Compact Muon Solenoid
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Physics
*Standard Model
*MSSM Higgs motivation
*Signature

Experiment
*arge Hadron Collider
*Compact Muon Solenoid

Analysis
*Backgrounds
*Expected Limit
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Compact Muon Solenoid

Standard Model Particles
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Standard Model Bosons

Gauge Bosons
*Force carriers
*Gluon (g): Strong Force

*Photon (y): Electromagnetic Force
*W+/- Z9: Weak Force

L. Dodd, U. Wisconsin 12/2/14 Preliminary Exam 4



Standard Model Higgs

Higgs Mechanism

*Without the Higgs mechanism all the gauge bosons are
massless in the Standard Model

*Spontaneous symmetry breaking gives mass to W+/-, Z0°

*Massive Higgs boson

Higgs boson

°In 2012 CMS and ATLAS announced the discovery of a
particle at 125 GeV that is consistent with the SM Higgs

L. Dodd, U. Wisconsin 12/2/14 Preliminary Exam
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| 8 TeV SM Higgs Production (pp)

Gluon Fusion ~19.3 pb t
t = =]
L
Vector boson fusion (VBF) ~1.58 pb
q > >
V
----|h
Wh, Zh associated production q - L "

Wh: ~0.7 pb

q [h
Zh: ~0.4 pb \M
g W.Z

bbh, tth associated production

g b ] b
tth: ~0.13pb t : >m< .
bbh: ~0.2 pb g : q :
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Compact Muon Solenoid

SM Higgs Decays

At M, =125 GeV: Main SM decay modes
* bb

* largest branching ratio, but large QCD background Decay channel

Branching ratio

2.28 x 1073
2.64 x 1072
2.15 x 1071
6.32 x10—2
BT 102
1.54 x 1073
2,19 510"

* test Higgs coupling to quarks
g9 pling 10 g N |— vy

* WW

* final state Ivlv make it difficult analysis ni— VA
[ ] -l—r + .

o hi— WTW

* large branching ratio

* test Higgs coupling to fermions hil— 7-+7-—
* g9 =

* very very small S/B! N|— bb
" 4L N|\— Zvy

* small branching ratio but high S/B

* very good resolution h|— ,u,+/f
*yy

* small branching ratio

* very good resolution
L. Dodd, U. Wisconsin 12/2/14
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Supersymmetry (SUSY)

SM problem
*Correction to the higgs mass is 22
quadratically divergent _ T A2
8z? "

*Excessive fine-tuning required to f
make the Higgs 125 GeV mass hoo o ) n
much lower than the Planck mass

SUSY

*Particles have a superpartner
whose spin differs by half-integer
spin

*Must be a broken symmetry

L. Dodd, U. Wisconsin 12/2/14 Preliminary Exam 8



SUSY/MSSM

Minimal Supersymmetric - A, A2
fooa +——=Ay,
Standard Model (MSSM) e . 167
*All SM particles have a ’ | can cance

superpartner

*Two Higgs doublets

*2 vacuum expectation
values (v.e.v.)

Higgs self-energy
corrections are )
quadratically divergent. ANy Azzjv

*Superpartner loop can
cancel the divergent loop

L. Dodd, U. Wisconsin 12/2/14 Preliminary Exam 9



MSSM Higgs Sector

Take discovered Higgs boson
M, =125 GeV as the MSSM h

5 Higgs
*h, H, A, H*"
Two main parameters

*tanP=ratio of the two v.e.v.’s oo o PP SOrls=TTEV
*Two higgs doublets A o e
*M,, mass of the pseudoscalar A - ,'.K Vz‘
T e \ MO
. i ' \_\ \~,\\ \\

Heavy Higgs, H 2\ [z i A\‘ : :
*Heavier than SM-like 125 GeV i ey, S .
higgs h. 7 o e i

. “"""}A o s |

*Gluon-Gluon Fusion { A\ N
*For tanp=2 gg->H(300): 1.55 pb 10500 250 300 350 400 450 500

MSSMH M, (GeV)
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M,-tan limits had been computed by
LIfP and TeVatron

CMS contributed to these limits in 2012

* h,H,A->TT search

* With and without associated b-jet
production

* Extended search to higher masses up to

M,=1000 GeV

Low tanp regime still needs to be
explored, to further narrow M,-tanf3
possibilities

g b
Q0000000 p——

| hnHA
g | b
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Previous Results MSSM Higgs

60

50

40

30

20

10

CMS hH,A-c 19.7 b (8 TeV) + 4.9 fb™ (7 TeV)
| | | | L | | | 1

] I ] I ] ] 1 I I ] LI
Q

CL(MSSM,SM)<0.05:

—— Observed

----- Expected

™

+ 16 Expected

+ 26 Expected

7 mpPSM#£ 12543 GeV

1IIIIIIIIIIIIIIIIIIIIIIIII

MSSM m;** scenario 1

:_d I [} [ ] [ ] I/ [} [ ] [ ] r 1 [} [ ] ( [ ] [ ] [ ] =
200 400 600 800 1000
m, [GeV]
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Physics Signature

Interpret SM-like Higgs as light MSSM
Higgs, h(125).

Examine heavy higgs mass range
M, ,=260-350 GeV

* 260 GeV: allow two 125 GeV SM-like

higgs
* 350 GeV: top-quark decay dominates

Search for signature H->hh
* 2 b-quarks
* 2 taus h1

recoil

L. Dodd, U. Wisconsin  12/2/14 Preliminary Exam 12



Physics Signature: Jets

Quarks are detected as hadronic particle 2
showers

* Confinement prevents single quark detectior
* Hadronic showers

* Several models /

e (Called Jets

* Jets originating from heavier flavored/longer \ "~
lived particles can be identified

* Jets from B hadrons can be identified as b-jets

i 2l

L. Dodd, U. Wisconsin  12/2/14 Preliminary Exam 13



Leptonic tau decay

*Denoted 1, 7,

* Search for 1 lepton

for plot labels

leptonic

S
C

SN2
~

* 2 Channels: Electron/Muon

* ~18% BR each
Hadronic tau decay

* Denoted 1, for plot labels

hadronic

* Search for 1 reconstructed tau
decay to hadrons (t,)

