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Prospects for the end of the year and beyond

ATLAS Online Luminosity \s=8TeV
LHC Delivered
ATLAS Recorded
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Standard Model Higgs Properties ggime;;g?cf‘{
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Mass measurement ggimﬁeg:g?cs(‘{

CMS preliminary \s=7TeV,L=5.1fb"\s=8TeV,L=19.6fb" —
T . ATLAS Preliminary —— Combined (stat+sys)
~ "0 syst) ) Vs=7TeV: de‘ =4.6-4.81" Combined (stat only)

H — Yy q H — ZZ>|< — 4/ vith syst.) [ Vs=8TeV:[Ldt=20.7 o :::YZYZ<~)_>4,

— Stat + Syst ] \ \ \\ [ / /
| ~2.40 d|screpancy

Vs=7TeV L=5.1fb"
CMS Preliminary Vs=8TeV L=19.6fb" I:

ol 122 124 126 128 130
127
m, (GeV) my, (GeV)

1111 ‘ L1 11 ‘ L1 11 ‘- "' | ‘ L1 11 ‘ L1 11
122 128 124 127 128 129
my [GeV]

my = 125.4 + 0.5 (stat) & 0.6 (syst) GeV  mx = 125.8 & 0.5 (stat) 4= 0.2 (syst) GeV

| Ho 220 S| H = 7y
Mass from H — 77 (mx = 120i96(stat) + 4(sys) GeV) consistent i (GeV) | 124.375S (stat) 95 (sys) | 126.8 + 0.2(stat) + 0.7(sys)

Combined mass:
125.5 & 0.2(stat) 702 (sys) GeV
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Mass measurement gzmﬁem?cj({

CMS preliminary \s=7TeV,L=5.1fb"\s=8TeV,L=19.6fb" —
T . ATLAS Preliminary —— Combined (stat+sys)
~ "0 syst) ) Vs=7TeV: jLC" =4.6-4.81" Combined (stat only)

H — Yy q H — ZZ* — 4/ vith syst.) [ Vs=8TeV:[Ldt=20.7 o :::;;»_}M

— Stat + Syst I ] \ \ \ [ / /
| ~2.40 d|screpancy

Vs=7TeV L=5.1fb"
CMS Preliminary Vs=8TeV L=19.6fb" I:

ol 122 124 126 128 130
127
m, (GeV) my (GeV)

1111 ‘ L1 11 ‘ L1 11 ‘- "' | ‘ L1 11 ‘ L1 11
122 128 124 127 128 129
my [GeV]

= 125.4 £ 0.5 (stat) £ 0.6 (syst) GeV  myx = 125.8 £ 0.5 (stat) £ 0.2 (syst) GeV

| Ho 220 S| H = 7y
Mass from H — 77 (mx = 120i%(stat) + 4(sys) GeV) consistent i (GeV) | 124.375S (stat) 95 (sys) | 126.8 + 0.2(stat) + 0.7(sys)

Combined mass:
125.5 & 0.2(stat) 702 (sys) GeV

| Dixon & Siu: hep-ph/0302233
i 0 change due to (2-loop)
interference of continuum

@
o

[fb/GeV]
o
TTT lol TT T T T T7TT TT T TTT

| S. Martin arXiv:1208.1533
. shift of mass peak ~100 MeV
— (assuming SM Higgs)

do/dM

Lot oo o by o by o by oo v byyo s by gy
122 123 124 125 126
M, [GeV]
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Mass measurement

CMS Preliminary

H — v~

Vs=8TeV L=19.6fb"

Vs=7TeV L=5.1fb"

CMS preliminary \s=7TeV,L=5.1fb"\s=8TeV,L=19.6fb"

I: .

~ "o syst.)
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. ATLAS Preliminary
Vs=7TeV: fLdt = 4.6-4.8 fo!
r Vs=8Tev: [Ldt=20.7 fb!

—— Combined (stat+sys)
---- Combined (stat only)
— H—=yy

—H-2z2" >

H — ZZ* — 4/ vith syst.)
. : I T Y B /

~2.40 d|screpancy

— Stat + Syst
Stat Only

130
my (GeV)

P R [ 122 124 126 128

126 127
my (GeV)

11 L1 11
128 129
my [GeV]

T Y I | \\\‘i"’\\ L1 1]
122 128 124 125 126 127

= 125.4 £ 0.5 (stat) £ 0.6 (syst) GeV  myx = 125.8 £ 0.5 (stat) £ 0.2 (syst) GeV

| Ho 220 S|
mu (GeV) ‘ 124.3705(stat) 703 (sys) ‘ 126.8 £ 0.2(stat) & 0.7(sys)

Combined mass:
125.5 & 0.2(stat) 702 (sys) GeV

H— vy

Mass from H — 77 (mx = 1207%(stat) + 4(sys) GeV/) consistent

| Dixon & Siu: hep-ph/0302233
| o change due to (2-loop)

| interference of continuum Does this give a handle on

total width or complex
phases from new physics?

