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LHC: now through Run |

CM Energy | Peak <Npu> | Bunch spacing| Peak inst.lumi. | Cumulative int. lumi.
Run | 7-8 TeV up to 35 50 ns 7.7 x103 cm2 ! 29.5 fb-!
Runll | 13-14TeV ~40 25 ns 1.5 x 103 cm2s”! ~100 fb!
Run 1l 14 TeV ~60 25 ns ~2.0 x103* cm2s”! ~300 fb!

» Of the future accelerator options High pileup run: .
78 reconstructed vertices

under study, LHC is the only facility
currently operating and will be the
only one in the next 10 years

Image editing:A. Rao

* Run Il started, Run |l approved

This schedule below has changed recently: LS2 will start in 2019, LS3 will start in 2024
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CMS: during LS1

* New beampipe

* Pixel: repairs, pilot blades R A T

- Tracker: lower temperatures E T Mé4 vy 7 e

o . . . . o 700 eaal T I e TR\ _(2;;.)

ECAL: repairs, crystlal monitoring m-®- A

« HCAL: new photo-diodes ] ) -,
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 Muons systems: ==t W & :;;jg;
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« DT: repairs, trigger boards
« RPC.: installation of the 4th disk,

l""lll’ e L,

completion of muon coverage 2
100 -7 a
1.25<|n|<1.8 It l= :
« CSC.: prep. for new electronics e

DAQ upgrade, Improved HLT

/ This schedule below has changed recently: LS2 will start in 2019, LS3 will start in 2024
2015 2016 2017 2018 2019 2020 2021 2022 2023
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CMS: now through Run |l

CMS Simulation Vs =14 TeV, L = 2.2 x 10* cm?s™, 25 ns
T T T T T I T

WH — evbb

WH — uvbb

L1 trigger upgrade: o —
Algos approaching HLT e [R— | |
sophistication. Calo and R — e — —

H— WW — eevv

muon objects improved @~ M ——— —
resolutions, PU A e
subtraction, improved
granularity, flexibility e
HCAL upgrade: Efficiency (%)
photodetectors and

electronics, forward

THis schedule below has changed recently: LS2 will start in 2019, LS3 will start in 2024
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CMS: now through Run |

Pixel detector upgrade:
4 layers in the barrel, 3 disks in the endcaps,
better tracking efficiency, lower fake rates,

Upgrade
4 barrel layers

improved b-tagging g
N
. ] o
L1 trigger upgrade: e S
Algos approaching HLT %)
.y . Upgrade Outer rings o
sophistication. Calo and o -
muon objects improved s ;
resolutions, PU —perines ¥
subtraction, improved o
. T 50.0-cm #
granularity, flexibility
HCAL upgrade: -
photodetectors and Current -
electronics, forward e
THis schedule lfelow has changed recently: LS2 will start in 2019, LS3 will start in 2024
2015 2016 w 2017 2018 2019 2020 2021 2022 2023
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CMS: now through Run |

Pixel detector upgrade:
4 layers in the barrel, 3 disks in the endcaps,

Upgrade detector

S 9 T
better tracking efficiency, lower fake rates, 2 | o T L. ()
" " >
improved b-tagging g | g = O
:§ 0.8» 'g 0.8k ‘?‘
. s £ -
L1 trigger upgrade: ’ 't - 13
Algos approaching HLT . o | ¥
sophistication. Calo and N2 B
muon objects improved | | of ol ;
resolutions, PU Tracking and b-tagging: IS RN N U U EEEREE e
subtraction, improved New pixel at 50 PU [ | = 2eaa omen 3 [ | = seaaems: (zone ©
granularity, flexibility = o ) [ e
25 2 15 105 0 05 1 15 2 2! .%_I5I”.2“'.'1_I5I“.1“I.(I]_;',IIIQI“(I)_;“I1“I1I_5I,I“2I“"Il_s
HCAL upgrade: Current pixel at 0 PU " "
photodetectors and
electronics, forward Fake Rate= 6% (n=0) Fake Rate= 2% (n=0)

THis schedule lfelow has changed recently: LS2 will start in 2019, LS3 will start in 2024
2015 2016 V’ 2017 2018 2019 2020 2021 2022 2023
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CMS: now through Run lll

Pixel detector upgrade: ' e e
4 layers in the barrel, 3 disks in the endcaps, R CO\\\\\\
better tracking efficiency, lower fake rates,

improved b-tagging — g

HCAL - HB (\Il

L1 trigger upgrade: S
Algos approaching HLT _ ' )
SOphiStication. Calo and HCAL upgrade. 15 14 13 12 1 10 Qrasde7d6 5 4 3 2 1 <i)
muon objects improved plhotode.tectors/ NN U ;
resolutions, PU electronics MAGNET, com\\ 4
barrel/endcap ) o

subtraction, improved

granularity, flexibility depth segmentation i ——
HCAL upgrade: allows PU mitigation Bty WESSSSSSSSSset
photodetectors and )
electronics, forward 2
THis schedule lfelow has changed recently: LS2 will start in 2019, LS3 will start in 2024
2015 2016 w 2017 2018 2019 2020 2021 2022 2023
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CMS: now through Run |