* 64% Branching Ratio

L. Dodd, U. Wisconsin 12/2/14

Physics Signature: Taus

T — eVe Uy, 17.8 %

T — pvy, Vs 17.4 %

T — TV, 11.1 %

T = T, 25.4 %

T — %7 *u, 9.19 %

7 — 00707 EL, 1.08 %

T = TErETy, 8.98 %

r = ontrtaty, 4.30 %

7 = 07 rtnty, 0.50 %
7 = 10070 Tt nty, 0.11 %
T KX, 3.74 %

T = (M) == rE s nTy, 0.10 %
others 0.03 %

Preliminary Exam




*Called TTBar

*Largest background

Electroweak Processes
*W+dets

Drell Yan

*Treated separately from
electroweak

Q
+

*/ decay to tau pairs e

*Z decay to fake tau pairs Zly e

L. Dodd, U. Wisconsin 12/2/14 Preliminary Exam 15



Large Hadron Collider (LHC)

Proton-proton collider
*27 km ring near Geneva,

Switzerland
*~100-150 m underground

*Several detectorson LHC B &% -
*ATLAS, CMS e e e

%Pointz
* General purpose hermetic e
detectors

* Alice, LHCDb

* Heavy lon, b-physics
respectively

* Design Center of Mass
energy 14 TeV

* Before 2015: 7-8 TeV

L. Dodd, U. Wisconsin  12/2/14 Preliminary Exam 16



Compact Muon Solenoid

Large Hadron Collider

2010-2012 Energy per Beam

Acceleration process

. Linac 2 50 MeV
° Start Wlth hyd rogen gaS Proton Synchrotron 1.4 GeV
. . . Booster '
Accelerate in successive steps BTSBRISURER o e Gov
| HC 8T su percond ucti ng Super Proton Synchrotron 450 GeV
m ag N etS Large Hadron Collider Upto 4 TeV

. lons B Protons ' Antiprotons

Sources &
LINACS

L. Dodd, U. Wisconsin 12/2/14 Preliminary Exam 17



Beam & Luminosity

2011 2012 2015 Design.
Beam
Energy 3.5 4 6.5 7
[TeV]
Bunch
Spacing 50 50 25 (50) 25
[ns]
FEEUER 1 45x10" | 1.48x10™ | ~1.5x10" | <1.3x10"
Bunch
S 4380 ~1380 ~2800 ~2800
Beam
Pileup PU 40
(Max) AL £ (average) <L
Peak Inst. L BENA'& [1i& 7.7 x 1033 1.4x1034 1034
L. Dodd, U. Wisconsin 12/2/14

Cross section

*Effective area, probability of
Interaction

Luminosity, L

*Relationship between rate and
Ccross section

Maximize Luminosity

*Increase particle density of the
two proton bunches colliding

*|ncrease protons per bunch

* Decrease cross sectional area of
bunch

* Collide more bunches

Preliminary Exam 18



2012 Higgs
Announcement

*Discovery made on about
10.4 fbT

*On 7 TeV and partial 8
TeV dataset.

*~.16 additional fb’
recorded since then

Analyzing the 8 TeV
dataset

*19.79 fb ' recorded

L. Dodd, U. Wisconsin 12/2/14

8 TeV Data

CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC

R
(%

: w2010, 7 TeV, 44,2 ph
w2011, 7 TeV, 6.1 1 '
w— 2012,8 TeV,23.3 M '

B
[=

2012 Higgs
announcement

=
wn

10

Total Integrated Luminosity (b ')

/ -
————

- .
Nl 1"“# T g L Jolt o Rl S ad
Date (UTC)
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CMS: Overview i
Weight: 12,500 T

SUPERCONDUCTING CALORIMETERS e 180 i

COIL EEAL HCAL  Length: 21.5m
s Scintillating

PbWO4 crystals

Plastic scintillator/brass
sandwich

IRON YOKE

Forward HCAL

TRACKER \\\
Silicon Microstrips y
Pixels

<3

% MUON
MUON BARRE ENDEAES
Drift Tube Resistive Plate Cathode Strip Chambers (csc)

Chambers (DT) Chambers (RPC) Resistive Plate Chambers (RPC )
L. Dodd, U. Wisconsin 12/2/14 Preliminary Exam



Key:

Muon
Electron

Calorimeters inside
m ag n e t - E:gtt;anl Hadron (e.g.NeuTiii) \

Hermetic design

Geometry
*Pseudorapidity, n

£ f
T / M
sos G
\\ / ,‘. P < 7]
/ = 8
L
e e
: Electromagnetic
alorimeter
HHHHHH uperconductin
Calorimeter
— .
Transverse slice
2 throu
L]
L]

6=90° /TFD'BE Z

0=45°

Z,E.:mwnﬂ-“
A=Q* ,,.n:ﬂﬂ
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n=0
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Solenoid and P+ Measurement

Solenoid is a fundamental Pt measurement
part of CMS design . Sagitta

*P- measurement of charged
particles in Tracker and in
Muon system.

°*~4 T inside, ~2 T in return yoke

B = ugnl 0.3L*B
for high Pt1: Pr ~ —
6.3m diameter 9N T T 88
12.5m length

Cooled to 4.7K
Largest Ever

L. Dodd, U. Wisconsin  12/2/14 Preliminary Exam 22



Compact Muon Solenoid

Silicon Tracker

Charged particle momentum
measurement, “track” charged
particles and secondary vertex
identification.

* Tracker highly dependent on magnetic
field

* Cold: Below -10C

3 | 0.1 03 05 07 09 1.3 1.5
Silicon Pixel Detector : |n|<2.5 - & / / / '_,.-'" e
* Radius 4.3-11 cm with two endcap 12 Barrel : Em:l I:Em : i L 1.7
layers - SN - :
1000 g 1.9
* Long lived particle identification j : "
o $IM) L e 2.1
* ~66 million pixels, 100 pm x 150 pm g 2.3
ays . m. : -—-'-—-F zl-
Silicon Strip Tracker: |n|<2.5 | e D
M - TR
* P measurement :
. . . . E 200
* Silicon Strips outside of Pixel c o el A T
* Much larger than pixel detector . '|]rp1';<Ilr TXET 3T uun ¥ mm g [ﬁ.ﬂﬂgi_‘“}ﬂ -: Idgnlzsnn
,mMm

* Size varies on placement in Tracker.

5
* ~10 million silicon strips 0Pt ( 15 ) 0.5
TeV %) ©0.5%

L. Dodd, U. Wisconsin  12/2/14 Preliminary Exam 23



Electromagnetic Calorimeter

Electromagnetic Calo. (ECAL)
measures electromagnetically
Interacting particle energies

PbWO, Crystal Calorimeter
*~26 Radiation lengths deep
*Barrel and endcap measure out to |n|<3.