[fb/GeV]

| S. Martin arXiv:1208.1533
. shift of mass peak ~100 MeV
— (assuming SM Higgs)

do/dM

BT Ry
M, [GeV]

P AR
122 123
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Overview of the channels
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Details §:zr,z‘f:.:.:;';?cf‘Tg
Channels are sub-divided to enhance sensitivity either for
experimental reasons or take advantage of production features

Higgs Boson | Subsequent Sub-Channels f Ldt

Decay Decay [fb~1]

Ref.

2011 +/s =7 TeV

H — ZZ® 4¢ {4e,2e2u,2u2e, 4u, 2-jet VBF, (-tag} 4.6 [8]
10 categories

H =y B {PTt ® 17, ® conversion} @ {2-jet VBF} 4.8 7]
H— Ww® tvly {ee, eu, ue, uu} ® {0-jet, 1-jet, 2-jet VBF} 4.6 [9]
TiepTlep {eu} ® {0-jet} @ {£€} ® {1-jet, 2-jet, prr > 100 GeV, VH} 4.6

TlepThad {e,u} ® {0-jet, 1-jet, prr > 100 GeV, 2-jet} 4.6 [10]
ThadThad {l—jet, 2—jet} 4.6

Z > vy ET™ € {120 — 160, 160 — 200, > 200 GeV} ® {2-jet, 3-jet} 4.6

VH — Vbb W — ¢y p%v € {< 50,50 - 100, 100 — 150, 150 — 200, > 200 GeV} 4.7 [11]
Z - L p% € {< 50,50 - 100, 100 — 150, 150 — 200, > 200 GeV} 4.7

H— 1T

2012 +/s =8 TeV

H — ZZ® 4¢ {de,2e2u,2u2e, 4u,2-jet VBF, {-tag}} 20.7 [8]
14 categories _ 207 7]

{p1t ® N, ® conversion} ® {2-jet VBF} & {(-tag, E1"**-tag, 2-jet VH} ~

H— WwW® tvly {ee, ey, ue, uu} ® {0-jet, 1-jet, 2-jet VBF} 20.7 [9]

TlepTlep {6} ® {1-jet, 2-jet, prr > 100 GeV, VH} 13

TlepThad {e, u} ® {0-jet, 1-jet, pr.r > 100 GeV, 2-jet} 13 [10]

Thad Thad {1-jet, 2-jet} 13

Z—> vy ET™ € {120 — 160, 160 — 200, > 200 GeV} ® {2-jet, 3-jet} 13

VH — Vbb W — Lty p¥v € {< 50,50 - 100, 100 — 150, 150 — 200, > 200 GeV} 13 [11]

Z— L p% € {< 50,50 - 100, 100 — 150, 150 — 200, > 200 GeV} 13

H — vy -

H— 71t

Kyle Cranmer (NYU) PCTS, April 26, 2013



Details covrenron (Y

PARTICLE PHYSICS

Channels are sub-divided to enhance sensitivity either for
experimental reasons or take advantage of production features

Higgs Boson | Subsequent f Ldt
Decay Decay Sub-Channels [fb!]

Ref.

2011 +/s =7 TeV

H — 7ZZ® 4¢ {4e,2e2u,2u2e, 4u, 2-jet VBE, (-tag} 4.6
10 categories

H =y B {P1t ® 17, ® conversion} @ {2-jet VBF} 4.8
H— Ww® tvly {ee, eu, ue, uu} ® {0-jet, 1-jet, 2-jet VBF} 4.6
TiepTlep {eu} ® {O-jet} @ {££€} ® {1-jet, 2-jet, prr > 100 GeV, VH} 4.6
TlepThad {e, u} ® {0-jet, 1-jet, ptr > 100 GeV, 2-jet} 4.6
ThadThad {l—jet, 2—j€t} 4.6
Z > vy ET™ € {120 — 160, 160 — 200, > 200 GeV} ® {2-jet, 3-jet} 4.6
VH — Vbb W — vy pTW € {< 50,50 — 100, 100 — 150, 150 — 200, > 200 GeV} 4.7
Z > p% € {< 50,50 — 100, 100 — 150, 150 — 200, > 200 GeV} 4.7

H— 1T

2012 +/s =8 TeV

H — 7ZZ® 4¢ {de,2e2u,2u2e, 4u, 2-jet VBE, (-tag}} 20.7 [8]
14 categories . )

{p1t ® 17, ® conversion} & {2-jet VBF} & {(-tag, E7"’-tag, 2-jet VH}

H— WW® tvty {ee, ey, pe, pup} ® {0-jet, 1-jet, 2-jet VBF} 20.7  [9]

TlepTlep {6} ® {1-jet, 2-jet, pt.r > 100 GeV, VH} 13

TlepThad {e, u} ® {0-jet, 1-jet, pr.r > 100 GeV, 2-jet} 13 [10]