Pixel detector upgrade:

4 layers in the barrel, 3 disks in the endcaps,

better tracking efficiency, lower fake rates,

improved b-tagging

L1 trigger upgrade:
Algos approaching HLT

Phase | upgrades = no
degradation of performances up to
the end of Run Il

sophistication. Calo and Hhcf‘la ltjps_t:]ra;ie: Assumption for the prospective
muon objects improved pl © to erectors studies presented thereafter
resolutions, PU electronics

barrel/endcap

subtraction, improved
granularity, flexibility
HCAL upgrade:
photodetectors and
electronics, forward

depth segmentation
allows PU mitigation

NB: In some cases, could be better

tly: LS2 will start in 2019, LS3 will start in 2024

TRHis schedule Helow has changed rec
2015 2016 2017 2018

2019 2020 2021 2022

[
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Impact of phase | upgrades: examples

1. HD>ZZ>4l = oy
» Sensitive to improved lepton tracking and 2l
isolation efficiency £ ol -
« Significant gain in signal reconstruction g — il o
efficiency (PU=50): 41% to 51% e S
o &
o
2. ZHDlIbb | | p VS .
. S"ensmve to Ieptop tracking, b-tagging and L i gy o fo‘iv@evg
dijet mass resolution g 7 ;
« Both channels with 65% gain in signal g [ T — i
efficiency (~30% b-tagging, ~20% tracking) 3 f,,/ ©
« HLT trigger efficiency not included, using 3 e 4
of the 4 hits in upgraded pixel detector

E34 cm?s? (25 ns)

could improve also trigger efficiency b @25 ns
significantly R
107601 02 03 04 05 06 07 08 09 1

b Jet Efficiency

» b-jet efficiency 1.3 x better for a 1% light flavour jet rejection, for PU = 50
» Detector much more robust to PU: upgrade at 50 PU ~ current at 0 PU

10
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Further actions for Run |l

Significant effort on algorithm improvements

with emphasis on pile-up mitigation, namely: ef“”ss‘m”"““°"’“5=mev — e
- Improvement of track reconstruction: fast, efficient Phopee”

- New tau ID o —
- Out of time PU mitigation in the calorimeters, pulse fit

to extract the in-time energy per cell ilz{ _|_

- Revisiting of Particle Flow event reconstruction 13 — |
[
e I T == =—=—
0 1 2 3 4 5 6 7 8 9
Time sample
3 muOnS TTT T[T T T T[T T T T [TTTT TTT ®10_1EMSSimUIation2012 Tau ID - ECAL
2 . © r HPS 5p 8-hit
2 1.00F 4 & [ e HPSopa-hit ~ CMS simulation, V=13 TeV PU=20/BX, 25 ns
= :—?—:_H*.‘_._'_._._._,_._,-—Q— « | —e— MVA excl. Lifetime E ) 2:_ . +
é’ 0 95.— ——___ | —e— MVA incl. Lifetime §” ' o ?(g:tle;/jgesignal ' .
= i L W 1= — In-time pulse
< 0.90 - Out-of-time pulses s
(o) C L 08— .
— C -
0.85 — B
C . 0.6_— +
0.80F i <2.4,p_>20GeV | 102 o
C —e— Run2 Reco h L C
C ] PX > 20 GeV, n | <2.3 C
0.75- [ Runt Reco - i Eficency: 21, -ijc © h:‘ < 02—
C CMS Prelimi , ‘/_=8T \Yj ] Fake-rate: QCD multi-jet Mc(15<PT<3OOOGerIat) C
070_||||||||1||||||||||r|e||inllr7a|rY|||s|||||e|||||_ *HlllHH“Hl“lHMHHHHMHHHH O—HTHHTHHTH'TTTHMHI‘uI‘.‘I...I....I..
' 5 10 15 20 25 30 35 40 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 o1 2 s 4 5 6 7 8 9
Number of vertices Efficiency Time sample

CMS-DP-2015-015 CMS-DP-2014-015 CMS CR -2014/410 1



Higgs physics at 13/14 TeV

With 4 x more luminosity at the end of Run Il and ~ 2 to 4 x cross sections

. T | Bvents 100 I e DY A
2.3 (2.6) 390k 4500k g F i fo
2.4 (2.6) 32k 370k : ' ’
2.0 (2.1) 14k . B
2.0 (2.1) 8k 90k S
3.9 (4.7) 3k 50k 11;7“'827“?— DU MSTwzoosNL?OOO