*Barrel (EB): |n| < 1.48
*61,200 crystals in the barrel %’; A
* Crystal measures 2.2cm x 2.2cm x 23cm

PbWO4 QUALITIES
*Endcap (EE): 1.48<|n| <3 Density: 8.28 g cmA-3
* 7,324 crystals in each endcap Xo: .85 cm, Rm: 2.19 cm
A: 19.5 cm

*Resolution

Stochastic Noise Intrinsic

o, | 28% 0.128

S ®|0.3% _

L. Dodd, U. Wisconsin  12/2/14 E- |WE (GeV)| |E (GeV) Preliminary Exam 24




Compact Muon Solenoid

Hadronic Calorimeter denoted (HCAL)
measures charged and neutral hadron
energies

* Hermetic and dense, for good MET

. HCAL Forward
measurement

(HF)
* Hermetic to |n|<5
* Brass/Plastic Scintillator
* Sampling fraction: ~7%
HCAL Barrel |n|<1.3 2
o\ _(115%
) [
* Resolution 9

HCAL EndCap
(HE)

S —

)2 +(5.5%)

280% \’
JE

+(11%) Brass Properties

* Resolution
HCAL Endcap 1.3< |n|<3 2
2]
HCAL Forward 3<|n|<5
* Steel absorbers and quartz fibers

* Radiation-hard components

Tower size: An x A@=0.087 x

0.087

L. Dodd, U. Wisconsin 12/2/14

density: 8.53 g cmA-3
radiation length: 1.49 cm
Interaction length: 16.42 cm
Non-ferromagnetic

Preliminary Exam 25



Compact Muon Solenoid

Muon System

Cathode Strip Chamber | Drift Tubes
aEmEENN T
T EE 8 wires —————— . [ 5oz b
BEfES [ 2e=/ T e
‘LR o [/—e1 [
SR (Tl 4
@ o 1! 3->-
—l e RRANE | Meantimer -1 T2
coad ——F—— TP strips recognizes  1--IIIII]
v v v = tracks and form vector/quartet
— Comparators
[ © give 0.5 strip
ve D Resistive Parallel
Plate Chambers
i::iiz::i::
lron Yoke S
AN
e

Muon Goals: Identification, P measurement,
triggering
Return Yoke, ~2T field
Drift Tubes(DT):
* O<|n|k1.2
Resistive Plate Chambers (RPC):
* O<|n|<2.4
* Fast output used for triggering

L. Dodd, U. Wisconsin 12/2/14

In forward region Cathode Strip

Chambers(CSCQC):

* 0.9¢|n[<2.4

Preliminary Exam

26




Level-1 Trigger

Reduce 40 MHz collision rate to 100 kHz L1 output rate

* ~4 us latency

/

Level-1 (L1) Calorimeter Trigger outputs leading candidates
from reduced ECAL and HCAL(incl. HF) information

* Jets

* Electrons/y, isolated and non-isolated
* ET, HT, MET

L1 Muon Trigger outputs 4 leading muon candidates from Muon
system.

40 MHz Pipeline

e Nttt — i — o,
-
[ HF ] HCAL [ ECAL ]||[ RPC ] DT CSC
¥ I ¥ i
Regional | Segment | Segment |
Cal. Trig. w I Finder Finder
I |
" Global | | RRmtem | (TFradk ) [ Track )
Cal. Trig | _ Finder | Finder

Global |
Trigger

N
Global |
Muon

L. Dodd, U. Wisconsin 12/2/14 l To High Level Trigger

14 TeV Example

region
of
interest

5 LHC vs=14TeV L=10"cm’'s’ Ewvent Rate

Barn
. =1CHzyp.
inedashc

mb

MHz

L1 Output

o

jZ;th

ni
| Hz

mHz

fo
pHz
N5
U LR o R
jet E or particle mass (GeaV) <
Preliminary Exam 27



Compact Muon Solenoid

un/Event: 1

i . . 1
mi section:;
N, b A [ I;

Preliminary Exam




Compact Muon Solenoid

Pile Up is increasing

* At 13 TeV, 25 ns between bunch crossings
and average 40 primary vertices per bunch
crossing

* Improve trigger as much as possible in
interim before larger trigger upgrade in
2017

2015 Intermediate Calorimeter Trigger
Upgrade

* Emulator development
* Used to test new algorithms and verify

My Work on
Regional Calorimeter Trigger

performance

* Pile Up Subtraction Algorithms

* Found a proxy for primary vertices that
can be used at trigger level, used as a
handle to subtract approximate pile up
energy density quickly.

* Trigger Energy Calibrations

* Used single 1 Monte Carlo to calibrate
Calo Trigger in P+ and n.

L. Dodd, U. Wisconsin 12/2/14

TPG Eta

Preliminary Exam

= | RMS 3.183 |
2.2
1T ~ — PU20, 25 ns
cC [
o 2 ’
O g ~ - —— PUA40, 25 — |
3 F 13 TeV DYdets+LL MC o
1.6— e
O r
%1.4_— .
L oF Same subtraction for T
Z 1E_same amount of pile up —+=
0.85
0.6
04— ==
0.2 %—-—'—_’__‘_:—f_
0 : 1 1 1 I 1 ﬁl_ I 1 1 1 I 1 1 I 1 1 I 1 1 1 I 1 1 1 1 1 1 I 1
0 2 4 6 8 10 12 14 16
_ Number of nonzero 4x4
Scale factors for ECAL trigger primitives " trigger primitives) Yoole,
% 5 e
g o-, e
E1 8 _— . w—.v— Pi0 Pt=50 GeV
% E Ty, ¥
G1.6— *
1_
08 N~2 n=0 n~2
0 1 l1|01 12|0I 13[°I L1 I4[0I L1 Isbl 29



High Level Trigger

High level trigger (HLT)

*Software based with access to full event information
*Output rate to ~300 Hz of data we can analyze!

Triggers Used in analysis
*Di-Muon for background estimation
*Muons with P->17 GeV (muon channel)

*Electrons with P;>17 GeV (electron channel)
*And Taus with P;>20 GeV

L. Dodd, U. Wisconsin  12/2/14 Preliminary Exam 30



Particle Reconstruction

To improve energy resolution: Particle flow (PF)

*Combine signals from all relevant detectors to optimize energy
resolution and particle identification.