ThadThad {1-jet, 2-jet} 13

Z—> vy ET™ € {120 - 160, 160 — 200, > 200 GeV} ® {2-jet, 3-jet} 13

VH — Vbb W — ¢y p%v € {< 50,50 - 100, 100 — 150, 150 — 200, > 200 GeV} 13 [11]

Z -t p% € {< 50,50 - 100, 100 — 150, 150 — 200, > 200 GeV} 13

H — yy — 0.7 [7]

H—> 11
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Global combined u scales all modes w.r.t. SM expectation

» good for discovery, but a blunt instrument for probing deviations
Several goodness-of-fit tests - depend on #d.o.f. considered

» Individual u; compatible with combined & at 13% (and u=1 at 8%)

» Combined i« compatible with p = 1 within 9%

I I I I
Higgs Decay Mode | i (mp=125.5 GeV) ATLAS Preliminary -85y

W,ZH — bb

_ iy
VH — Vbb 0.4+ 1.0

H— Tt

\s=7TeV: [Ldt=4.61b"

H - TT 0.8 :|: 0.7 Vs=8TeV: [Ldt=131b"

H—WW" = v

Vs=7TeV: }Ldt =461 1
Vs =8TeV: f[Ldt=20.7 fb"

H— Ww® 1.04+0.3 o

\s=7TeV: [Ldt=4.81b"

Vs =8TeV: fLdt=20.7 fb™

H — ~vy 1.6 = 0.3 H— z_fz”_—> 4
H — 727 1.54+0.4

Vs=8TeV: [Ldt=20.7fb"

Combined u=130=%=0.20 ;
Vs=7TeV: [Ldt=4.6-481" | _e—
Vs=8TeV: [Ldt=13-20.7b" :

Combined 1.30 £+ 0.20 | | | | | | |
4 0 +

+0.25 Signal strength (u)

L Mdobs = 1.65f8:§j(stat)_0.18(syst)

Uobs = 1.01 £0.21 (stat.) £ 0.19 (theo. syst.) +£ 0.12 (expt. syst.) = 0.04 (lumi.)
Kyle Cranmer (NYU) PCTS, April 26, 2013




- CENTER FOR m
VBF 2-photon candidate S s |
Myy = 121.9 GeV
E_(yl) = 193.9 Gev
E_(y2) = 78.0 GeVv

n(yl) = -0.405
ny2) = 0.037
Mjj = 1460 GeV

E_(j1) = 288.8 GeV
E_(j2) = 189.1 GeV

N(jl) = -2.022
n(j2) = 1.860

ff_ ata recorded: Mon Sep 26 20:18:07 2011 CEST
Run/Event: 177201 / 625786854
{kunusecuon 450
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VBF 2-photon candidate

About 12 Higgs events expected in VBF-like categories

my, = 1269 GeV ¢l
AT]jj =5.6
mjj = 1.67 TeV

ATLAS

A EXPERIMENT




VBF H— 4l candidate e @

no candidates in lepton-tagged categories
1 VBF candidate observed (m4=123.5 GeV) [0.7 expected, S/B~5]

"
vet Number: 7610050
It 20020824, 08 M0 CET /
1wt > 10 GeN

ut - 04l
5 .

"
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Our SM bias? covrenron (Y

PARTICLE PHYSICS '

ATLAS does not have a Z(— vv) H(—4l) b/c sensitivity in SM is small
mau=123.5 GeV, ETmiss=121.3 GeV

Run Number: 208123
Event Number: 26433470
Date: 201 2.08406, 20:02:29 CET

EtCut > 0.4 GeV
PtCut > 0.5 GeV

Muon: blue :
Cells: Tiles, EMC ™
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Taken from Aspen

Model-independent vs. model-specific approach

Model-independent approach, single channel results:
Signal strength parameters p; for separate search channels

= Most robust information for testing different models

Interpretation is nevertheless not trivial:

# Assume same acceptances and efficiencies as in the SM?
# How to disentangle different production modes?

Correlations?

Kyle Cranmer (NYU) PCTS, April 26, 2013



“You think you know what you want...

ggF mVBF WH ®EZH mttH
ATLAS Preliminary (simulation)
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|nC|USIV€ T I 1T |_I.I_J_ | T T T | T T | T T 1 | T T T |

Unconv. central low p
Unconv. central high p .
Unconv. rest low P
Unconv. rest high P,
Conv. central low P,
Conv. central high P,
Conv. rest low P,
Conwv. rest high P,

—

Conwv. transition
Loose high-mass two-jet

Tight high-mass two-jet
Low-mass two-jet [ |
ET™* significance ||

ATLAS Preliminary
Data 2012, s = 8 TeV_:

Ldt =20.7 fb"

H- vy

m,, = 126.8 GeV

One-lepton

_||||||i3;i_'|||||||||||||||||_

0O 10 20 30 40 50 60 70 80 90 100 -2 0 2 4
signal composition (%)

k k
Nignal = (Z pioi,sm X Ajy X €¢f) X By s x L
- 0; = pios s is the it hypothesized production cross section

- B = usBy.su is the f* hypothesized branching fraction

- Detector acceptance A* £, reconstruction efficiency s,’ff, and
infegrated luminosity £* are fixed by above assumptions

6 8 10
Signal strength

Kyle Cranmer (NYU) PCTS, April 26, 2013
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... let me tell you what you want”

PARTICLE PHYSICS

The systematics are correlated, which leads to a non-trivial
migration of events between categories.