M, (GeV)
Early Run IlI: with 5 to 10 fb-' (Moriond 2016), Higgs boson rediscovery, sensitivities
comparable to Run |

- Results on ggH/VBF/VH production with H to ZZ/WW/yy/11/bb decays

- ttH combination foreseen with full 2015 dataset with a better sensitivity than for Run |

- Many searches will update with the full 2015 dataset: reaching Run | statistics with ~1 fb-! of data
at M =3 TeV, ~5 fb"! of data at M = 1 TeV (Salam & Weiler)

Up to now: Focusing on Run |l preparation, 50 ns data mostly used for object commissioning
12



Higgs physics at 13/14 TeV

With 4 x more luminosity at the end of Run Il and ~ 2 to 4 x cross sections

. | R S sy S WG
2.3 (2.6) 390k 4500k s WF g (.
2.4 (2.6) 32k 370k ;o /i
2.0 (2.1) 14k 140k E o}
2.0 (2.1) 8k 90k 5—-"’:::::_
3.9 (4.7) 3K 50k JEETIRSSREREND L Lol

M, (GeV)

Run Il (100 fb-1): complete transition from discovery to precision physics
- Precise measurements of Higgs production, couplings and mass

- Fiducial cross sections, differential cross sections

- Search for rare or exotic decay modes

- Spin-parity, possible CP violating contributions

- Search for additional Higgs bosons beyond the SM

- Probing EWK symmetry breaking: VV scattering 13
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Couplings projections: methodology

- Estimate uncertainties on signal strength, couplings, and
coupling ratios at the end of LHC phase | (Run [I+[ll)

- Extrapolate from numbers of signal and background events in
Run | analysis, scaling statistics to 300 fb-' at Vs = 14 TeV

- New channels not considered

- 2 scenarii for systematic and theoretical uncertainties:

- Scenario 1: all systematics remain the same as Run |

- Scenario 2: experimental syst. scaled by 1/\£, theory scaled by %
- Procedure assumes 2012 CMS performance

- Assumes object resolutions are maintained
- No optimizations

14
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Signal strength and couplings Z/z

/2

-
”
Measurements g(XX=>H) . BR(H=2>YY) ~ T/ ', (in “small width approx.
CMS Projection CMS Projection
T I T T T T I T T T T I T T T T I T I T T T T I T T T T I T T T T I
Expected uncertainties on F— 300f0™at Vs = 14 TeV Scenario 1 Expected uncertainties on F— 300fb™"at Vs =14 TeV Scenario 1 8
Higgs boson signal strength — 300" at {s =14 TeV Scenario 2 Higgs boson couplings — 300fb"at s =14 TeV Scenario 2 :
~
. . o
H—vy : | 6to 14% Ky ' ' 4 to 15% o
Kw i I 7]
— 1 | o)
H— Ww , | ‘ { : 8
] ] 9
H— 2z { | Kg ' ' o
Ky : | 2
H— bb 1 ] E
Kt ] ] ‘\“
H=rr i | Ky : | =
b=
| | | | | I | | | | I | | | | I | | 1 1 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 :
0.00 0.05 0.10 0.15 0.00 0.05 0.10 0.15
expected uncertainty expected uncertainty

_ _ : Coupling modifiers k2= I/(Ty)
Signal strengths p=0.BR/(0.BR)sy, det d Y Sy
ignal strengths p=0.BR/(0.BR)s), determine defined so that relevant rates scale with k2

directly fi h ducti dd h |
Irectly for €ach production ahd decay channe Determined from fit to 0.BR measurements

21 Singlet Mixing ~ 6% ~ 6% ~ 6%
2HDM ~ 1% ~10% ~ 1%
12(6) M (6) 11 (7) 14(8) 14(11 ) Decoupling MSSM  ~ —0.0013%  ~1.6% < 1.5%

Composite ~ —3% ~—B-9% ~-9%
Top Partner ~ —2% ~ =2% ~ +1%

http://arxiv.org/abs/1401.6081

Improves sensitivity with regard to Run |
by about a factor 2 to 4 (3 to 5) Most NP scenarios predict smaller deviations 1

(34}



Spin-parity with H=>Z2Z

A(H — ZZ) = Z)_l (almzzei‘e’zk -+ azf;y)f*(z)rﬂv i asf;‘;gl)f*ﬁ),yv

s p

== J
/ _
g,

N

W

RS

N—

scalar scalar

SM anomalous pseudo-scalar

- Constraint anomalous couplings from S
. . . . St m 7]
simultaneous fit to m(H) and kinematics £ | = = ] €
of the 4-leptons system S S = -
- Example: f_; effective fraction of ZZ ] 3
cross section from CP-odd contribution Lt A -
f - |613 |20'3 NS V(00 T T O T O -
a3 = = 1 &
|ﬂ1|20'] —|— |a3|20-3 1; ______ o] =

