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overview

* LHC time scale

* new CMS DNA: Runlvs. Runli
* Higgs after ~1/3 of the Run li

* expectations after Run i

* what comes next
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because this conference is about precision, let’s

clarify when and how much lumi. we will have
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where it all (really) happens

Run I:
* centre of mass energy: 7 & 8 TeV "“f
* delivered luminosity: 6.1 & 23.3 fb'

* instantaneous lumi: 7.67x10% slem’!
*colliding bunches: 1380 ...

* average pile-up: 20
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where it all (really) happens

Run I:
* centre of mass energy: 7 & 8 TeV "™§
* delivered luminosity: 6.1 & 23.3 fb!

* instantaneous lumi: 7.67x10% s'lcm’!
*colliding bunches: 1380  ws

* average pile-up: 20
Point 3.3

Point 5

Point 6

- " Point 4
Hum Run II:
* centre of mass energy: 13 TeV

* delivered luminosity: 37.0 fb1 (so far)

Point 3.2 * instantaneous lumi: 1.43x10%4 s'1cm-1

* colliding bunches: 2208
* average pile-up: 27 (so far)
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LHC: time scale

. LHC
Run 1 ‘ Run 2 Run 3
50 ns BX 25 ns BX
LS1 EYETS 14 TeV 14 TeV
lnlectorpu?gade Sto7 xI
li solidati cryo Poin imi - nomina
77ey 8TeV Bation colimaors DS collimation S ssnction ~HL-LHC jumInosity
0 R2E project P2-P7(11 T dip.) regions installation '
Civil Eng. P1-P5 N\

2011 2012 A K} 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

pU~20 | 'Mcrease | 5, 7| | pU~50 PU=50 oo PU ~ 140
energy —_—-. experiment
il rominal luminosity — | P se 1% | —— 1 | upgrade phase 2

Ers oo ey

EYETS: Extended Year-End Technical Stop

* experiments survived Run | and LS 1 without being damaged by their own constructors
* new data at 13 TeV start accumulating (slowly in 2015, amassing in 2016)

* we expect (hope) to get about 150 fb-1 after Run Il and 300 fb-1 after Run llI
* from mid 2026 (probably 2027) we can talk about HL-LHC data: deliver 200 to 300 fb-! a year
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integrated luminosity at 13 TeV

CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:22 to 2016-09-25 16:37 UTC
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* after a “conservative” and precocious start in 2015, LHC is
doing an amazing job in 2016

* almost every week of running brings an increase in the
iInstantaneous luminosity
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integrated luminosity at 13 TeV

CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:22 to 2016-09-25 16:37 UTC

__50 : I : 50
. e 2010, 7 TeV, 45.0 pb ! :
=) w2011, 7 TeV, 6.1 fb L
> 40 e 2012, 8 TeV, 23.3 b ' 3 {a0
a = 2015,13TeV, 4.2 ' ,°  October 25
£ 2016, 13 Tev, 3.3 ' 7
€ 30; : 130
= '
- :
T :
S 20l : {20
o
o :
0 :
= :
£ 10} : {10
- :
N ; 2"
|2 x 50
0( N o \ ) Q X S c 0
2 W g & e c o e
A BT AW AW AW YT (68T 0T N 0
Date (UTC)

* after a “conservative” and precocious start in 2015, LHC is doing an amazing job in 2016

* almost every week of running brings an increase in the instantaneous luminosity
* probably the answer to everything is indeed 42 (fb1)...
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integrated luminosity at 13 TeV

CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:22 to 2016-09-25 06:27 UTC
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* after a “conservative” and precocious start in 2015, LHC is doing an amazing job in 2016

* almost every week of running brings an increase in the instantaneous luminosity
* probably the answer to everything is indeed 42 (fb1)...
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Adrian Perieanu

integrated luminosity at 13 TeV

CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:22 to 2016-09-29 01:23 UTC