» We can disentangle the different production modes

Systematic uncertainties Category Value(%) Constraint
Underlying Event Tight high-mass two-jet ggF: 8.8 VBF: £2.0  VH, ttH: +8.8  Log-normal n
Loose high-mass two-jet ~ ggF: +£12.8 VBF: £3.3  VH, ttH: +12.8 VH
Low-mass two-jet ggF: £12 VBF: £3.9  VH, ttH: +12

— Total
— Stat.

|

Jet Energy Scale Low pry ggF: 0.1 VBEF: -1.0 Others: —0.1 Gaussian
High pry ggF: =0.7 VBF: -1.3 Others: +0.4
Tight high-mass two-jet ggF: +11.8 VBF: +6.7  Others: +20.2 uVBF
Loose high-mass two-jet ~ ggF: +10.7 VBF: +4.0 Others: +5.7
Low-mass two-jet ggF: +4.7 VBF: +2.6 Others: 1.4
ER*significance ggF: 0.0 VBEF: 0.0 Others: 0.0
one-lepton ggF: 0.0 VBF: 0.0 Others: —0.1

— Syst.
H—yy

[Ldt=4.81b", Vs =7 TeV

Jet Energy Resolution Low pr¢ ggF: 0.0 VBF: 0.2 Others: 0.0 Gaussiar “ggH"'ttH
High pry ggF: -0.2 VBF: 0.2 Others: 0.6

Tight high-mass two-jet ggF: 3.8 VBF: -1.3 Others: 7.0

Loose high-mass two-jet ggF: 3.4 VBF: -0.7 Others: 1.2

Low-mass two-jet ggF: 0.5 VBF: 3.4 Others: —1.3

El".“i“signiﬁcance ggF: 0.0 VBF: 0.0 Others: 0.0

one-lepton ggF: —0.9 VBEF: -0.5 Others: —0.1

[Ldt=20.7 b, /s = 8 TeV

jecsecccscccnacnnna

ATLAS Preliminary
2011-2012
my, = 126.8 GeV

L L I L L L L I L L L
4 5 6
Signal strength

+' Best fit
— 68% CL
cesee 95% CL
X SM

o

n* modelling Tight high-mass two-jet: +7.6 Gaussial
Loose high-mass two-jet: +6.2

Dijet angular modelling Tight high-mass two-jet: +12.1 Gaussial
Loose high-mass two-jet: +8.5

MVBF+VHXB/ BSM

.
.
.
L]
[}
!
L]
L]
L
L
.
’

Higgs pr Low pr: +1.3 Gaussial
High pr¢: -10.2
Tight high-mass two-jet: —10.4
Loose high-mass two-jet: —8.5
Low-mass two-jet: —12.5
E.‘}‘i““signiﬁcance: -2.0
one-lepton : —4.0

.
L]
.

]
1]
[

.

.

.
.
.
.

»*
»
x
.Q

‘e

ATLAS Preliminary
2011-2012
m, = 126.8 GeV

-05 0 05 1

Material Mismodelling Unconv: —4.0  Conv: +3.5 Gaussial

JVF Loose High-mass two-jet ggF: -1.2 VBF: -0.3 Others: —1.2 Gaussial
Low-mass two-jet ggF: -2.3 VBF: -2.4 Others: -2.3

E?‘i” ER*significance ggF: +66.4  VBF: +30.7 VH, ttH: +1.2 Gaussial

e reco and identification one-lepton: < 1 Gaussial
e Escale and resolution one-lepton: < 1 Gaussial
p reco, ID resolution one-lepton: < 1 Gaussial
u spectrometer resolution one-lepton: 0 Gaussial

_h_lllllllII|IIII|IIII|IIII|IIII|III

—
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Model-independent presentation ggg;«;;;;gcf‘{

S ATLAS Preliminary

\'s=7TeV: [Ldt=4.6-4.8fb"
s =8 TeV: [Ldt=13-20.7 fb”

—l
o

x B/Bg,,

—H — vy + Standard Model
—H 77" = 4 X Best fit
—H—>ww" - vy — 68% CL

H— 1t --=- 95% CL

MvBFvH

.
$
3

\
-
k)
\
]
M

m,, = 125.5 GeV
_4 IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

2 -1 0 1 2 3 4 5 6 7 8

MggF+ttH % B/BSM

Next: covariance matrix or likelihood before grouping ggF+ttH & VBF+VH
Note: All coupling measurements pass through this space
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Updated CMS result (4T*
Unfortunately, H—vyy no longer high