S

- Increasingly precise limits on CP-odd

contribution to Higgs boson 95% CL limit at 300fb-":
f.; <0.13 (current limit: 0.51)

16
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Rare and exotic decays

CMS Preliminary Standard Model H —up
1H9|.l|.l 8 °Fr | I
2 [ Vs = 14TeV
Exclusion can be settled with < 200 fb~! £ o ]
Evidence with ~ 450fb-! (~2.50 with 300 fb") 2t ;
2. H>2y ° 18
Loop induced, sensitive to non-SM contributions 2f- . ~
L 1 o
[ ] o
1 = =
3. Direct search for Hinvisible | S R £5
ZH Or VBF tagged 0 500 1000 . 1.500 - E’) «"
Integrated Luminosity [fb] g g
CMS Projection, ys=14 TeV .S E
— [ L L o
[ r —— L=300fb ", Scenario 1 e
z 6 ... L=300fb ', Scenario 2 i ] ..‘g-
o ' <

300fb-" |

at 14 TeV s
23% 4
41%

Invisible BR 17%
(95% limit)

.
L\, — L=3000fb ', Scenario 1,

k 17
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Probing EWK symmetry breaking:
VV scattering

Example prospective study including detector phase | upgrades at 14 TeV
2 8

WZ scattering (leptonic decays + energetic forward scattering jets)

* Double TGC, QGC, t-channel Higgs boson scattering

« Strong interference leading to finite cross section, cNLO predicted

« Scattering topology sensitive to new physics: any addition to the scattering
process would alter this cancelation =» changes in the cross section at high
scattering center of mass energy

CMS-PAS-FTR-13-006

2 goals:
» Assess the discovery potential of SM WZ scattering
« Assess the sensitivity to new physics (anomalous QGC) with effective field
theory (EFT) 18
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Probing EWK symmetry breaking:
VV scattering

CMS Projection: Vs = 14 TeV, L = 300 fb'
L L L B L BRI

CMS Projection: Vs = 14 TeV, L = 300 fb'
L I R L B LA BN

£ I = £ I '

= P wzQcp £ 120 Bvzocn

‘% Olzz -] *g 100 Olzz B

2 BwzEwk 3 WWzZEWK

5 5 80 B3+ 111 -
3 8 60 ] ©
E E ] =
£ 2w - <
] ™
20 “r
14
1000 1500 2000 2500 3000 0™ 400 600 800 1000 1200 1400 E
diJet Invariant Mass, GeV/c? WZ Transverse Mass, GeV/c2 o
Used for SM WZ scattering discovery potential Used for sensitivity to new physics E
.
EFT approach for modelling aQGCs o

« Operator: L7 = (fr1/N) T W, VAV“B]Tr[VAVM 5 Wer]
» f;, coupling constant for the new physics, /A energy scale of the new physics

Significance | 30 | 50
SM EWK scattering discovery 75 b 185 b
f.,/A* at 300 fb! 0.8 TeV+4 1.0 TeV4

19
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Conclusions

« Run II: 100fb-" with Higgs boson production cross sections x 2 to 4

=>» Run Il Higgs boson statistics equivalent to 8 to 16 times the Run | one

=> Within a year, most channels should reach or exceed Run | sensitivities

« LHC environment more challenging with higher PU

« Detector upgrades and reconstruction improvements designed to cope with this
challenging environment

= CMS performances should be maintained or even better for Run |l

* Physics at 13 TeV has already started: see Kerstin Borras'’s talk at EPS &
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PublicPlotsEPS2015

56 pb'at13 TeV
T T | T T T T | T T T T :

g 2-eoms
L|>J 181 Preliminary =
- 16;— ' ZDaia'cr _;
CMS is back 14E E |
. . 120 E Reconstruction
in business 108 of 7 — 1T
i3 13 TeV data
2t E

o

m.; [GeV] 20
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Run 251244 Event 204117665
Vs =13 TeV "

pr=63.3 GeV
n=1.2

Hq

pr=58.7 GeV

n=18
pp — 27 — 2e2p
m,,= 91.1 GeV
m,, = 88.2 GeV

m,, = 208.9 GeV

Ho
pr=36.1 GeV

n=0.98

pr= 25.5 GeV
n=0.20

Event display of a SM ZZ —2e2u candidate @ 13TeV 01



Backup
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Precision on mass in CMS

» Current CMS mass measurement largely dominated by statistics (syst x 2 in yy, syst
x 2.5 in ZZ) and slightly dominated by the diphoton channel (weights 65%, 35%)
« Statistical errors will reach current systematics with ~ 40 to 70 fb-"