*Types

*photon, charged/neutral hadron, muon, electron
*Processes

*clustering, tracking, muons, electrons, secondaries

HCAL

PF Jet -: ; Clusters

65% charged particles dete°t°r>
25% photons -
10% neutral hadrons

31
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Compact Muon Solenoid

Electron ID/Reconstruction

Electrons
* Charged; expect curvature Electron
* Can reconstruct from track in silicon tracker or from likelihood
cluster in ECAL Identifier
* Additionally for T, we require L

* Photon conversion rejection by reconstructing OS pairs n<0.8
to vertex where photon pair produced and requiring no
missing inner hits in tracker

0.8<n<1.479
* Close to primary vertex

* d,and d, n>1.479

* Chi squared of track fit, number of tracks, HCAL/ECAL
energy fraction

To do this

* We do a Multivariate Analysis (MVA) utilizing a Boosted
Decision Tree (BDT) to combine into one likelihood
|dentifier (ID) and calculate for P->20, and in 3 bins of n ® o)

* Require a “tight” MVA ID for a pure sample of electrons, Primary vertex
at the cost of efficiency

L. Dodd, U. Wisconsin  12/2/14 Preliminary Exam 32



Muon ID/Reconstruction

Can use tracker, muon system, or
tracker and muon system

For t, require
*Use both tracker and muon system

*“Tight” muon for a pure sample of
muons

*Close to primary vertex

* Require inner tracker hits and no
missing inner hits

*Various cuts to suppress hadronic Primary vertex
punch through to Muon system

* Example: Small chi squared of track

* Well matched in muon system

L. Dodd, U. Wisconsin  12/2/14 Preliminary Exam 33



Electron/Muon Isolation

Signal Leptons are isolated
*Standard Isolation
*~sum energy deposited by particles around a lepton
*Gets worse as pileup increases
*PF Isolation
*Utilize particle flow candidates to offset pile up

*Require Relative Isolation <.1 for muon and electron
; Y~ Pp(charged) 4+ max|> ~ Ep(neutral) + > Ep(photon) — AfS, ()

el Pp(pore) >
energy estimate of neutral

particles from pileup calculated
L. Dodd, U. Wisconsin  12/2/14 oer event Preliminary Exam 34




Hadron Plus Strips(HPS) algorithm

*Particle Flow based HEZ##/F“" o7y Three Hadrons
+/-
*y, Charged Hadrons ("
+/
*T decays to hadrons ’ el

*|solation discriminators applied
*Does not reconstruct leptonic modes ,

* About 60% efficient 0

*Sometimes ID a particle as a tau @
when it Is not

*“Fake” is usually an electron "
*~1% fake rate for 60% efficiency

L. Dodd, U. Wisconsin 12/2/14 Preliminary Exam 35



Anti-Kt jets
°Infrared and Collinear Safe

*Circular and centered around
harder energy deposits, instead
of soft deposits

b [GeV] [ antik,R=
*2012 default R =.5 25\’-—“’“”‘ = N\
Jet Energy Corrections o \
applied .. W
*Improve Jet P accuracy : - =
¢ 3 RN ‘
*Flatten Jet P response as 2 T -
function of n and P . A S N

L. Dodd, U. Wisconsin  12/2/14 Preliminary Exam 36



b-Jet ldentification

Combined Secondary
Vertex algorithm used to
iIdentify jets originating
from heavy quarks

*Several variables combined
into one tagging variable

*e.g. Distance from

interaction point Likelihood mis-identification
value for probability for  B-tagging
" " " 1 being b- light-flavored jets Efficiency*
Likelihood for being b-jet & e beiets

*Values range from 0-1

*Medium working point
used

*arXiv:1211.4462 [hep-eX]

L. Dodd, U. Wisconsin 12/2/14 Preliminary Exam 37



Monte Carlo Production

: . : . Monte Carlo
Require very precise simulation technique for
to compare to experiment simulation

*Validation
Production

*|If tau lepton produced, use Tauola
to simulate decay

PDF Hard scatter

|

Madgraph

38
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MSSM H->ttbb backgrounds

MSSM H->hh production cross section*BR is ~1 pb
TTBar 257 pb

* Largest background because of 2-jet requirement in our
category selections. Dominates 2 Jet, 2 B-Jets category

* Production cross section*BR: ~13 pb : [>5TT
W+jets 36257 pb
* W+3 Jet production cross section drops to 519 pb
* Production cross section*BR: ~50 pb
* Other cuts further reduce yield

Drell Yan 3504 pb
* DY+2 Jet production cross section drops to 181 pb

* Z1T peak is distinct from signature peak, and small 2
lepton BR

Hadronic tau

* Production cross section*BR: ~6 pb
P fake rate reduces much

QCD Processes further for dimuon decays

* Inclusive selection rejects a large portion of QCD
background
L. Dodd, U. Wisconsin  12/2/14 Preliminary Exam 39



Compact Muon Solenoid

o Trigger: Isolated
Muon of Pt > 17
GeV (at least) with
a Tau with Pr>20
GeV

e |solated Tau Pr>20
GeV and |n| <2.3

o No extra OS di-
Leptons

o Signal Selection
e Mr<30 GeV

TuTh INClusive Selection

"~ CMS Preliminary 2012, 19.7fb ", Vs =8 TeV 1,1,

" CMS Preliminary 2012, 19.7fo ", ys=8TeV 1,1,

#0000 ]

T

Mt = \/ZpTeEfrniss (1 — cos A¢)
L. Dodd, U. Wisconsin 12/2/14

m T L]
< @ Observed o [ Observed
@5000 : =1t %0000 1T
L B Eiecroveak T
30000 70000
25000 60000 e IR rs s
,,,,,,,, (m =300 GeV tanp=2) IR {mn=300 GeV tanp=2)
20000 50000
40000
15000
30000
10000 20000
5000 10000
0 " N S TR B 0 i
-2 0 4 0 50 100 50
| [ Muon P; [GeV] ] :
CMS Preliminary 2012, 19.7 fb' ys =8 TeV ; CMS Preliminary 2012, 19.7 fb™, ¥s = 8 TeV T, T,
0 - %) T T T T T T T T T T
= B L 4 Observed L. L ] Observed
@5000 :- : It 50000 E D Zatt
1| B - Electroweak LLb 0000 E - Electroweak
= [ ] aco
o 50000 . -
% — Z—pp
25000 :- ________ (m =300 GeV,tanB=2) B S 1{?{:'3{_)’0"3;{!};:;2)
20000 - s
15000 S 3
10000 APIVE
o o % 50 700 50
Tau n [ Tau Py [GeV] ]
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Compact Muon Solenoid

Selection and Yields

Number of events passing selections

Inclusive

Sample Yield

Inclusive yields shown

Filter Results

x10° results -
120— Entries 267936 Data:
B Mean 3.313
b RMS 2.904 TOTAL B
- Require Tau Background = —
80— / | +QCD 19K
- Require Muon |D
60— + W+lJets 13K
sl Tau isolation + Top 2K
X [ | +VV 7K
201— Muon [solation
- l + ZLFT 2K
IR T N (N TN N (N NN (NN (NN NN S A B SR + ZJFT 2K
Nty Oi A ea M . L) L7 . M M%U L] oy M o M a,M s [y - M)Mu ‘”78 " M
e»e,,:;’j"g;cfja&o,,‘;‘g o “Onpyg o so,;,g;«ai? Decy oﬁ?‘;i;;%;‘;”%wazn g, ,sj"wafc,?’eﬁli,, + 7TT 90K
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Offline Primary Vertices>0
Data used to estimate Electroweak, QCD, Z yields
Tau P+>20, Muon P:>20