-0 ‘ ' ' . 50
T w2010, 7 TeV, 45.0 pb ' 5
g e 2011, 7 TeV, 6.1 b ' ;
2> 40 w— 2012, 8 TeV, 23.3 M ' 5 lao
g = 2015,13TeV, 4.2 October 25
= 2016, 13 TeV, 32.8 b ' :
£ 30 : 130
: 1
- :
° :
2 20 : |20
e 1
o :
0 1
= :
= 1of ! 110
© :
-+
5]
[
X ) N » % Q X 3 c 0
\ (- o) » W e C o e
Date (UTC)

* after a “conservative” and precocious start in 2015, LHC is doing an amazing job in 2016

* almost every week of running brings an increase in the instantaneous luminosity
* probably the answer to everything is indeed 42 (fb1)...
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integrated luminosity at 13 TeV

Total Integrated Luminosity (b ')

CMS Integrated Luminosity, pp, 2015, s = 13 TeV CMS Integrated Luminosity, pp, 2016, s = 13 TeV
Data included from 2015-06-03 08:41 to 2015-11-03 06:25 UTC Data included from 2016-04-22 22:48 to 2016-09-29 01:23 UTC
. . —14.5 35 ‘ r . . . 35
| BN LHC Delivered: 4.22 b ' - » ~ W LHC Delivered: 32.83 b '
' CMS Recorded: 3.81 1 ' 40 &, ' CMS Recorded: 30.23 b ' 30
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. y 50 g CMS Online Luminosity
§ on Monday we had at 28.9 b,
2.5 12.5 3 20} now we have already 30.2 fb! 120
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2.0 " 200 3 ls o 15
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* for more realistic numbers for CMS:
— wanted lumi * data taking efficiency * data quality:
150 fb-1 * 90% * 96% ~ 130 fb-1

* still, if LHC team go wild (max inst. lumi. of 1.7x103%4 s-ilcm-1 and a HUbner
factor of 90-95%) in 2018 and 2019, they might hit us even with 300 fb-"

Adrian Perieanu Precision, Quy Nhon, Vietnam, 29t September '16 13



Adrian Perieanu

Run Il

to summarise:

lumi sum lumi sum lumi sum
- planned - - delivered - - usable -

[fb-1] [fb-1] [fb-1]

29.4

24.8

130
150 and 2(7)Q0ntin (probably at
J the end)
300 to be seen to be seen

Precision, Quy Nhon, Vietham, 29t September '16
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CMS: in Runl

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter : 15.0m Pixel (100x150 um) ~16m* ~66M channels
Overall length :28.7m Microstrips (80x180 um) ~200m? ~9.6M channels
Magnetic field

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m?* ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels

N
Adrian Perieanu Precision, Quy Nhon, Vietham, 29t September '16



Adrian Perieanu

and now forget the old CMS

Precision, Quy Nhon, Vietham, 29t September '16
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CMS after EYETS, LS2 and LS3

— with new DNA —

CMS DETECTOR STEEL RETURN YOKE ker:
Total weight : 14,000 tonnes 12,500 tonnes new Tracker:
Overall diameter : 15.0m

— radiation hard, high granularity, less material budget
Overall length : 28.7 m I . .
Magnetic field  : 3.8 T include tracks in L1 trigger

— extend coverage to Inl < 4

VY i
Muon System:
Tigger & DAQ: — new DT FE electronics
— L1 rate ~750 kHz (with Tracks) — extend RPC coverage in forward region

— L1 latency 12.5 ps — extend Muon tagging
— HLT stream rate 7.5 kHz % fs

(right now at 2 kHz Tier0O guys are

calling us to slow it down :) ) FORWARD CALORIMETER

Steel + Quartz fibres ~2,000 Channels

End Cap Calorimeters:
— radiation hard,

barrel ECAL: A ‘ high granularity

— new FE electronics | \\ | -
— cool detector/APDs : '

