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CMS .
= Introduction

m  Goalis to update the Higgs coupling projections for the completion of
LHC(300 fb") and HL-LHC(3000 fb™) presented first time at European
Strategy for Particle Physics

o http://cds.cern.ch/record/1494600/files/NOTE2012 006.pdf
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o we'll show here preliminary update on couplings for the so called scenario 1 and 2
) o wmore to come for Minneapolis ano white paper submission
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Present UF
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Present UF

Significance (my = 125.7 GeV)
Combination
710 710 6.70
420 390 320
560 530 390
210 220 200
270 260 280
H—rT and H—bb 350 340 340

>3 ¢ evidence for
fermions deca Y

Vs=7TeV,L<51f"' {s=8TeV,L<19.6fb" CMS Preliminary ys=7TeV,L<5.1f" ys=8TeV, L=< 19.6 b
T T TTTTT[TTTITIIT

Combined CMS Preliminary m, =125.7 GeV B 1
u=0.80+0.14 pSM=O'65 _68°A:> CL

—95% CL t

Z ’
’
’

Michele de Gruttola

H— bb
w=1.15+0.62

H—1t
w=1.10= 0.41

H—yy
uw=0.77=0.27

a

1
T I“Illlll
.
.
.
.
.
.
.
.
.
\
.
.
.
.
.
11 IIIII|

H— WW
uw=0.68=+0.20

H—ZZ
w=0.92=+0.28

2 345 10 20 100 200
mass (GeV)

15 2 25
Best fit O'/O'SM

0

—

Tuesday, July 2, 13



CMS,

Inputs compared to previous projections

®  CMS has made significant progress from the Higgs discovery
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it looks even more like a Higgs boson!

more important here: the uncertainty scale amazingly according to the expectation
- some changes in the sub-channels in the interplay of syst and theory uncertainty
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®m  H->4l channels already at iCHEP12 had a very sophisticated
analysis

CMSP Im ary \F 7TVL 51fb ;Vs=8TeV,L= 196fb

> 20p T
8 18; .bata {
H'IC'—:LB—OOZZ 5 160 szzz 3
- added VH and VBF category 2 ) 25 GV
10" "

- added JPC study.... not the content on this talk
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CMS,

HWW,HtT

= HWW: analysis managed to improve

slightly
o 212v: from MVA + CC (my) to 2D-fit (mu, mT)

_g - observation also in WW now! H(Q—iS—OOB
% o 212q, 313v, include WH and VBF %

UF
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CMS Preliminary, s = 7-8 TeV, L = 24.3 fb™

®  Htt: analysis strategy unchanged

—
o
o
o

TT

o further optimization, improved MET
resulting in improved analysis

HIG-13-004

- addVH

S/B Weighted dN/dm_ [1/GeV]
|

- strong indication here! "0
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s H->bb, ttH UF

T T T T | T T T T | T T T T | T T T T | T |_
L faat e Data i
| CMS Prellmlnar1y —— Sub. stat. uncert. _|
 Vs=7TeV,L=5.0fb" mEE VH(125 GeV)

- = _ -1 [ ]VV 7
: (s=8TeV,L=1211fb 2% MC uncert. (stat.)

H->bb:
VHbb: strategy not changed (boost)

Events/15.0

reduction of bkg systematics

new boost theory corrections with
~10% uncertainty

E: HIG-1=2-012
S http://arxiv.org/pdf/1112.5142v1.pdf C’
>
|
O .
0 ttH:
9
E ttHbb: new results includes full
§ SYStematiCS treatment i} Lepton+Jets and Dilepton _ CMS ﬁ=7TeV,.L=5.0fb'1;ﬁ=.8TeV,L=5.1flb'1
fully MVA, more conservative g T T Observed ' ' '
uncertainties resulting in lower E
sensitivity 2
S/B worse at 8TeV due to ttbar increasing
more than signal
ttHgg: new addendum in CMS, less
sensitivity wrt bb
2__ ...................................................................................................................................................
HHG-12-035 —=
8
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CMS
Z UF

®  Signal and background are scaled to 14 TeV and to
L=300(3000)fb"

" We “assume” CMS triggers and reconstructs with same
efficiency/thresholds

o (CMS L1 TDR: https://cds.cern.ch/record/1556311

®  Use the most recent CMS results (more information wrt to ESPG)

Michele de Gruttola

°© scenario 1: ;
- do not touch the experimental and theory uncertainties _

°© scenario 2:

- scale experimental systematics uncertainties byt 1/sqrt(L) .’
- reduce by 50% the theoretical uncertainty

The goal for CMS Ls to do something close to scenario 2 with
the future upgrades!
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= Magquillage UF

curremt Phasel Phase

5
%

B See J.Olsen talk for details on how CMS will look better in the
o future
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m  Usual set of signal strength (single fit parameter) grouping decay

Physics model

modes

= Same model used by CMS current results and recommended by

LHC XS WG (arxiv:1209.0040)
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N K; K

o BR(ii — H — ff) = 0y, * BRy,, ———
KH

6 parameters: Higgs couplings to g, Y,V(W,Z),t,b, T
measurements:

»  GF:H->ZZWW,yy

4 VBF : H->ZZ,WW, vy, TT

»  VH:H->bb, H->TT, vy

»  ttH:H->bb, H->yy

loops not resolved (modified scaling
effective coupling to y and gluons)

LO parametrization, don’t aim at 0(1%)
precision...

all k’s are correlated to total width, kp
dominates



m  Usual set of signal strength (single fit parameter) grouping decay

modes

= Same model used by CMS current results and recommended by

LHC XS WG (arxiv:1209.0040)
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o BR(ii = H — ff)=0,, ' BR,,
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6 parameters: Higgs couplings to g, Y,V(W,Z),t,b, T
measurements:

»  GF:H->ZZWW,yy

4 VBF : H->ZZ,WW, vy, TT

»  VH:H->bb, H->TT, vy

»  ttH:H->bb, H->yy

loops not resolved (modified scaling
effective coupling to y and gluons)

LO parametrization, don’t aim at 0(1%)
precision...

all k’s are correlated to total width, kp
dominates




CMS,

CMS Projection (Prelim.) CMS Projection (Prelim.)
Expected uncertainties on —{ 300fo'at s =14 TeV Scenario 1 Expected uncertainties on =< 3000M"at fs=14 TeV Scenario 1
H|ggs hoson Couphngs — 300" at 5= 14 TeV Scenario 2 Higgs boson Coup”ngs F— 3000M"at fs=14 TeV Scenarioc 2
Ky 1 K, % 1
L =300fb L =3000fb
Ky s Ky ; 4
%3 Kg t [4“15] % Kg | | [;2-”101 70
g Kb ‘ Ky 1 i
L -
O Kt t Ky } i
)
o K K. 1 i
Q
D |
= 0.00 0.05 0.10 0.15 0.00 0.05 0.10 0.15
= expected uncertainty expected uncertainty
Numbers in brackets are % uncertainties on coupling deviations for [scenario 2, scenario 1]
N ° - & ) - - ~~/ O e e
Goal: ultimate precision of ~5% or better
|3
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CMS,

| 4

Explain the changes wrt ESPG

CMS Projection

1 T T L 1
Expected uncertainties on [ 00 1" at e s 44 TeV 6 S PC i

Higgs boson couplings 1 300m"an = 4 TeV o scnied syn.
S — L =300fb™
K' d— d
[4-1517
Ky
Kl
K'.
000 005 0.0 T 0.15

expected uncertainty

ke uncertainty now bigger due to the change in the preliminary results for ttHbb at iCHEP (5 b7 TeV)
used for ESPG to published results (5fb"7TeV + 5fb™ 8TeV)

- fork closer for L=300: because it is still stat dominated

Kb: change in VHbb

- higher theoretical uncertainty: this explain why scenario 2 is slightly worse (also considering the
precision)

- lower experimental uncertainty: this explain why scenario 1is better now

all ks are correlated through the total width

- change in kb influence all the others
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CMS,

|5

Explain the changes wrt ESPG

CMS Projection (Prelim.)

Expected uncertainties on 1 300f at fs = 14 TeV Scenario 1 S Wowma SS
Higgs boson couplings 1 300®"at 5= 14 TeV Scanario 2
. L =300fb™

[2-151%

0.00 0.05 0.10 0.15
expected uncertainty

ke uncertainty now bigger due to the change in the preliminary results for ttHbb at iCHEP (5 b7 TeV)
used for ESPG to published results (5fb"7TeV + 5fb™ 8TeV)

- fork closer for L=300: because it is still stat dominated

Kb: change in VHbb

- higher theoretical uncertainty: this explain why scenario 2 is slightly worse (also considering the
precision)

- lower experimental uncertainty: this explain why scenario 1is better now

all ks are correlated through the total width

- change in kb influence all the others
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CMS,/ )