M+ Transverse mass: MET+Lepton

0 1o @8 Preliminary 2012, 19.7 b, ys =8 TeV 11,
. ! ' ' ' | ' I I I | I ! L] LI
€ 300k e E
g C - Electroweak ]
L [ [ ] aco )
250 I = .
C Bz i
200 | £771 2300 eveanpe) -
150 -
100 -
50 -
E )

% 150
[GeV]
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|Isolation in Selection

CMS Preliminary 2012, 19.7 fb'1, Vs=8TeV 1.1

+/0000 | — | uTh
GC_) : It
@OOOO - Electroweak
[
50000 .
40000 J (m =300 GeVtanp=2)
30000
20000
10000
.
0 50 100 150
M; [GeV]
42
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Di-tau Mass &
MVA MET Recoll Energy

Di-Tau Mass reconstructed

Maximum likelihood technique
*Visible tau decay products

*Missing energy in the event to help determine neutrinos
energy

*Neutrino energy still kinematically constrained.

MVA Missing ET and Recoll energy
*MVA MET uses a BDT to improve MET resolution

¢ %iSS _— — Z pT(PFlOW) —'—bpreCOﬂ,T — Z pT D QT7H
; 1
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Backgrounds Overview

W+jets, Z+jets,
Ztt, QCD use
data-driven
methods

Events

Zuy, TTbar yields
are based on prior
MSSM h->TT
studies®. Shape
from Drell Yan

Monte Carlo.
L. Dodd, U. Wisconsin 12/2/14

CMS Preliminary 2012, 19.7 fb'1, Vs = 8 TeV

Tl-lth

10° E‘ e Obser\;ed QCD is
. Z—>5 17 additionally
10 ' - Electroweak scaled based on
QCD prior MSSM
10* 1 h->1T studies*
o [ Z— pp

*arXiv:1408.3316
[hep-ex]

Details in next
slides

150

Preliminary Exam
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QCD Background Method

QCD background estimation QCD factor =1.06

: : Applied to go from SS to OS.
*Same sign (SS) (e.q. TF T*) region,
M- <30 (93 e\(/ CJt( J ) reg Computed for MSSM h->tt paper

arXiv:1408.3316 [hep-ex]

*QCD = Data- Other backgrounds

CMS Preliminary 2012, 19.7 b, Ys =8 TeV 1,1, CMS Preliminary 2012, 19.7 fb”", ys =8 TeV 1,1,
g 8000 T T T T T T i- 605!'3!'\1&1 T T T T T SF — 1.06 ..g T T T T T T 5- 6097!'\09'0 T T T T T
0 - ® 8000 —— -
* 7000 . o y " 000 =
2w . -
6000 T 6000 R oyttt
2000 5000 $5*1.06
4000 4000 Accounts for OS
SU00 3000 difference in yield
2000 2000
1000 1000
0
1.2
g (S) B R a
..\Q E 1.0 | P | I I I
< SN i g 00 oS00 50 B0 5 B9 50 00 48 60 49 0 o8 O
085 50 700 150 200 250 300 085 50 700 150 200 250 300
m, . [GeV] m, . [GeV]
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W+dJets Background Method

. Inclusive
Select signal and reduce W

il 10X H— hh— tt bb

procedure

*W+Jets yield is normalized using 30000;
data in M>70 GeV region

WJets 70 = (data-backgrounds). 7oge1/

. s CMS Preliminary 2012, 19.7 fb",ys =8 TeV 1,1,
+Jets by using a selection I e I A S B
GCJ :keep ICUT ] Z_,S‘:r: ]
° MT <30 Gev @OOOO -— - Electroweak —-'l
_ _ " [ ] aco |
W+dJdets normalization 40000 :_4"1 II:I !

P \Wadets i

20000 [
; Sideband

M>70

*This is then used to scale the 10000
M;<30 GeV W+dJets MC. ) | i
WJets MC )y -3 0o 150 200
W+ Jet = T W Jet
M <30 = W o Mmoo M0 M. [GeV]

*The shape of W+Jets is taken
directly from W+dJets MC.
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TTbar Background Method

TTbar shape taken directly
from TTBar Simulation.

Use scale factor found CMS Preliminary 2012, 19.7 o' ys=8TeV 1.1

L™h

from a TTbar control region £ 0 ' . ]
in data to extrapolate 0 —
TTBar MC yields to data ' 160 MR S ocrove
140 [
E %(;))(lﬁl—) hh— tt bb
_ . 120 + E....._E (mH=SOOGeV,tan|3=2)
tt vield = ttyro * .96 +

TTbar selection for control plots:
T P1>20 Gev and t Isolation
At least one tight py Pt>20 Gev
At least one tight electron
At least 2 P1>20 GeV jets
At least 1 Medium CSV B-tag Jet
mt1>0

300 400
M, [GeV]
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Ztt Background Method

Z—>1t Embedding
* Embedding
* Use a di-muon data sample

* Keep the kinematics of the muons but

- PR
model muons as taus and simulate the C!V'S Preliminary 2012, 19.7 fbo™, ¥s = 8 TeV

iy

UJ | | 1 | 1 | | | | | |

tau decay. = ' obsorved

) Shape %5000 i;c:r:weak
* Shape is taken from embedded sample Qco
with category selections v
o 20000 .
* Normalization e a 10X H— hh—s tz bb
Cecceme H (mﬂ=300 GeV tanp=2)

* Yield is taken from DY+Jets Monte Carlo 15000
with inclusive selections

* Scaled by efficiency from embedded
sample to go from inclusive to category 10000

selection.
/—>11 Selection:
Tau Pr>20 Gev+lsolation 5000
Inclusive Selection
Mt <30 GeV 0
No medium bjets, <2 Jets pt20 0 100 200 300

L. Dodd, U. Wisconsin 12/2/14
m. . [[GeV]]



Zupy Background Method

£->Hu Good Agreement

* Shape from Drell Yan+Jets Monte Carlo CMS Preliminary 2012, 19.7 ", s =8 TeV =,

* Generator-level selections applied to get {2 00— ]