~76,000 scintillating PBWO, crystals

Others: | .’”__\-.
e — fast timing for in-time QY
LSRRy pileup suppression

. .
Adrian Perieanu Precision, Quy Nhon, Vietham, 29t September '16 17



Adrian Perieanu

in 2017 after EYETS:

* new PIXEL detector: 4 layers (EYETS)
* new PMT readout for Forward HCAL (EYETS)

* new L1 Trigger: running Iin parallel with current system
(in place: LS1)

* new DAQ system: DAQ2 (in place: LS1)

* L1 & HLT accept already higher rates as in Run |

Precision, Quy Nhon, Vietham, 29t September '16
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Adrian Perieanu

now that we know where we are standing

with int. lumi. is time for Higgs

Precision, Quy Nhon, Vietham, 29t September '16
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Higgs boson

Adrian Perieanu

Mass m = 125.09 + 0.24 GeV
HO Signal Strengths in Different Channels

See Listings for the latest unpublished results.

Combined Final States = 1.17 + 0.17 (S = 1.2)
W W* =0.81 + 0.16

* +0.27 _
z7* = 1157320 (S =1.2)

_ +0.19
vz = 1.17_0.17

bb = 0.85+ 0.29

utuT < 7.0, CL = 95%
77 =0.79 + 0.26

Z~v < 9.5, CL = 95%
tTHO Production = 2.51“8:3

p
HO DECAY MODES Fraction (I';/T) Confidence level (MeV/c)

invisible <58 % 95% —

nowadays is easier to introduce it:
http:/pdg.Ibl.gov/2015/tables/rpp2015-sum-gauge-higgs-bosons.pdf

Precision, Quy Nhon, Vietham, 29t September '16
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Or more precise:

a historical combination

* statistic uncertainty

(ma = 125.09 + 0.21

stat.) £ 0.11(scale) -

- 0.02(other) £ 0.01(theory) Ge\f)

* energy scale and resolution

(my =125.09 +£0.24 GeV )

I I I I I I I I I | I I I I I I I I | I I I I | I I I I | I I I I I I I
ATLAS and CMS —e—i Total Stat. 1 Syst.
LHC Run 1 Total  Stat. Syst.

ATLAS H—yy p————4 126.02 =+ 0.51 (= 0.43 = 0.27) GeV
CMS H—yy ——— 124.70 + 0.34 (= 0.31+ 0.15) GeV
ATLAS H—ZZ -4l - 124,51+ 0.52 ( = 0.52 = 0.04) GeV
CMS H—ZZ —4i ——— 125.59 + 0.45 ( = 0.42 + 0.17) GeV
ATLAS+CMS yy = 125.07 = 0.29 ( = 0.25 = 0.14) GeV
ATLAS+CMS 41 ——— 125.15 + 0.40 ( = 0.37 = 0.15) GeV
ATLAS+CMS yy+4l I@i 125.09 = 0.24 ( = 0.21 + 0.11) GeV
| | | | I | | | | | | | | | | | | | | | | | | | | | | | | | | | | | I | |
123 124 125 126 127 128 129
m,, [GeV]

Adrian Perieanu

* overall: 0.19% precision

Precision, Quy Nhon, Vietham, 29t September '16
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Higgs decay signal strengths:

combination
ATLAS and CMS @ ATLAS+CMS
LHC Run 1 - ATLAS
-+ CMS
B ' -0
Y ——— — 26
—
>
__.*__
e
———
uTT _i+_
_.*:_
The s
lllllllllllllllllllilllllllllllllllllllllllllllll

-1 -0.5 0 0.5 1 15 2 25 3 35 4
Parameter value

* we should definitely do this again after the Run2

Adrian Perieanu Precision, Quy Nhon, Vietham, 29t September '16



Higgs production at LHC

llllllllllll]]]l]]]ll]]]]]l]]I]I]]]] ]]]]I]l]ll]
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ggH (87.4%)
Gluon fusion

VBF (7.1%)
Vector boson fusion
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6 7 8 9 10 11 12 13 1
a nice overview from
Run | Run Il Florencia Canelli