= CMS experiment plans to cope with <50> PU and <140>PU
thought LHC and HL-LHC life

" We show the preliminary updated of Higgs coupling projections

" we can achieve for all the Higgs coupling constants an
uncertainty of 5% or better

Michele de Gruttola

o fork between pessimistic and optimistic scenario reduced

- central values basically the same even thought many inputs have significantly
changed!

o theory uncertainty scaled by 50% in scenario 2

- could we do better in 10 ys from now? (e.g. on boost VH?)

|6
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e Future UF
Y e —

\ moctor | Phase 2
splice upgrade cryolimit HL-LHC
consolidation interaction installation

Cryogenics regions —_—

Point 4
20 20 20
dispersion
button collimators, Suppression

R2E project collimation,
R2E project

expenment beam experiment 2 x nominal luminosity expenment
nominal pipe nominal luminosity upgrade } upgrade
luminosity \ phése 1
70% radiation
e — damage

= Phase 1: 2015- 2021

reach design luminosity by LS2, 2x | Integrated
design by LS3 (will require an already
planned more intense upgrade
program)

integrate 300 fb™! by 2022 (PU =
50-100)

Michele de Gruttola

Phase 2: 2024 - early 2030s
5x design lumi
integrate 3000 fb"! (PU=140) Year ending

Integrated Luminosity [fb-1]
Halving time [years)

|18
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UF

Details in Jim Olsen talk

di-photon mass Tracker, trigger, forward calo, precision timing

Lepton reco/1so Tracker, trigger, muon, calorimetry

Lepton reco/iso, MET Tracker, trigger, muon, HCAL, forward calo

Michele de Gruttola

di-tau mass, VBF tag Tracker, trigger, HCAL, forward calo

b-tagging, di-jet mass Tracker, trigger, HCAL

Upgrades will specifically address dominant systematic uncertainties impacting

Higgs precision measurements and searches for additional Higgs bosons
e U
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Explain the changes wrt ESPG UF

Numbers in brackets are % uncertainties on coupling deviations for [scenario 2, scenario 1] ' ' Uncertainty (%)
L ﬂ)l - Coupling 300 fb 1 3000 fb!
3 K K -- ‘ | Scenario 1 | Scenario 2 | Scenario 1 | Scenario 2 |
( ) y : Kb K' K1 oKk, |65 ] 51 | 54 | 15 ]
- - - 0 r \ Ky 5.7 2.7 1.5 1.0
300 [5,7] [4, 5] 6,8] | [10,13] | [14,15] | [6,8] . ' y o -
) ) _ _ ) Kb 15 6.9 11 2.7
3000 2, 5] 2, 3] 13,5] 4,7] [7,10] 2,5 K 14 8.7 8.0 3.9
< } 8.5 a.1 5.4 2.0
= ‘ .
b
2
O
)
9
)
= = K¢ uncertainty now bigger due to the change in the preliminary results for ttHbb at iCHEP (5 fb'7 TeV)
IS used for ESPG to published results (5fb*7TeV + 5fb™ 8TeV)
2 ° [1] 95% CL limit: 3.8 obs(4.9 exp) https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig12025TWiki
° [2] 95% CL limit: 5.8 obs(5.2 exp) https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig12035TWiki
-  fork closer in scenario 1: because it is still stat dominated
- the addition of ttHgg is minimal
- it will get better when we’ll add the ttH multi-lepton final states
= Kp: change in VHbb (demonstrated by running the new cards with ESPG nuisance setting )
°© more extensive use of shapes wrt to InN uncertainties: this explain why scenario 2 is
slightly worse (also considering the precision)
o reduced bkg and InN signal uncertainties in general, but higher shapes theory
uncertainties: this explain why scenario 1 is better now
= the change in Ky also explain the increase for scenario 2 for all Ks and decrease for scenario 1
o all Ki are correlated trough the total width
20
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EFT

UF

Probing loops while allowing other couplings to float assuming no invisible or undetectable widths

. Free parameters: xg, X,, Xy (= xw = xz), K(= x, = xp = ;).
9 H— yy H—Z7ZZ") |H— WW" | H—bb H— 1ttt
v 2 2 s Lok 4 4
2 «H Xg % e XV g K
O =5 % () (%) i (%)

— KZ.KS, N2 K2
© ttH — —
- Kig (Xi) K (%i)
<
— 2 2> 2 2>
= Ky Ky KV Ki

xiz (i) K (%)
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