CMS Preliminary {s=7TeV,L<5.1fb" Vs=8TeV, L= 12.2 o’ CMS Preliminary \s=7TeV,L=5.1f" \s=8TeV,L=19.6fb"

T 1T L | LU B L L I L I O I B B R B I
\ H

H = vy B 68% CL
H— ZZ* — 4] 95% CL

® best fit
+ SM

\

H— WW
H— 7z
H— bb
H— vy

\
IIII|IIII|II\II|III|I\III|IIII|IIII

—1 O 1 2 3 4 5 - _||||||||||||||||II;|IIII|I|||||||||||||||||||||||
u 8—1 -050 05 115 2 25 3 35 4

ggH+ttH MF
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Model-independent presentation :g:,:;;;e;;;;;f‘f
Can’t compare contours directly, b/c there is a different BR for axis
But, BR cancels when considering slope in this plane

» still sensitive to theory uncertainties (jet veto, ggH+2jet contamination,...

ATLAS Prellmlnary

Vs=7TeV: [Ldt=4.6-48fb"
Vs=8TeV: [Ldt=13-20.7 fb"

ATLAS Prellmlnary

(s=7TeV: [Ldt=4.6-4.8 1"
(s=8TeV: [Ldt=13-20.7 fb”

MVBF+VH

—H—=yy + Standard Model my, = 125.5 GeV

' —H-7z70 = g X Best fit
o, ——H—>ww -y —68%CL
H— === 95% CL

— combined —H =y
--- SMexpected —H — 77" - 4
—H->ww" = Wi
H—

E IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII |IIII
m(/) 10 _L_ll"ulll
N~ | 1
m -\
X 1 __ '.I
NI

my, = 125.5

/'u
VBF+VH ' ggF+ttH

~30 evidence for VBF Higgs production!
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Ratio of Branching Ratios ::z:;;;;e;;;;;f(%
Anything that relies on oggr subject to reasonably large theoretical
uncertainty (thus hard to make claim of BSM physics)

» Measure ratio of branching ratios instead

Not trivial with multiple production modes b/c cross-section doesn’t cancel

~ BR() _ BR(Z7) _ BR(ZZ) BR(yy) BRsu(22) _ BR(ZZ)
L (“BRSM(77)> L (MBRSM(ZZ)) G _BEsu(72) BR(ZZ) BRsu(n), "BRsu(22)

NP POI NP

—
o

ATLAS Prellmmary

Vs=7TeV: [Ldt=4.6-481fb"
Vs=8TeV: [Ldt=13-20.7 fb™

=

N
m
~
m
X

HggF+ttH
HVBF+WH

1. Profile on

—H—=yy + Standard Model
—H-2zZ" -4 X Bestfit
—H—ww" - vy — 68% CL

“H - --- 95% CL

MVBF+VH

2. Overall (4 production cancels
BR(yy) BRsm(Z2)
BR(ZZ) BRsm(vv)

3. Measure:

Kyle Cranmer (NYU) PCTS, April 26, 2013
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Ratio of Branching Ratios ((T"
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IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
ATLAS Preliminary

(s=7TeV: [Ldt=4.6-4.81b"
(s=8TeV: [Ldt=13-20.7 fo’

BR(H— yy) y BRgy(H — ZZ®™)
BR(H — ZZ™)  BRsm(H—yy)

x B/Bg,

Pyy|zZ =

—H—=yy + Standard Model
—H->2zz" -4 X Bestfit
—H—wwW" - niv —68% CL

H— --- 95% CL

MVBF+VH

+0.4
. 1_0.3

+0.7
| 07_0.5

Pyy|ZZ

|

Pyy/WW

my, = 125.5

b e e e e e e L _ 6+08

b0 1 2 3 4 5 6 7 8
o Pzz|Ww 05

—— T
ATLAS Preliminary
Vs=7TeV: [Ldt=4.61fb"
Vs=8TeV: [Ldt=20.71"

———
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Unofficial estimate from CMS

1

19.6 fb”’

CMS Preliminary \s=7TeV,L=51fb" 1s=8TeV, L=
RN RN R AR ERREN RARRR RN
or H—=>y I 68% CL
85 H— ZZ% — 4] 95% CL
6:— ® best fit
aE + SM
2 [

Pyy)z2z =

approx 0. 7—|—O.4

105005 115 225373
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M
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BR(vy) BRsm(ZZ)
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Narrow width approximation
The basic starting point for the various parametrizations :

o(H)>M Il
[SM T

o(H) x BR(H — xx) =

No useful direct constraint on total width at LHC
» ideally, allow for invisible or undetected partial widths
» leads to an ambiguity unless something breaks degeneracy
Various strategies / assumptions break this degeneracy
» Assume no invisible decays
» Fix some coupling to SM rate
» Only measure ratios of couplings
y Limit Ty < FSM eg. Diihrssen et. a, Peskin, ..
- valid for CP-conserving H, no H**, ... cuion, Haber, wudka (1991
- together with T';, /T = meas = Ty <T' < FV g7/ meas