Z->pUp sample 0 - [ zoee -

* Normalization factor used is 1 W g0 - 5 o -

* Calculated from Tag and Probe method - L ‘Zf_w y

* Relies on Z peak, one muon tagged, the 60 ) 1(%),(,535’0%“3/};:&2) -

other probed for efficiencies. - -

For t .7, channel, generator level a0l b

selections provide Z->ee sample from i

same DY+Jets simulation. -

20 -

Zuu Selection: -

Inclusive Selection ]

with Mr >0 GeV 09 50 100 150

(undoing Mt >30)
dLeptons>0 M, [GeV]

(reversing no extra OS diLeptons)
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Jet Selection: 3 Categories

Well understood
backgrounds

No reduction

Signal/

Background ratio
In categories

# Jets: u
Category FE;O Medium
4 CSV tag
2jet, Obtag >=2 0
2jet, 1btag >=2 1
2jet, 2btag >=2 >=2
L. Dodd, U. Wisconsin 12/2/14

%\gs Prellmlnary 2012,19.7 ", Ys=8TeV 1,1,

.."2 T T a T Obs &’ T T T 1 T T T
c - e
a>> 100 _Cut _ Electroweak
L 1 ] a0
1 —
80 -_ _ T s e
L A l,m 300&; Vitang=2)
- o
60 = }
a0f
o '-o
S TP S T o]
= 4
®
©
o TR 7| SRR NS —E— -
0.8

number ofJets P.>20

R R R B S B R

Events

Data/MC

X%\AS Prellmlnary2012 19.7b",¥s=8TeV 1,1,

180 ,éiﬂ&
160 El o
140 _—
120 R
100

80

60

40

20

8

B E
—— -
°.0 05 1.0 15 20 25 30 35 40 45 5.0

Number medium b-tags

3 Categories of jets should be exclusive

NBTags

When expected limits calculated the same event only

appears once.

Preliminary Exam
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Invariant Mass Variables: Signal “&z

*Mass of light higgs

°|nvariant mass of two taus

Mps
*Mass of light higgs

*Di-jet invariant mass from 2 highest CSV valued jets

MTTbb
*Mass of Heavy Higgs

.Mbb + MTT
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Compact Muon Solenoid

M:: In 3 categories

Invariant Mass of h->tt final state
Very Good Data/MC agreement outside of blinded region

2 jet O tag 2 jet 1 tag 2 jet 2 tag
CMS Preliminary 2012, 19.7 b, ys=8TeV 1,1, CMS Preliminary 2012, 19.7 fo, ys =8 TeV 1,1, CMS Preliminary 2012, 19.7 o™, ¥s =8 TeV 1,1,
L] L] L] ] I L] L] L] L] I L] L] L] L] I L L] | L] L] L] L] I L] L] L] L] I L] L] L] L] I L] L] | o L] 1 L] L] I 1 L] L] T I L] 1 L] L] I L] L]
° Observed = ® Observed = C ® Observed
400 ] zo+e -g 60 A % 14 1 2zoes
- Electroweak 2 - Electroweak 2 - - Electroweak
350 [ aco o [ aco T 12F [ aco
O « 50 [ « - -y [
300 B - - P Z
pemm===y 10X H- hh— tc bb pe=====n 10X H- hh— 7 bb 10 {1 peemm=my 10X Hs hho tbb
2 50 ........ (m =300 GeVtanp=2) [ ' =3 (M =300 GeV,tanp=2)
8f
200 [
150 °F
100 4
50 2F :
N 2.1 1 4 4 il---._‘ IR T T
0 100 200 300 0 100 200 300
m. . [GeV] m. . [GeV] m. . [GeV]

L. Dodd, U. Wisconsin  12/2/14 Preliminary Exam o2



Mbop In 3 categories

Invariant Mass of h->bb final state
Acceptable Data/MC agreement outside of blinded region

M.

dN/d

2 jet O tag 2 jet 1 tag 2 jet 2 tag
CMS Preliminary 2012, 19.7 fb'1, Vs =8 TeV T, T, CMS Preliminary 2012, 19.7 fb'1, Vs =8 TeV T CMS Preliminary 2012, 19.7 fb'1, Vs =8 TeV T, Ty

—_ 220 L] L] L] L] I L] L] L L] I L] L] L] L I L] — L] L] L L] I L] L] L] L] I L] L] L] L] l L] L] ] 1 2 — ) L] L] L] I L] L] L] L I L] L] L] L] I L] | -

[ ] Observed 2 o Observed 2 - [ J Observed -

200 ] 20 o 35 ] 20 O - ] 20 -

- Electroweak Z - Electroweak Z 1 0 -_ - Electroweak _-

180 — © 30 - © - ™} 1 aco :

160 — I i P i .

Z—-uu Z—up = E Z—up -—

140 {7 o el % S °F E.!::::::z o ;
120 of
100 -
80 e
60 I
40 oL

20 L "
oLLL --Jl 1 I 1 1 1 --‘---'l T 1 ) I I
0 100 200 300 0 100 200 300
M, [GeV] M, [GeV] M, [GeV]
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2 jet O tag

CMS Preliminary 2012, 19.7 fo™", ys = 8 TeV

o Observed

[ 2
- Electroweak
[ aco

dN/dm(H)
dN/dm(H)

10X H— hh— tt bb
] =3

m(H) [GeV]

L. Dodd, U. Wisconsin 12/2/14

18
16E
14k
12
10F

MHn In 3 categories

Invariant Mass of H->hh final state
Good Data/MC agreement outside of blinded region

2 jet 1 tag

CMS Preliminary 2012, 19.7 fb‘1, Vs =8 TeV %

N B~ OO
LILEL] LILEL LI LILELI LI

|
[ J Observed

—AE

- Electroweak

[ aco
[«

Z—up

-------- 10X H— hh— 7t bb
Lemmmead (M =300 GeVitanp=2)

2 jet 2 tag

CMS Preliminary 2012, 19.7 fb‘1, Vs =8 TeV

dN/dm(H)

----_I - ‘

L] I I L] I L]
o Observed

: : Z—-tt

.._ - Electroweak

C [ aco pemmmmnnny
[ [« = '
N o

]
]
-------- 10X H— hh— t§ bb H
tmmmmaad (M =300 GeVignp=2) 1§
] 1 ]
1 ]

i |

~200
m(H) [GeV]

- 7 L PR T TR N T
0 100 200 300
m(H) [GeV]
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 Minimized expected
limit means
maximal
experimental
sensitivity

* 1,7, expected limit
for model
iIndependent
scenario

 EXxpected limit on
o*BR iIs similar to
other di-higgs
seaches

L. Dodd, U. Wisconsin 12/2/14

95% CL limit on 6(gg—H—hh)xBR [pb]

Expected Limits: 1, 1,

5.0
4.5
4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5

CMS H—>‘c1:bb 19.7 fb at 8 TeV

— Expected
| + 10 Expected
+ 20 Expected

T],L Th

A—Zh profiled, bbH profiled

260 280 300 320 340

my [GeV]
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Expected Limits:t_t,+Combined

