12-120 GeV
» matrix element analysis

ATLAS

» Z,:50-106 GeV, Z,: 17.5-115 GeV
(mass dependent)

a.u./ 0.5 GeV

o
a

0.08f

0.061

0.04

0.02f

T T T | T T 11T ‘ T 1T 17T | T T 7T | T T 11 T T T T T 1T T4
| ATLAS Preliminar ]
| Simulation + 1

® m,=130GeV

Gaussian fit

[ HoZZ'—4u (\s=8TeV)

' m=(129.50 £ 0.04) GeV
| 6=(2.1310.04) GeV
I fraction outside + 26: 16%

I without Z mass constraint

80™°80 “T00 110 120 130 140 150

my, [GeV]

- Z-mass constraints applied when reasonable:

» Expected resolution |.8-2.5 GeV after constraint



//* channel: selection

Virtual! mZ* 212 GeV > 0.12F T T

. | 0] - ATLAS Preliminar 1

» requires soft lepton thresholds! © . Simulation ]

» reject hadron resonances:mass >5 < | ¢ m.-10Ge *

Gev g 0.081 Gaussian fit h

CMS HoZZ* >4y (s = 8 TeV) { 1

0.06[- i

» Z1:40-120 GeV, Z2: 12-120 GeV T raran ooy ! |

3 matr'iX element analysis 0.04; fraction outside + 26: 19% ‘ ‘:

ATLAS 0.02 . ‘L N

i with Z mass constraint ¢ 1

» Z,:50-106 GeV, Z,: 17.5-115 GeV [ !
(mass dependent) 80™°80 “T00 110 120 130 140 150

my, [GeV]

- Z-mass constraints applied when reasonable:

» Expected resolution |.8-2.5 GeV after constraint



Events/0.02

Events/4 gev

//* channel: backgrounds

AR RSN RN LR AR RRRRN RARRE LR .
301 ATLAS Preliminary . Data . Contl nuum ZZ*
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// channel: results

- local significance:

» 340 — 2.50 (ATLAS)

» 3.20 CMS

» note: CP odd could be
distinguished at 1.6 0
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Events

VWWW*
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sooo~ ATLAS Preliminary &' & wozzwy -

- Vs-8TeV,| Ldt=5.810" Oy | Esrewo

C " +ets +jets —
5000:— H->WW Sevuv/uvev ! CJH [1]25 GeV]
4000F 2 =
30001~ -

o

N

N

o

foo] &
Z =
3. O
w

- W as spin analyzer:

» leptons produced at small
angular separation .-

events /10°

Large backgrounds, poor mass
resolution:

» b-tagging, kinematics for tt
» wrong-sign for VW+jets

» high-m, large ¢, for WW
» Remainder: pure simulation
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Signal strength (u)

VWWW*

ATLAS: Require relative E;miss > 25 GeV:

» transverse component to nearest lepton or jet
(withind@ < 7/2)

Fit m distribution: mr = \/(Er(0) + Br(miss))® — [5r(¢0) + pr(miss)
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/4 1-prong T
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. verify fermion coupling!

- access many production channels
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H—77

lots of categories:
» (3 tau-pair decays) x (gluon fusion, boosted,VBF, VH)

most sensitive: “boosted” 7,7, but all <0.03 S/B

Zz7 is the largest background:

s 20p T LN LN R LR
. wn - -
» modeled by embedding L qg How ATLAS :
2 - —e— Observed CL, E
o 16:_ — — Expected CL, det=4.7 fo! |
€ 14F [ J+2 =
:l' 12:_ - \s=7TeV .
o C
X 10k
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top-associated production

direct test of large top-
Higgs coupling
combinatorial challenge:

» correct pair among 4 b-
tagged jets

» ATLAS kinematic
likelihood fit gets correct
daughters in 20% of
events

acceptance: allow fewer

jets/tags

» use H; instead of my,

Arbitrary units
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0.25}
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0.15

0.1

0.05

IIIIIIIIIIIIIIIII
> 6 jets, = 4 b-tags
A
Higgs particle matched (26.4%) -
b-quarks from Higgs matched (20.2%)_T]
I All partons matched (7.5%) ]

ATLAS Preliminary (Simulation) ™
my= 125 GeV
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top-associated production

95% CL Limit on o/cy,,

3 [ ATLAS Preliminary e+ >6 jets, > 4 b tags
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- ATLAS (leptontjets): KL classification, then fit distribution
loose limits (< 13 x SM) at 125 GeV
- CMS (lepton+tijets + dilepton; ANN):

- <3.8xSMat 125 GeV

» ANN doubles expected sensitivity w.r.t ATLAS
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ATLAS (leptontjets): KL classification, then fit distribution

loose limits (< 13 x SM) at 125 GeV

CMS (leptontjets + dilepton; ANN):

< 3.8 x SM at 125 GeV

» ANN doubles expected sensitivity w.r.t ATLAS



VH with H—bb

Best way to observe key
leptonic coupling

Events / 10 GeV

» Tevatron evidence channel

Simple reconstruction:

» “standard” weak boson finding

(2v,vv, 22)
» 2 MVI b-tagged jets pr > 25 GeV
boson p; cut improves S/B
» varies from /100 to I/10
» CMS exploits high p; region...

highly-boosted analysis favored
for 13 TeV

» requires alternative Higgs
reconstruction

— T
® Data 2011 =

ET gy A
450 ;_ ATLAS I Signal x5 J
400F .[ Ldt=47",\s=7TeV (m =120 GeV)
E — NN Total BG 3
350E WH— bbb Top =
E Z+jets 3
— W+jets -
3005 — Di;oson E
250 Multijet -
200E -
150F E
100; ........ A E
50E ) ~
- res..- o =
0— | P T PR A e, S Tl T T
0 50 100 150 200 250
m; [GeV]
p= [T 7 ¢ LA B B BN L B BB L R B
o - ATLAS e
g [ e Observed (CLs) \5=7 TeV, J Ldt=4.6-471" 1
2 [ Expected (CLS)  vH(bb), combined
= - I+ 1o
= T [ J+2c T
— L
O
32
T
fo)

R
120

ol 1]
125 130
m, [GeV]



95% CL Limit on o/aog,,
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CMS:
merged jet categories not considered

boosted decision tree includes
kinematics, jets, and color flow




Summary: status of signal strength
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SM properties
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- Invisible particles?

» float gg, yy vertex factors,

fixing other couplings
» BR <0.84 at 95% CL

very first comparisons of
signal strength of different

processes:
» no significant deviation from
SM
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ATLAS best signal categories (today)

background
(90% mass
window)
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Process
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near-term prospects
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Hints of lepton couplings
with 2012 data: likely

» MVA would help

CMS:near 3 0 CP
determination in ZZ*
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conclusions

4V ’ .
- discovery-is a triumph: decades of

planning, LHC performance!!, agile
experiments

- first evidence . doesn’t contradict SM Higgs |
hypothesis (but lots of room)

- powerful searches exploit experimental
tools and assumed Higgs properties

» we will need the same tools (and more) for
the long road of direct measurements ahead!