T T T I T T T T I T T T T T T T T I T T T T I T T T T I T T T T I T T
ATLAS and CMS —e— Total Stat. 1 Syst.
LHC Run 1 Total  Stat. Syst.
ATLAS H—yy ——A 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 —t— 124.51+ 0.52 (£ 0.52 £ 0.04) GeV
CMS H—ZZ —4l ——— 125.59 £ 0.45 (£ 0.42 £ 0.17) GeV
ATLAS+CMS yy I-—EI—I 125.07 £0.29 (£ 0.25 £ 0.14) GeV
ATLAS+CMS 41 I'—I.E—l 125.15+£0.40 (£ 0.37 £ 0.15) GeV
ATLAS+CMS yy+4l l-?—l 125.09 +0.24 ( +0.21 £ 0.11) GeV
1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 l 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1
123 124 125 126 127 128 129
m,, [GeV]

« But: many systematics will also scale with statistics! ZZ systematics can already be
greatly reduced with Run | data.

« Other ones can also be reduced when high statistics available with the use of golden
events where syst. are under better control
24
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Couplings projections

Coupling scale factor ratios Ayy=Ky/Ky Test of universal couplings k, and k¢ to
independent of assumptions on Higgs gauge bosons and fermions (b, t, T)
boson total width ) _1 .
- 2.0 ‘19‘.7f‘b (8TeV) * 5116 (7 Te‘V)i 1.159M$ Pr?Jegtlop . 300 f'b" at ¢§|=14|Tev' ©
CMS Projecti 1.8[ CMS E -
SO 1 wop 1o 2
Expected uncertainties on 1 300 tb™at Is =14 TeV Scenario 1 4k E F g
Higgs boson couplings ratios 1 300" at s =14 TeV Scenario 2 12; /~ . ] 1.05F 20— 8
. ; ::.,:/ \\ E E 1
Kt i e ;Z_ |/ @/I i 1.005— '-g
— 41014%  oqpos | ossf 2
s : | 0.4 emal | T 3 0.0 - N
- oeop =
%oz o.o'o-"h"‘“‘“: £ ‘ | L ©
kel Xy : | 0.0 0.5 1.0 5 085 ——F(g————F g7 —
' | v Cv
KZ/Kg } i
. - Current Projection 300 fb1
000 005 010 015

Full lines: with current theory errors

expected uncertainty _
Dashed: without theory errors

* About 5% (10%) precision in Higgs couplings to
vector bosons (fermions) reachable with run 2&3,
compared to current values about 10% (25%)

* Theory improvements could reduce the
uncertainty on Ky, significantly 25



Higgs 300fb"

» Assume the same trigger and reconstruction performances as in 2012

4

Need upgraded detectors to cope with large pileup and radiation damage

Scenario 1: same systematics as in 2012

Scenario 2: theory systematics scaled by a factor Y%, other systematics scaled by 1/7/L
Scenario 3: same exp. syst. as in 2012, w/o theory uncertainty

CMS Projection

| l I 1 | I I I | I 1
Expected uncertainties on
Higgs boson signal strength p

T 1 T T 1 1 1
10fb"at §s=7and 8 TeV
300" at §5=14 TeV
300fb"at 5= 14 TeV wio theory unc.

Hoyy : :

H—ZZ |
H— WW |

——

Ho1x | .

| I

[
—
(|

10 fb-!, 7 and 8 TeV (Scenario 1)
300 fb-1, 14TeV (Scenario 1)
300 fb-1, 14TeV (Scenario 3)

With 300 fb-1the

precision on the signal
strength is expected to
be 10-15% per channel
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Searches

e AtVvs=13TeV, :

— T
searches reach Y T

Run-| sensitivity:
— with ~1 fb™? of data,
atM =3 TeV
— with ~5 fb? of data,
at M =1 TeV (most
of EXO analyses) 0

UE WEIRS ‘gD AQ YD RIIIDPIIOHUD U

1313 'Y pUe WeEs J'n Aq Yreas-ial

B W P

system mass [TeV] for 13.00 TeV, 1.00 fb'!
[\
w
T

system mass [TeV] for 13.00 TeV, 5.00 fb'1

o 05 1 15 2 25 3 35 4 o o005 1 15 2 25 3 35 4

system mass [TeV] for 8.00 TeV, 20.00 fb-l system mass [TeV] for 8.00 TeV, 20.00 fb'!