Combined model-
iIndependent expected
limit In the two channels

for MSSM H

CMS, H—ttbb, 19.7 fb" at 8 TeV

CMS, H—1tbb, 19.7 fb™ at 8 TeV
5.0 —r r | 1+ rrrf1 1 °&r 1t 1

) Expected

" F I + 106 Expected <.,
4.0 + 26 Expected ™"
3.5

3.0
2.5

]

A—Zh profiled, bbH profiled

1 L LR B
—— Expected

[ + 16 Expected TeTh

+ 20 Expected

> »
o o

3.5 A—Zh profiled, bbH profiled
3.0 2.0
2.5

1.5
2.0
15 1.0
1.0

0.5

=
o

L 1 1 I L 1 1 I 1L 1 1 I 1L 1 1 I L
260 280 300 320 340
my [GeV]

95% CL limit on 6(gg—H—hh)xBR [pb
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13 TeV Outlook

13 TeV Outlook
*Increased Higgs production and more data

*However TTBar production cross section is predicted ~830
pb at 13 TeV

*330% increase
*Precision 125 GeV Higgs measurements
*Reevaluation of methods will be necessary
| will continue help with the L1 calorimeter trigger in

2015 and will be involved with the Higgs to Tau Tau
CMS Group.
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Compact Muon Solenoid

Backup

L. Dodd, U. Wisconsin

12/2/14

Preliminary Exam
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Compact Muon Solenoid

Compare to other cms di-higgs

5 17.9-19.7 b’ (8 TeV)
— 1 O 3 1 I I I 1 I I ] I 1 I 1 I 1 l 1 J I I I 1 I ] )  J—
é — ?V":‘S CMS-PAS-HIG-13-032 (yybb) =
—_ = OrK in progress -, g - —
T —  Assumes SM Higgs BR CMS-PAS-HIG-14-013 (bbbt?) - spin-0 —
T — = CMS-PAS-HIG-13-025 (multileptons and photons )
T 10% &= CMS bbbb (high mass, in progress) B
o § CMS bEW(Iv)W(qF) (in progress) §
§- : CMS bbrt, 7, (in progress) =
> o 2
T 10% —
Q = - ; Observed "=
= = ..... Expected 3
= = o
cC - ]
= 2
-]
= 10° =
g — =]
—d - _
O - 4
32
8 1 0 | 1 1 l 1 1 1 I 1 1 1 l 1 1 1 l 1 1 1 I 1 1 1 l 1 1
200 400 600 800 1000 1200 1400

mP" 0 (GeV)
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Compact Muon Solenoid

Cross section

*Effective area, probability of interaction

Luminosity, L

*Relationship between rate and cross section

Beam Energy

[TeV]

Bunch
Spacing [ns]

Protons/

Bunch

Bunches/

Beam

& [pm]
B* [m]

Pileup (Max)

Peak Inst. L

L. Dodd, U. Wisconsin

Beam & Luminosity more parameters

Symb

Quantity

5‘9

particles per bunch

<
~—
Sul

number of bunches

revolution frequency

lorentz factor

normalized emittance

lattice parameter

geometric eduction factor

77
2011 2012 2015 Design.
3.5 4 6.5 7 _Q'
50 50 25 (50) 25 ?
1.45x1011 1.48x1011 ~1.5x1011 <1.3x10"1
~1380 ~1380 ~2800 ~2800
~2.4 ~2.6 ~2.5 3.75
1.0 0.6 0.4 0.55
~20 35 40 (average) ~20
3.7 x 1033 7.7 x 1033 (.5*)1.4 10734 1034

12/2/14

N =0

L

L dt

::Aéw%ffyﬁ,

Aen, BF
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M, M@ scenario
commonly examined

LEP provided lower
tan bounds

Excluded tanf3<3 for
150<M,<450

TeVatron experiments
provided higher tanf
bounds

* Excluded about
tan(3>40 for M, <200

Close the wedge

L. Dodd, U. Wisconsin 12/2/14

1

tan

00
90
80
70
60
50
40
30k
20
10

Previous Results MSSM Higgs

Tevatron Run Il Preliminary, L= 1
m, max, u=+200 GeV

Excluded by LEP
= Observed limit

Expected limit

Expected limit+ 1¢
N Expected limit+2c

IIIIIIIIIIIIIIIIH'IIH

\\\\\\\\\\\\\\\\\\\\

IHIIIIIIIIIH’%MHIII{

8-2.2 fb™!

\\\\\\\\\\\\\\\\\\\\\\\\\

‘§§§§s
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

\\\\\\\\\\\\

160

arXiv:1003.33@3dlemmary] Exam

180 200
m, [GeV/c?”
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®
o
o
8
3
c
S
=
g
8
£
8

Standard Model (SM) Higgs

19.7 b (8 TeV) + 5.1 fb' (7 TeV)

., CMS m,, = 125 GeV
W=1002012 Prefiminary

H — bb tagged
u=0.93+0.49

H — 1t tagged
u=0.91+0.27

H — yy tagged
n=1.13+0.24

H—- WW tagged
p=0.83%0.21

H — ZZ tagged
u=1.00+0.29

0 0.5 1

~ 1|5 2
Best fit O‘/O’SM

EEE——
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L. Dodd, U. Wisconsin

SM Higgs Decays

t _I | | | | | | I | | I | | | | | | | I_g
5 E bb 1o
- 18
P S
8 0 i
B 2
=10 " — _. L
el :
c ~ i
mn [ |
(7p)
1072 =
2 B T N
1 0'3 -
2 uu
.1 0-4 ] ] | | | | | ] ] | | | | ] ] | | ] |
80 100 120 140 160 180 200
M, [GeV]
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Compact Muon Solenoid

Improved Myy and MH

resolution

Narrower width and improved
peak value

e

MEAN:

400

A.U.