Kyle Cranmer (NYU) PCTS, April 26, 2013
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Parametrizing the couplings S |

Approach: scale couplings w.r.t. SM values by factor «

» Expansion around SM point with state-of-the-art predictions

Option 1) relate ggH and yyH assuming no new particles in loop

Kyle Cranmer (NYU) PCTS, April 26, 2013



Overview of parametrizations

Production modes

U ggH
SM

gegH
O VBF

SM
U VBF

OWH
SM
OWH
O7H
SM
U7
OwH
SM
o>
ttH

o

Total width
I'n

SM
Iﬂ}I

{ Ké(Kb, Kt, mH)
2

2
Kypp(Kw, Kz, my)

Ky option 1/2

CENTER FOR m

COSMOLOGY AND L
PARTICLE PHYSICS

Detectable decay modes

SM
FWW(*)

SM
77 (%)

rbE
I*Shd
bb
Ft‘t+
I“Shd

T Tt

IﬂYY
SM

IﬂYY

I'zy

(Kba Kt, Kty KW, mH)

(Zry)(Kba K'[a Kz, Kw, mH)
2

| @y

Kyle Cranmer (NYU)

PCTS, April 26, 2013
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Benchmark models :‘:zr,z‘;f.:;::;:f?
Fully model independent fit is not very informative with current data

- Benchmarks proposed by joint theory/experiment LHC XS group
arXiv:1209.0040

Probe Fermionic vs. Bosonic couplings: KF K = Kp = Ky
- relevant for Type | 2HDM Ky Kw = K7

Probe W vs. Z couplings (custodial symmetry)
> note: current benchmark assumes nothing new in ggH and yyH loops!

Probe up. vs. down fermion couplings

Probe quark vs. lepton couplings

Probe new particles in ggH and yyH loops

Probe invisible decays

Kyle Cranmer (NYU) PCTS, April 26, 2013
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Probing new physics in loops e

I_

ATLAS Preliminary + SM
Is=7TeV, [Ldt=4.6-48f0" x Bestfit

(s =8 TeV, [Ldt = 13-20.7 fo' — 68% CL
---- 95% CL

1

2.2

2
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Near future §:zr,z‘;‘:.::;;?csd€

ttH and WH production with H— bb and H—yy will offer some
useful measurements to play against H—yy

T 17T I T T 1T I LI I T
ATLAS Preliminary + SM
ls=7TeV,[Ldt=4.6-48f" X Bestfit

/s =8 TeV, fLdt = 13-20.7 fo" — 68% CL
~--- 95% CL

II|III|III|III|III|III|III|III|III|III‘

—I-II|III|III|III|III|III|III|III|III|II-I—

11| IIII|IIII|IIII|IIII|IIII|IIIIIIII
11 12 13 14 15 16 1.7 1.8

y

BEOOEOO) AAATG

g

“0000000°

Kyle Cranmer (NYU) PCTS, April 26, 2013



Probing invisible decays «Tﬁ
. . . Ky (i) SM
Here total width modified by: (1= BRpy onae) ™

» uses effective coupling for ggH and yyH loops
» everything else is SM-like (namely VBF production)

Disfavors |arge BR to invisible As BR(inv) increases, kg must increase
As kg — « B(gg)— B(gg)sm~10%

Thus BR(inv) < 1-B(gg)swm

CMSPreIImlnary \F 7TeV,L=51fb" Vs=8TeV,L= 122fb
T 1T TTTT]TTTTPI=FA"FI" FAeg 0 TTT

> 2.0
~ C
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Information Geometry o @

PARTICLE PHYSICS '

For a given experiment, there is a natural parametrization of the theory where the
expected error ellipses are all unit circles = a metric on the original parameters
For couplings, the metric tensor for any theory can be written in terms of

» a (singular) matrix representing experimental information, and

» a Jacobian that depends only on the theory [(K,) — JT[(n)J
In example below the likelihood contour n = (oi, BRy)

is reconstructed by following geodesics gl K = your theory

metric tensor

W g likelihood contour

. n n ! 5 00w . . . . . E
10 15 20 25 30 00 05 10 15 20 25 30

T 30f

1257

1 20¢

1 157

1 10§

geodesics

] 05FH

00 = ]
00 05 10 15 20 25 30

Kyle Cranmer (NYU) SITP Oct 15, 2012
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A worked example

Consider several number counting expts. (bins) with expectation:

)\c — Z Sc;pdllpTld =+ bc

p,d
where the » are scale factors for production and decay. Fisher
iInformation matrix is given by the following (singular) matrix:

1 8)\0 Z
Ae | ONy, (‘977,,
For a specific theory parametrized by « that predicts #(x) we have

() = 3 |G| ) | 5

cleanly factorizes theory from experiment.