* we need to measure: VBF, VH, and ttH - production cross-sections

Adrian Perieanu Precision, Quy Nhon, Vietham, 29t September '16
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Higgs decays

— overview —

t —l I I l I I I I " ] ] l ] L] 1 I I 1 1 l I I l__:e
Q 1; WW s
5 » Je
" i
P10 2z 3 * look at rare decays:
+ - - pp and Zy
% - CC 7
o . i
S107E E
L - ]
i - . * check for exotic decays
P 5 .
1073k v like LFV: pz, et, ep
10-4 R Y /TR I E PR N N T L1
80 100 120 140 160 180 200
M, [GeV]
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what do we know from CMS in Run | ?

 Significance (my = 125.0 GeV)

Expocted post

* combined signal strength: p=1.00 + 0.14

H—ZZ tagged 6.30 650 1 1
19.7tb (8 TeV)+ 5.1 fb (7 TeV
H—yy tagged 530 560 (8 TeV) + 125(G 5 )
: m, = e
H—WW tagged 540 470 A 005014 CMS "
H—TT tagged 390 380 Pou = 096 2rXiv:1412.5662
H — yy tagged
H—bb tagged 260 200 u=1.12+0.24
H—pp tagged <010 040
H — ZZ tagged
u=1.00%0.29
— H— WW tagged
( sensitivity c?(mes from- ) 1 =083+ 021
H — tt tagged
p— )4 u=0.91+0.28
1-1- ) H — bb tagged
- u=0.84+0.44
p p 1 1 1 1 l 1 1 1 1 l 1 1 1 1
0 0.5 1 1.5 2
X g Best fit /o,

\_  gluon-gluon fusion Vector Boson fusion Y

Adrian Perieanu Precision, Quy Nhon, Vietham, 29t September '16



what do we know from CMS in Run |I,

so far?

CMS HIG-16-020

CMS Preiiminary 12.9fb" (13 TeV)

> a3 T I I T ] T I T =
CMS HIG-16-033 3 5000 - Hoyy A Alcamsaories E
CMS Preliminary 12.9 b (13 TeV) ~ [ My=126.0 GeV, u=0.95 S/(S+B) weighted )
%’ 45 :-_ T T I T T T Y T T T = ‘g 4000 \ ‘ Data _-:
G F o Data = e I — S+B it u
< 40F E Ha125) e S B component
0 = [ ] qq—-ZZ, Zy . D - B 1o ]
g - [ Z+X - ‘© 2000~ d
w30 = = L ]
25[ = Q 1000 -
; : b -
= - -~ - =
20 :—— .__‘ U) o '-1 T BTSN IS IR AR AT AN AT AN AT T AT RN AN TN AT SN ST SN SRR A A A
15 E— = 200 " B component subtracted
10[- = 100 ‘
m . E“ f I A V' LINSC VI SASEL XS 0% % Yy
- - : \ A :
5 — * ) ¢ ¢
i ully L | - -100
0‘ £} Ll i‘......‘.-A - ' . - A " 1 1 A M 1
80 100 200 300 400 500 600 800 100 110 120 130 140 150 160 170 180
m,, (GeV)

m,, (GeV)

Higgs is still there! < .\-'!
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where we can go: h > Z2Z*

* fiducial cross-section:

Ofid=2.29%0-74 g g4(stat)+0-30_g o3(syst)+0-01 o os(model dep.) fb CMS Preliminary 12.9 fb" (13 TeV)
SM._ Fll!llll]‘lllIllllll]l‘lllIYI]I"]IIIIIII-'
*0 _fld_2.53 + 0.1 3 fb . . %‘ 1 3 { Data (stat@sys. unc.) gg—H (POWHEG+JHUGen) »)(Hg
with 30 _fb-1 we can reduce uncertainties by ~1/3, O, JRR— - — -
scaled with VL £ | Ew-wrowom -
511" (7 Tev), 19.7 b (8 Tev), 129 fb" (13 TeV) -+ ’ :
3 5 _l LI l L | LI I LI l LI | LI | LI L l L I L '-‘ Q-'— s A A iy )
= i CMS Preliminary - T 10%F | 3
bg ) 5 }  Data (st ®sys.unc) E ° s i
- s GSyslemalic uncertainty . '8 102 _ — 1 )
: de depcnmnce : o E AL 4 i 4.1 1 l 2.1 1 l 'l .l l l l 4 L l 4 ' l l l 15
3 [~ #5858 Standard model (m, = 125 GeV, N°LO gg-> H) . “§ ? — :
i ] g 13 l ‘ v l
[~ < \}\g> . ' 4 ' 1
- ?‘@3&' - - B: [ '
2__ \<&:,\>M ol g o S ACECEOM OO TR MO i
. @’@3‘ - . 0 20 40 60 80 100 120 1 160 180 200
; %@ff : P, ( ) [GeV]
Uy pp — (H > 4l) + X
0 ! ] * differential cross-sections: do/dpr
|_ll L l 1 1 4 ] l 11 41 4 l 10 4 1 l L1 4 | l L4 1 I L4 1 ) I L4 4 | l 1 l—
7 8 9 10 11 12 13 14

Adrian Perieanu

/s (TeV)

Precision, Quy Nhon, Vietham, 29t September '16
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2D likelihood scan assuming mn:
* HggH, ttH = 1.00+0-39 3 35

* MvBFVH = 0.91+1-56 g g4

CMS Prelimi nary 1291b" (13 TeV)
T Sy e | 22 -
> - |
= 6: : I om =099
- — 68% C.L. ]
5 1.61
E ---- 95% C.L. i l'1\13;: 067—067 9
S + best fit ]
: ¢ sm ;
41 - 6.36
u i l'1\/Hm 1'84—1:84 -
3 -
2_ +13.07
B - l.ln.H— 84141 -
1 = S T U T T P N T P
. E 0246810121416182022
0’_ 1 1 i | l ! 1 1 !
0 3 4 =
ggH.ttH

Adrian Perieanu Precision, Quy Nhon, Vietnam, 29t September '16 28



CMS Projection

where we can go: h > ZZ*

* Scenario 1: same systematics as in Run |

| | ] | | 1 | I I | | | I | |
Expected uncertainties on F— 300fb"at fs =14 TeV Scenario 1
Higgs boson signal strength F— 300fb"at fs =14 TeV Scenario 2
* Scenario 2: systematics from
H l , theory scaled by a factor 1/2 and the
— ' ' rest of systematics scaled by 1/vL
H—- WW } !
7% 1% CMS HIG-16-033
H—- ZZ } : : :
~ 30 fb-1 129 fb' @ 13 TeV
H— bb | |
Ho1t1 } |
| | l | | 1 | I | | 1 | | 1 | | l | | | | I | 1 1 1 I
0.00 0.05 0.10 0.15 0.20 0.25 0.30
expected uncertainty (measured)

Adrian Perieanu
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where we can go: h > yy

* fiducial cross-section:
Ofid=69+12.5(stat)+8_s(syst) fb

oSM;4=73.8 + 3.8 fb
* with 30 fb-1 we can reduce uncertainties by ~1/3,
scaled with VL

197fb (8TeV)+129fb (13TeV)
| DR DL AL L L IR LA LA

o) L
= - CMS Preiiminary
g -
o 90
L Hovyy
80~ ¢ Data(vestitm)
- = Sysl. uncertainty
70'_ 88 SM (m,=125.09 GeV)
- - norm. LHC Higgs XSWG YR4
- - @CC. AMC@NLO
60— -
S0 ~ 30 fb]
401 -
30 -
20!lllllllllllllIllllllllllllIlIllIlllIl!T

7 8 9 10 11 12 13 14
\s (TeV)