350
300
250
200
150
100

50

%

— 200

mJJ Nominal = 112 Gev<:2°

BDT

MmJdJd Regré&ssed = 121

GeV

L. Dodd, U. Wisconsin 12/2/14

140
120
100
80
60

B-Jet Regression: Hhh

III]IIIlIIIIIIIIIII

= mJJ nominal

== mJJ Regressed

Nominal
Constant 284
Mean 105.2
Sigma  30.18

Regressed
Constant 280.7

Mean 114
Sigma 29

II|IIIIIIIII|IIII|IIII|IIII|IIII|IIII|I

0 40 60 80 100120 140 160180200

\IIlIIIIIII]IlII

Inclusive, M;>0

M(JJ)

IIIIIIIIIIIIIIIIIIIIII

= mJJ nominal

== mJJ Regressed

Nominal
Constant 135.8
Mean 112.5
Sigma  20.54

II]III]III]IIIIIIIIIIIL

Regressed
Constant 151.5
121.6
18.27

Mean
Sigma

IIIIIIIIIII]III]I

At least 2

medium b-tags, 300

M;>0

II|III|I1I|III|III|

60 180 200
M(JJ)

. TTTT | TrTTT | TTTT | TrTTT TTTT 71T TTTT T TT1TT]
=1200(~ -
< : === H mass nominal :

1 0 O 0 :_ === H mass Regressed _:

| Nominal .
800 | | Constant 1059 N
—|[ Mean 2729 -
| Sigma  46.51 ’
600 [{ Regressed ]
|| Constant 1084 _
~| Mean 282.4 7
400 || Sigma  45.37 ]
200 .
%O 100 150 200 250 300 350 400 450
IVIH
D‘ 450 : TTT | rTTT | rTTT | rTTT | TTTT ] TTTT l TrTTT I T TT :
<. 400 f_ === H mass nominal _f
350 f_ === H mass Regressed _f
-[ Nominal .
| Constant 394.6 -
| Mean 276.3 ]
250 | Sigma  40.86 B
2005 Regressed B
| Constant 414.5 3
1 50 | Mean 285.1 i
| Sigma  38.73 3
100~ .
50 =
0
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Compact Muon Solenoid

m 300 1 1 1 N B E— 1 1 1 N R N L e
= - : L ]
| W - o
E} - - *ME32 '—ﬁ"ﬁﬂ_j__‘“rﬁ'*—nﬂ —]
m 250 [ e, ) .‘Jll'lill —
— B wpe _ » "'.,;v K. ME2] _

s o - ) -

E B o " o ¥ 'Il'.", . ',.n . '_..,''‘'''''''""'-"ln.--'l...-..,.___H ]
S e, T e -
et 200— .- ~ " MEIZ, ' L .
48] — . MBI ‘ f ; |
] — | +- J‘l.""-'l' 'Hﬂl‘_ = . N
T e T -
—_— MED - - MEIZ 2 P —
' 150 i, .-;"'",'*’ "_-r"""#. . T e ME] -
B - MBI -""'F_ . ” J " W=y "l"'""""'":""""'-"'-""-:' i o P :
AT , u-f"'qﬂ i ~4 ;1% _|
: " '-" 1 —]
100 wea, %L e

50

Hi

L. Dodd, U. Wisconsin 12/2/14

Preliminary Exam



Compact Muon Solenoid
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Compact Muon Solenoid

Dipole magnetic fields

[Biol| (T)
B 2652- 28
B 2505- 2652
B 2357- 2505
B 2210- 2357
B 2063- 2210
I 1915- 2063
. 1768- 1915
1621 - 1768
1473 - 1621
1326 - 1473
1178 - 1326
1031 - 1178
I ossa- 1031
0.736 - 0.884
I os89- 0736
B o442 o589
B o0294- o442
Bl o147- o204
Bl o - o147
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Compact Muon Solenoid

ECAL Gap

)

o Preshower (ES)

— —
— —
—
— w—
— —

L. Dodd, U. Wisconsin
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max

Mgsysy = 1TeV, u = —200GeV,
= 0.8 Mgpysy, M4 < 1000GeV,

Xi = 2Mgysy, Ay = Ay
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Compact Muon Solenoid

IP diagram

IP. QuadMagnefs

Envepe

Bending Magnets Function=vB(s)
(Main Dipoles Add Beam diagnostics:
with correctors) 1) Loss Monitors
2) Position Monitors
Envelope Quadrupole Magnets 3) Profile monitors
Function Special Devices
=VEB(s) 1) Injection Devices Close Orbit

2) Extraction Devices

3) Beam Abort System
4) Scrapers

Chandra Bhat, CMSDAS, Fermilab, January 8-11, 2014
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Compact Muon Solenoid

Sampling | Homogeneous scintillators

Pb/plastic
Shashlik crystals | crystals

SN \3\ Density (g cm™) 4.5 3.06 616  8.28
L\ PR TR TR
N
Radiation length X, (cm) 1.7 2.77 1.68 0.85
Moliére radius R,, (cm) 3.4 4.1 3.39 2.19
Wavelength peak (nm) 500 175 300 440
Fast decay constant (ns) <10 2.2 5 <10
Light yield (y per MeV) 13 ~5x10¢ 4000 100

L. Dodd, U. Wisconsin 12/2/14 Preliminary Exam 7



Compact Muon Solenoid

IBLEH Y \ | /

y
3.5
3.0
2.5 | =
= |
-2.0 -5 2 4 5 3 o [——
15 ] — =
1* N
H+1.0

1
. T By

Figure 5: Value of |B| (left) and field lines (right) predicted on a longitudinal section of the CMS
detector, for the underground model at a central magnetic flux density of 3.8 T. Each field line
represents a magnetic flux increment of 6 Wb.
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. HIG-14-009

Hi . L Combinat
iggs news: Legacy Combinati

ompletion of the 5 main channels we have produced a preliminary combination of%:
results (HIG-14-009), and work continues on the final publication

= The combination was made public concurrently to H—YY paper submission and presented
for the first time in ICHEP.

= Detailed schedule/timeline for submission of the legacy paper (see below)
= Work on a 'Grand Combination' with ATLAS ongoing in the reformed Higgs Combination
Group (HCG), with first target to produce a combined mass measurement.

19.7fb" (8 TeV) + 5.1 fb' (7 TeV) I U= 1.00 +0.13 |
Combined CMS m, =125 GeV —

u=1.00+0.13

Preliminary

H — bb tagged

n=0.93+0.49
H > ¢ tagged Timeline:
hEosIERA * |3 Oct: Draft ready for review by HIG and ARC
H_L?f?sg?ii * 29 Oct: Pre-approval in the Higgs group
* 3 Nov: Aim at beginning of CWR
H_)p\iv(\)/.\g;igog.;d * 5 or 12 Nov: Approval Meeting
H s 77 tagged * 17 Nov: End of CWR

n=1.00+£0.29

1 1 1 1 | L 1 1 1 L 1 I 1 1 1 L
0 0.5 1 1.5 2
Best fit O'/O'SM
L. DOUU, U. VVISCUIISIIN 1/ 14
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FIG. 1: (a,d) Production rates at v/S = 7 TeV and (b,c,e,f) branching ratios of heavy neutral Higgs, H and A, as a function
of M4 i for (a-c) tan 8 = 30 and (d-f) tan g = 3.
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