C

Kyle Cranmer (NYU) SITP Oct 15, 2012



Experimental Design

The volume of the error ellipse is proportional to

Vet (L, ()

The volume of the ellipse at the standard model (x=kswm) is a
reasonable figure of merit for optimizing an analysis.

Recall Ae =) Scpdlpfa + be
p,d

Parametrize cut requirements by a, then expected signal becomes

Sespd — Seppd ()

And analysis optimization becomes

v, \/ det[I,,, (Ksn)] = O

Kyle Cranmer (NYU) SITP Oct 15, 2012




LHC potential for European Strategy ‘ﬂT’

Bad timing:
» same few months as discovery and first property measurements
» limited effort available for these studies

» based on simplifications and assumptions about detector, how
theory uncertainty evolves & systematics will scale with increased
lumi, etc.

2009 < LHC startup, Us = 900 GeV
2010

2011 Os=7-~8 TeV, L=6x10% cm™ s’!, bunch spacing 50 ns nggs Self coup hng measurements
2012 2025 feasible only at HL-LHC

2013 ; : o
Go to design energy, nominal luminosity

2014

2015 = More challenging environment
2016 Os=13~14 TeV, L~1x10%** ecm= 51, bunch spacing 25 ns (< > ~ 140)
i ~75-100 fb-! W ’

2018 Ls2 Injector and LHC Phase-1 upgrade to full design luminosity

2019
2020 I Os=14 TeV, L~2x10%** cm2 571, bunch spacing 25 ns
2021

2022 1S3 HL-LHC Phase-2 upgrade, IR, crab cavities? Occupancy and requlred data rates:

Major detectors upgrades to cope
e WIth higher radiation levels, higher

2023

-Replacement of critical components,
-Upgrades to trigger and electronics

E. Meoni (Aspen 2013)
Kyle Cranmer (NYU) PCTS, April 26, 2013 31

. Os=14 TeV, L=5x10* cm= 571, luminosity levelling ~3000 fb
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ATLAS & CMS Projections g;gme;mf‘{

ATLAS Preliminary (Simulation) ATLAS Preliminary (Simulation)
Vs =14 TeV: [Ldt=800 fb"' ; [Ldt=3000 fb" Vs =14 TeV: [Ldt=300 fb""; [Ldt=3000 fb"

JLdt=300 fb™" extrapolated from 7+8 TeV JLdt=300 fb™" extrapolated from 7+8 TeV
T

L T T T 1 T T T T T
H— uw ./T CMS Projection CMS Projection
Z" "9 L e e e e I s s e e e B I — T T T T T [ T T T
Expected uncertainties on 10f"at f§=7and 8 TeV Expected uncertainties on 1 s00t"at 5= 14Tev

ttH,H—>MM ] ' H H ., Higgs boson signal strength 300" at 5= 14TeV Higgs boson couplings 1 30016 at 5= 14 TeV w scaled sys. unc.

300 fb"at 5 = 14 TeV wio theory unc.

VBFH—tr , - K

Hovyy Ky

H—ZZ g% .

H—->ZzZ
H—ww Kp

9

K,

t

Ho1tt
H—bb t t 1 K
|

0.0 . . . . . . 0.10 0.15
expected uncertainty

Figure 2.8: (Left) Estimated precision of the signal strength determination for a SM Higgs boson,

from CMS. The projections assume /s = 14 TeV and an integrated luminosity of 300 fb~!. They

are shown including the current uncertainties and neglecting the systematic uncertainties from

T R A theory and are compared to the expected uncertainties of the measurement with 10 fb~! at

02 04 06 08 v/s = 7 and 8 TeV. (Right) Estimated precision on the measurements of the couplings k-, kv,

Kg, Kb, Kt, and k, from CMS, for 300 fb~! at /s = 14 TeV. The green line represents the

A(FX/ ry) A(KX/ Ky) precision attainable in the case where all systematic uncertainties are kept unchanged (present

ryry - Ky /Ky knowledge). The red line represents the precision achievable scaling the theoretical uncertainties

by a factor of 1/2, while other systematic uncertainties are scaled by the square root of the
integrated luminosity.

Figure 2.10: (a) Expected measurement precision on the signal strength in a selection of chan-
nels for 300 fb~! and 3000 fb~!. (b) Expected precisions on ratios of Higgs boson partial widths.
In both figures the bars give the expected relative uncertainty for a SM Higgs with mass 125 GeV
(dashed are current theory uncertainty from QCD scale and PDFs). The thin bars show extrap-
olations from current analysis to 300 fb~!, instead of the dedicated studies for VBF channels.