. . . 60
* Additional Higgs " hMSSM
™
bosons? %0 ST hMSSM 0
. . 20 LHC 14 TeV 0
* Exotic production 50010 S
. 11 o
(enhanced di-Higgs, ¢ ° A : e
_ . 6 mH -7V -
mono-Higgs, tH) ; =t j
. 3 —
* Exotic/rare decays? . Ehm X
2 po - AH ©
! 100 200 300 . 400 500 600 700 1000 300 400 500 600 700
M, (GeV) M, (GeV)

All searches pursued in CMS - also beyond MSSM context 27



VBF H=>1T1 with phase | upgrades

* Study in the Hjj>7,1, jj channel with PU=50
« Sensitive to MET resolution, jet p;resolution, lepton tracking and isolation
* Improved jet and MET resolution allows a 25% improvement on the 11 invariant
mass resolution
« Total efficiency improvement from upgrades: factor 2.5 (4.5% to 11%)
* Full improvement from particle flow not yet folded in
5 -Cll\/ISISimLIJIatIiorll,\(I5=I1lltTleVI e 5 _CI\{ISSIilellatilon,l\EfMITe\ll T 5 0.35 -CI\{IS SISimlIJIatilon,l\(E =.14.Te\./ — ‘ljle‘lju-
) : ] ) 0.25[ . : - ‘| .
< 0_305— —— HCAL Upgrade —E < g —— HCAL Upgrade g <C 0305_ —— HCAL Upgrade _: 2
0.25F — Standard Geometry ] 0.20 —— Standard Geometry ] C h o
L ] 0.25F [ Standard Geometry 7 (\Il
0.205— ‘ 0.15F : : g
0.15F 3 . 0.20F - a
F ] 0.10[- - — ] 8
0.10f . : 0.15F E
0.05F E 0.05¢ - : 5.
E ] 0.10F - =z
0.00 ==y 2 3 0003 £
Leading jet (pf°°-p$e”)/p$e" Second jet (pf°°-p$e”)/p$e” 0.05 3 . (I.Ij
o.oo(; : : 360

m,. [GeV] 28



H=>//=>4] with phase | upgrades

« Sensitive to improved lepton tracking and isolation efficiency
« Significant gain in signal reconstruction efficiency (PU=50 scenario): 41% to 51%

Overall Efficiency - .
Channel Phase 1 Pixels Current Pixels Efficiency gain

H— 4 (360L£02)% (256=+02)% 141

H de (187+02)% (124£01)% 151

H 221 (259£01)% (175£01)% 148
£ 18 CMS SLHC Simulation € 18 CMT SLHC Simulation | ©
8 155~ [— H>zz->4mu D 155 [—— H->Zz->de g
G sl O sl +—I—+++—I—-1- =
5 1.45/— CZ) 1.45/— g
o 14l o S w ° 14 o
& 1.35— & 1351 (\ll
T 1sl- T 1a- — (&)
2 125 2 125 L O
B T i 3
.1.1 11 =
1.05— 1.05[— —_— m
—— 1 L
0.95[— 0.95(— &)

N Im ACCeDiS k”" Y leagy 7 ( 7 Slass /eeste (7% S pr() >M(l0 AM(ZQ) /:7 ) Sy N Yo 400%;9 k”" 4’ leasr 4 1§ Z’ ass /east (*7 pr() AM(//) AM{Z?) I;w (4/) N

10 G
°‘7/ ”a'r)u' g"dlos c‘j’ QOGGGV(QQGE’V Gey 90«1/ Da/r)‘” #2900 /Ospc‘j’ 20 58eVis GevoGev
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ZH=>1Ibb with phase | upgrades

« Sensitive to lepton tracking, b-tagging and dijet mass resolution

« Both channels with 65% gain in signal efficiency (~30% from b-tagging, ~20%
from lepton tracking)

« NB: HLT trigger efficiency not included, using 3 of the 4 hits in upgraded pixel
could improve also trigger efficiency significantly

—_

CMS SLHC Simulation

| — ZHmmbb —+—

o light jet: Current Detector
« light jet: Upgrade Detector
a c-jet: Current Detector
+ c-jet: Upgrade Detector

-
o =
a N

-
o

-

\“K\\
-

w T oo,

ar O 0o

-

c/light Jet Efficiency
2
A\

Ratio Phase1/StdGeom

1.25

-
[N

E34 cm?s (25 ns) 115
1.1
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1l 111 1 111 | 11| 1(1?)1 0-95
| |
. 7 . . 1 0.9 7 .
0.6 07 08 09 ott e oty < Cang, 605
b Jet Efficiency onts Oale Mg, Cang
2'7700,7 Ss

CERN-LHCC-2012-016

|

10-4 L1l

» Db-jet efficiency 1.3 x better for a 1% light flavour jet rejection, for PU = 50

» Detector much more robust to PU: upgrade at 50 PU ~ current at 0 PU
30



CMS L1 trigger upgrade

Use HCAL/ECAL granularity,
flexibility and scalability

* Improved EM isolation using calo
energy distributions with PU
substraction

» Improved jet finding with PU
substraction

* Improved hadronic tau id

* Improved muons pt resolutions in
difficult regions

* Improved muon isolation using calo
energy distributions with PU
substraction

* Improved global L1 trigger menu
with a greater number of triggers

Efficiency (%)
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CMS L1 trigger upgrade efy