Adrian Pericaiu

uVBF,VH
S

3.5

1.5

0.5

CMS Preliminary

nts / GeV
¢

§

§ 8 §
L AR |

S/(S+B) Weighted Evel

60170
m,, (GeV)

12.9fb"' (13 TeV)

IIFI][IFII]III[ITIIIIITIIIIFIIIIFIIIIIUIIIYT

my, Profiled

LA

-IIHII!'lllllll'I'llI]Illl'lIIIIIIIIYIIIIIIUIV.
), ™,

. -1

llllllllllllllllllllllllllllllllllllllllllll

% Best Fit
¢ SM

= 26

Illlllllllllllllllllllllllllllllllllllllllll

Llll

0.5 0 05

1 1.5 2 25 3
1

ggH,ttH

2D likelihood scan profiling mn:

* LVBF,VH =

riecisiun, wuy non, Vietnam, 29t September 16

* MggH, ttH = 0.80+0-14 ¢ g

1.59+0.73 g 45
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Adrian Perieanu

CMS Freliminary 129" (13TeV)
T
Hoyy == Combined + 1o

—i— Per category = 1o
- .- l'l=l'l 7
SM
1} 0.77 ) 021
ook Heombined = 0-99 18
B m,, Profiled |
+09 —
Hyge | 1-61 %5 pVH-1
M 1.91°"7 - |
1 L 1 l 1 1 I 1 1 1 | 1 1 1 I L 1 1 ' 1
-2 0 2 4 b 8

=

Precision, Quy Nhon, Vietnam, 29t September '16 31



where we can go: h > yy

* Scenario 1: same systematics as in Run |

CMS Projection

| | l | | | | ] | | 1 | I I | | | I | |
Expected uncertainties on F— 300fb"at fs =14 TeV Scenario 1
Higgs boson signal strength F— 300fb"at fs =14 TeV Scenario 2
6% 12% CMS HIG-16-020
Hovy % : : !
~ 30 fb-! 129 fb' @ 13 TeV
H—-> WW } l
7% 1% CMS HIG-16-033
H—- ZZ | | | :
~ 30 fb-! 129 fb' @ 13 TeV
H— bb l l
* Scenario 2: systematics from
Ho 11 : = theory scaled by a factor 1/2 and the
rest of systematics scaled by 1//L
| | | | | | l | | 1 | I | | 1 | | 1 | | l | | | | I | 1 1 1 I
0.00 0.05 0.10 0.15 0.20 0.25 0.30
expected uncertainty (measured)
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where we can go: couplings

reduced coupling parameters

L(fb )| «x, K K7 Ko Kp K Kt KZ- Ky BRgu
300 [5 7] | [4,6] | [4,6] | [6,8] | [10,13] | [14,15] | [6, 8] | [41,41] | [23, 23] | [14, 18]
CMS Projection

] | ] I |l ] |l ] I ] I 1 I 1 I Ll ] ] | I
Expected uncertainties on F— 300" at fs =14 TeV Scenario 1
Higgs boson couplings F— 300" at (5= 14 TeV Scenario 2
Ky t i

Ky : :
K : 1

Kq % 4

Ky : |
K —
K: | |

1 1 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1

0.00 0.05 0.10 0.15

expected uncertainty
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where we can go: couplings

* for 300 fb-1 experimental systematics as in
* from Run | we know: Run I, w/o theory uncertainty (scenario3):
— o(Cy ) = 3-6%

5 0 19.71b" (8 TeV) + 5.1 b1 (7 TeV) — 0(C;) = 5-10%
g [ 1 | 1 1 T i T T T [ T i | :
. - CMS - .
-Ot CMS Projection 300 fb' at {s = 14 TeV
: h w— 1.15 T T I T T | T ' T T | T '
1.6 i O - — 16 scenario 1
: : - ---16 scenario 3
1 -4:' e . E 1.10 25 scenario 1
1.2 7N ."-,' = E---Zc scenario 3/ & T
- Fd | . 1.05
0.8 A/ 1.00(
0.6l | # Observed \\ ,/ ] -
- | —68% CL Hransa” . 0.95F .
0.4 |---95% CL . S D N
- |---99.7% CL : - .
0.2? & SM Higgs = 090 N\ e
0 O— ] ] ] 1 J ! 1 1 ! | ! -' :
’ I R S S R S S N
0.0 0.5 1.0 K‘:/.S 0.85 0.9 10 11