Kyle Cranmer (NYU) PCTS, April 26, 2013



Status of the current projections
v3 appendix of M. Peskin’s [arXiv:1208.5152] discussing
European Strategy results

» understandable frustration with lack of documentation for these
projections and poorly understood differences between ATLAS &CMS

What can be done to improve this situation for Snowmass?

g(hAA)/g(hAA)

| y-1 LHC/ILC1/ILC/ILCTeV

0.15 |

0.1

Kyle Cranmer (NYU) PCTS, April 26, 2013


http://arxiv.org/abs/arXiv:1208.5152
http://arxiv.org/abs/arXiv:1208.5152

Example

0.5% precision on h— bb !

» warning... no systematic uncertainties

COSMOLOGY AND
PARTICLE PHYSICS

Table 11.2.4: Relative uncertainties on the Higgs ¢ x BR expected at /s =1 TeV
using the SiD detector with integrated luminosities of 500 fb~' and 1 ab™! and
polarisation sets P(e ™) =-80%, P(e™) = +20% and P(e ™) = +80%, P(e™) = -20%.

Z =500 fb!

#=1ab"!

P(e7)=-80% P(e")=+80%
Pe™)=+20% P(e™)=-20%

P(e™) =-80%
P(e™) = +20%

0.0067
0.108
0.044
0.047

0.046
0.843
0.294
0.346

0.0047
0.076
0.028
0.031

Tim Barklow, Snhowmass Energy Frontier @ BNL [link]

Kyle Cranmer (NYU)

PCTS, April 26, 2013



https://indico.bnl.gov/conferenceDisplay.py?confId=571
https://indico.bnl.gov/conferenceDisplay.py?confId=571

CENTER FOR

The Central Jet Veto gszgxgcf‘{

Central Jet Veto leads to theoretical uncertainties

Flow of color-charge leads to different
distributions for additional QCD radiation for
Electroweak and QCD /Zjj background

1/o do/dng

A Central Jet Veto is a major tool for the
analysis

Precise knowledge of signal efficiency is
crucial for limits and coupling measurements

Kyle Cranmer (NYU) PCTS, April 26, 2013



sPlot

CENTER FOR
COSMOLOGY AND =
PARTICLE PHYSICS

By looking at Z — eTe~ & Z — pt 1~ we remove Higgs contribution

*
3

<
i®)
N

o
i)

o
N
—

pp ~ Z)jjX

If we can find some other
variable that is:

» uncorrelated to the 3rd
jet’s distribution

» discriminates between
EW & QCD

then we can unfold the two
contributions

Kyle Cranmer (NYU)

PCTS, April 26, 2013
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Monte Carlo uncertainties

Fairly striking difference between Sherpa & Alpgen QCD
» Steffen Schumann helped us validate this in Sherpa
» this is a good testing ground for modern QCD tools

» my point here is not the prediction, but about how well we can
measure the EW vs. QCD

T ‘ T T T ‘ T T T
— = Alpgen QCD

e Sherpa EW
— = Sherpa QCD

0.1

2
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e
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o
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©
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An example fit comenrer MY

PARTICLE PHYSICS

—QCD

Different shapes for EW / QCD

---Electroweak

o /+2j is leading order for the
EW process, under better
control (NLO possible)

Normalized to Unity
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_ QCD M shape either:
An example fit  from data (loosen cuts) or from MC
* Assess systematic on shape
assumption by switching between
Alpgen and Sherpa template

gog ol g g g g gt C
1000 1500 2000 2500 3000 3
M, in GeV
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An example unfolding ﬁzzr::‘f:.::;;?cf?
black: truth blue/red : unfolded
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Kyle Cranmer (NYU) PCTS, April 26
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Results §:zr,z‘f:.::;;?cs(¢{
Performance of the method depends on true S/B (EW/QCD) ratio.

» N* can be unfolded quite well

» systematic due to QCD M; shape and correlation with pT3

» with a favorable S/B we might be able to measure difference
between Alpgen & Sherpa

Now needs to be followed up within experiments
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Results §:zr,z‘f:.::;;?cf‘Ty
Performance of the method depends on true S/B (EW/QCD) ratio.
» N* can be unfolded quite well

» systematic due to QCD M; shape and correlation with pT3

» with a favorable S/B we might be able to measure difference
between Alpgen & Sherpa

Now needs to be followed up within experiments
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Conclusions '::zr,z‘f:.:;::;?cf‘{

The measurement of Higgs properties is under way

» we have a working framework in which to perform these
measurements

» some channels are already transitioning to systematics limited
» theoretical uncertainties are a big challenge
Our current projections for LHC potential are quite uncertain

» we don’'t want to make our physics case on overly optimistic or
pessimistic projections
- Don’t mis-underestimate how clever we can be with time

- it's hard to plan on these improvements, when the strategy for achieving
them is not yet in place.

Higgs coupling measurements in scenario where we observe non-
standard production or decay are also interesting

Kyle Cranmer (NYU) PCTS, April 26, 2013