CMS Preliminary, |s =8 TeV

:5:0.05 - ECAL Barrel
© JRun 1
0.04 Upgrade
: § « Difference in pseudorapidity for L1 ey §
"E | candidates with respect to the offline 0
ool reconstructed pseudorapidity. The &
: ' distributions of the upgrade trigger (red) %.
i are compared with those of the Run-1 2
9).3 -O‘.Z‘ ‘ -6.1 ‘0 O‘.1 ‘0.}2 0.3 SyStem (bIaCk) o
An
CMS Preliminary, Vs =8 TeV
5 f 1<l <1.25 « Differences between Run-1 trigger and

©0.06 —

e e upgrade trigger

L The Run-1 trigger uses the granularity of
the Regional Calorimeter Trigger (4x4
trigger towers)
LThe upgrade trigger uses the granularity
of a trigger tower (AnxAg = 0.087x0.087)
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0.04 f—
0.03 ;
0.02 ;

0.011

oo L] i e A e e
—%.4 03 -02 -0.1 0 01 02 03 04

(EF™- EX) /BT 32

—~rr



CMS L1 trigger upgrade efy

CMS Preliminary, Vs = 8 TeV, Zero Bias, ( PU ) =45

—s— Run 1, No iso

—_

o
R
\

-------- Run 1, Iso

« Difference in pseudorapidity for L1 ey
candidates with respect to the offline
reconstructed pseudorapidity. The
distributions of the upgrade trigger (red)
are compared with those of the Run-1
system (black)

—=— Upgrade, No iso

: . ........ Upgrade, Iso

CMS-DP-2015-003

Relative rate of triggered events
=
|

“=-..| « Differences between Run-1 trigger and
& upgrade trigger
T V'jo L The Run-1 trigger uses the granularity of
95% threshold [GeV]  the Regional Calorimeter Trigger (4x4
trigger towers)

ely trti)ggeg rtates LThe upgrade trigger uses the granularity
Zero plas data. : —

rates lower for the of a trigger tower (AnxAg = 0.087x0.087)
same signal

efficiency
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CMS L1 trigger upgrade taus

* Run | algorithm:
« granularity is limited to the size of a Regional Calorimeter Trigger (RCT)
region 4x4 TT in the (n,9) plane
« tau candidates are formed from jets, a simple shape plus isolation
criteria is applied to “promote” a jet to be a tau candidate
« shape veto consists in the check of the TT pattern extension and rejects
all patterns that extend by more than 2 TT inn or ¢

CMS-DP-2015-009

« 2016 upgrade algorithm:

« has access to the single TT granularity i.e. 0.087x0.087 in the (n,®)
plane over most of the detector

* runs a dedicated algorithm for tau leptons

« refined shape veto that takes into account the full cluster shape and not
its extension only

 Isolation threshold is a function of the three variables (Et, PU, n), giving
a flat efficiency under all PU conditions, over the whole detector and
over a broad spectrum of hadronic tau energies. PU estimator = number
of TT with E; > 0 in the 8 central calo rings
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CMS L1 trigger upgrade taus

» Efficiency is computed as the
fraction of the offline tau

. =2}

candidate for a L1 energy & 1ok U'2016 ............. I - i I‘éb"i'é ......... Wi::i'éd'/ S

c T |—*— Upg no |so i—e— Upg. iso % | 1

threshold of 30 GeV CL) -0 - Upg 2016 iso + §hape veto :—0— Upg. :2016 iso WF:" 80%)| u\—’

» 30 GeV is a typical threshold value O - —%— Run I trig. emulation rescaled —e— Upg.:2016 iso WP 70%; 8,

that is applled in di-tau trigger at L1 E 1__ .......................... e ; ﬂ ® ] %

(due to rate constraints, see rate i : : - : i b

plots) - =3 ',r@'*'"{f}""'";'"i =

0.8 _ ................... ' A _1______===I_______®_.;___i_..___:_ (&)
* Inclusive distribution (barrel plus | _ f??:&|3}
endcap) is shown 0.6 T 72 — — ]

* In Run | algorithm, the A
application of shape veto and 0.4 R T ]
isolation requirements causes . 5 %

the large efficiency reduction. AN NS RN R N
It is highly inefficient under Run ' Yy threshold 30 GeV
Il collisions conditions ' Inclusive ]
0 & | L A R R
« 2016 upgrade shape veto hasn't 0 20 40 60 80 [é)gV]
a large impact on the turn-on pT

curve shape and sharpness 35



CMS pixel detector upgrade

g100 (@)
Upgrade Outer rings 2 gf ::"\\o\
i i i i 20— Upgrade § a()E \ \
[ " n=2 'jnnefﬁﬁ'g”;’ 4 barrel layers ,E:’ 70; \\ e
Current Elilii\z\i\ C3qu:rr:; layers 305 . . 2\0 P 4\0 R 6\0 L 60
« Optimized configuration for 4-hit coverage up to e | (b)
n=2.5, with 4 layers in the barrel and 3 disks in the $ | e uporado ot ot
endcaps
* New readout chip with high hit rate capability . -
» Reduced material budget, new optical links and DAQ i e
system, higher output bandwidth %/ I
» Improves tracking efficiencies, reduces fake rates
* Improves track impact parameter resolution and § e T T T receers rerem
primary vertex position resolutions and thus b-tagging gosf %41 2 G e s
capabilities B H R R