Cv

Adrian Perieanu Precision, Quy Nhon, Vietham, 29t September '16 34



where we can go: couplings

— let’s make an overlay exercise —

19.7fb (8 TeV) + 5.1 fb' (7 TeV)
| ] I | | | 1 | I | |

2.0————
vy - ,
;g CMS -
1.6 E
. _:
1.25— P - \\ _
1.0 i I E
; i :
0.8__ ] , //.f" N
0.6 | ¥ Observed \\_ // E
E —68% CL Ry :
0.41 |---95% CL E
- |-+-99.7% CL .
0'2:_ { SM Higgs —
0.0_ R T S S NN SR T T A NN S S S
0.0 0.5 10 e
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where we can go: couplings

et’s make an overlay exercise —

>y 2.0
1.8

1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2

lllll]llIIIIIIIIIllIlllIlllIlllllllIlll

19.7fb (8 TeV) + 5.1 fb' (7 TeV)
| ] I | | | I 1 | I |

% Observed
— 68°/o CL
---95% CL
----99.7% CL
{ SM Higgs

IllIIlllIlllIlllllllIllllllllllllllllll

0.0
0.0
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let’s not forget about rare decays
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Higgs rare decays

— dimuon decay —

CMS Preliminary Combination
_ 5 = | 1 1 1 I 1 1 | I ] 1 1 1 I | L
= EVs=14TeV :
T 45F -
L - -
s 4fF -
wn - -
© - -
© 3.5 -
c - -
S 3F- -
£ s E & .
i before LS2 :
@) 2 - = .
S :
S 15 U -
1F -
05E I Iu:ki’ ", to exclude or E
- : vnolt to exclude :
0 - 1 1 1 1 1 1 1 1 1 1 1 L

0 100 200 300
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Integrated Luminosity [fb™]

Expected Significance

CMS Preliminary Standard Modesl H—uu
. o o ””f';':IMTeV
6
5

observation: after LS3
(during HL-LHC)

evidence: before LS
2 (with some chance)

10° 10°
Integrated Luminosity [fo™]

* SM sensitivity should be reached before LS2

* observation (> 50) expected with HL-LHC
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Higgs rare decays

— invisible —

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

* 0 - _I 10_ I I I [ I I I | I I I [ I I I [ I I ]
direct access: VBF and ZH production = 9;_ CMS — Observed E

< - K, Ky, Ky=T1, .

* indirect access: combined coupling fit o 8 KbYK gKt VBR Bxp.for SMH |-

' - L inv ]

7c | E

6:— what we B

C reached so farin 7

. . — Run | ]

95% CL Z h (inv.) Z h (inv.) o :
upper limit  after 300 fb-1  after 3000 fb' S =
&3 , E

Scenario 1 o E
Scenario 2 1
Ok R N R R R N R R .

0 . 0.6 0.8 1

BI:{inv

* together with the VBF channel, the ZH(inv) can help us to
constrain even more the BSM physics

* additional input will be coming from the mono jet and mono
photon searches
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conclusions & outlook

* LHC is doing an amazing job this year

* CMS is keeping the pace with data taking and the Higgs
analyses

* next winter we will have analysed the 2015/2016 data and
better projections based on 30 (42) fb-1

* Run Il is not the end of the story - the big game will be HL-LHC
* we will have a new CMS detector: improved/new analyses

* many studies are now trying to understand how to improve
sensitivity with HL-LHC data set
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maybe we are already In the future...
we just do not know it, yet
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