= No degradation with higher pileup, and in several °°°:
cases improvements of physics performances for § s
Run lll, for tracking and b-tagging

Ratio
-
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New reco calo

New calorimeter reconstruction to mitigate out of time PU with 25 ns bunch spacing

Run I N

- Amplitude linear combination of the 10 samples S; A= Z w; X S;
- w, calculated minimizing the variance A =1

Run II: 40 PU instead of 20, bunch spacing of 25 ns instead of 50ns

- Multi-fit algorithm: in-time signal amplitude and up to

2
. [ [ . L] [ 2 M
9 out-of-time amplitudes by minimization of the x , O <ijl Aipij — Si)
where A, are the amplitudes, p; are the pulses (all identical, X= 2 %
1= i
shifted by 25ns), og;is the noise covariance matrix.
CMS simulation, Vs=13 TeV PU=20/BX, 25 ns CMS simulation, Vs=13 TeV PU=20/BX, 25 ns
31.2_— 1y ¢ 3 85_
% [ Observed signal ' . % 7B e Observed signal R |
¢ | — Total pulse ¢ [ — Totalpulse ¢
W 1= — In-time pulse W  — Intime pulse
: Outt-of-t?meS pulses + 6:_ = I()utt-of-tliomle pulses +
o.s:— s 52— Run II — )
ol RunII ) . ~ Endcap +
L Barrel ' -
0.4:— 3:— 'y
O.Zf— 2;_ _I_
S o '
0 t
e e 37
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Photons reconstruction

Out of time PU mitigation in the calorimeters

Summing particle energy in random cones in ¢ across n

Kerstin Borras @ EPS 2015

\ AR=0.5

Indicator of the PU energy to be subtracted for a given cone

New reconstruction: bunch spacing independent

eV)
o
(0]

P> / <u> (G
© © o o o o
n w B (&) (e)] ~

o
—

=)

- CMS .
~ Preliminary 3
C x RunlReco :
— Photons M Run Il Reco
- 50 ns data :
5

/ <u> (GeV)
o o o
D ~ @

>
o
3}

<Offset P,
o @ e o9
- nN w B

O

4“» 4—

25 ns

- "'I'"'l""I""I'"'l""I""I""I"":

- CMS .
- Preliminary =

C x RunlReco I
— Photons M Run Il Reco

- 25 ns data ]
E_ x x —E

5




31 July 2015 J. Malcles, HH2015

Hadron + Strip Three Hadrons

Tau ID \ iﬁ \V

BN T 2> mnlv T2 nmny
T2 nnlv
CMS Simulation 2012
10" HPS o5 B-it « Cut-based tau ID:2011: 8 hits, 2012: 3 hits
& [ e HPSp3hit Tau isolation computed by summing momenta
T A e of particles within cone of size dR = 0.5
§ around tau direction
i Iso = 2 PThx(dZ < 2mm) + PTy + 03
O correction compensates for pile-up effects, using
102 as input charged particles associated to PU vertices:
B Py > 20 Gev, 1 <23 AB =0.4576°% PThx(dZ > 2mm)
e st mocane| © NEW taU ID: MVA based
Cbd bl oo Tau isolation + tau lifetime (transverse impact
0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8

parameter (1 prongs, 3 prongs) and reconstructed tau
vertex position (3 prongs only)

* Reduces fake rates by 40 to 50% for same efficiency
* Improves signal efficiency by ~20% for same fake rates

Efficiency
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Lepton flavor violation:
H=>uT, and H=>uT,

19.7 fb" (8 TeV) 10 19.7 o™ (8 TeV)
3 - Data 7] > L ‘ ‘ ‘ ‘ ‘ \ T T T ]
5 F gy . © [ cms I
(CD> 60— CMS ] Bkgd. uncertainty ] (O] L I:I LFV H—yx signal (B=0.84%)
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« Sensitivity an order of magnitude better than existing indirect limits

« Slight excess with a significance of 2.40, with p-value at 125 GeV: 0.010
« Best fit branching fraction: B(H — ur) = (0.84%039 , .-)%

* 95% CL limits: ATLAS:

* B(H—w1) <1.51% Best fit BR: 0.77 +/- 0.62 %
* u-T Yukawa couplings to be <3.6 x 107, Limit: 1.85 % @ 95% CL (1.24% exp.)



