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Peak Delivered Luminosity (Hz/nb)

Peak interactions per crossing

011-2012

Amazing performance of the LHC since the turn on!

Inst. Lumi. [Hz/cm?]> 2010: 10?7 — 2x103?

CMS Peak Luminosity Per Day, pp, 2012, Vs = 8 TeV

Data included from 2012-04-04 22:37 to 2012-12-16 20:49 UTC
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CMS peak interactions per crossing, pp

Data included from 2010-03-30 00:00 to 2012-12-16 20:50 UTC
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2011: 3.6x1033

CMS Integrated Luminosity, pp

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

— 2010 7 TeV a4. 2 pb!
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Feb 2014 CMS Preliminary

S : Lo ¢ 7 TeV CMS measurement (L < 5.0 fb™)
10°k—~ S $ 8 TeV CMS measurement (L < 19.6 fb™)
: : S — 7 TeV Theory prediction

 Fabulous
agreement

: : , , , — 8 TeV Theory prediction
10% S Y -
L S <~ CMS 95%CL limit

e 100’s of
measurements

* High precision

Production Cross Section, o [pb]
[
i

P L E

1o-1iingleaaaaﬁf_aaaasiaae—=
oson|  MULTIBOSON =4 TOP | HIGGS

YW= | EW VBF
wlz Twy Dzy twwtwz Tz Ty el Wy b T Tw e Dty Doz TggH T gt v e

Th. Acy, in exp. Ac

Yesterday’s discoveries are todays calibrations, and tomorrow’s backgrounds!
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* Higgs Discovery
in 2012!
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e Selected Run 1 physics results
— Final Higgs Results
— Dark Matter
— Multiboson Production

e Machine Status before start of Run 2

* Planned Detector Upgrades

— Phase 1 Upgrades
— Phase 2 Upgrade Detector Concept

e Conclusions

6/10/14 Slawek Tkaczyk Seminar UW 2014 5
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2014 ae

e Spectacular progress in the past two years
— Observations in three boson channels

— Evidence for coupling to fermions

— Precision mass measurement ~125GeV <0.5%
— Spin/parity determination

— Limits on the Total width

* Higgs observations and properties two years after the Discovery
completed for all channels

* “Higgs-like” particle looks like the SM Higgs boson
— No evidence for new Higgs particles
— No evidence for non-SM decays

6/10/14 Slawek Tkaczyk Seminar UW 2014 6



at LHC

\\ \1
g gg fusion v VL/ fusion QMY N SRS
bt S VBE « ~. Higgs-strahlun
ggH H VBF v - VH 68 8 ttH = tt associated
q q .
10

| lH | lpf‘{oduction
T T rr T yr g1 rrrrrr1rr T Ty T T 1T T T T T T T

1 1 111111

LHC HIGGS XS WG 2012

87%,,p \s= 8 TeV

I (WLO Qc

LHC HIGGS XS WG 2012

D + NLO EW)

o(pp — H+X) [pb]
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M, [GeV] M, [GeV]
* Higgs x-sec higher at 8 TeV by 25-20% than at 7 TeV

* Last three production modes have smaller x-sec but better S/N
6/10/14 Slawek Tkaczyk Seminar UW 2014 7
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M, [GeV]

odes

High mass resolution channels AM/M =1-2%
YY: small BR, Rare, S:B< 1
Zz(*): 41 channel: Even more rare, but S/B >>1
Medium mass resolution channels AM/M =10-20%
tv: large production; six decay channels; S/B <1

— can benefit from VBF production
bb: very high backgrounds; S/B <<1

— Challenging - boosted H technique
Low mass resolution channels AM/M >30-40%
WW: High rates ; S/B <1

— Ivlv: clean signature; Ivgq: highest rates
22(*): 212q, 212v, 212t with degraded resolution

J
L. 2

4 production x 5 decay modes x event
categories

Over 100 exclusive final states
contributing to Higgs studies

(including rare decays or production modes)

Seminar UW 2014 8



H—ZZ—4l

H—>WW—
212v

H=yy

H—bb

H—Ttt

5.1+19.6

arXiv:1312.5353
PRD89(2014)092007

49+ 19.5
arXiv:1312.1129
JHEP 01(2014)096

5.1+19.6
HIG-PAS-13-001
arXiv:1407.0558
(EPJC)

5.0+ 18.9
arXiv:1310.368
PRD89(2014)012003

49+19.4
arXiv:1401.5041
JHEP05(2014)104

6/10/14 Slawek Tkaczyk

Usage

Mass
Discovery
Spin/Parity

X-sec
Coupling

Mass
Discovery
Couplings

Total width
Coupling to
fermions

Couplings to
fermions

Signature

4 leptons

2 leptons
MET

2 photons

2 b-jets

Hadronic
taus,MET,
leptons

6.8 (6.7)

4.3 (5.8)

5.7 (5.2)

2.1(2.1)

3.2 (3.7)

Seminar UW 2014

\EIS
[GeV]

125.6
+0.5(stat)
+0.2 (sys)

1254

124.7
+0.31(stat)
+0.15(sys)

consistent

122+7

ummary

Signal
strength

0.93+0.29
+0.25

0.72%0.20
+0.18

1.14+0.26

1.0+0.5

0.78+0.27

J
L 2

Yes

Yes

Yes



H— WW—levv

Candidate event

CNS Experimwnt ot the LHC, CERN
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L, 3
hannel -

reflected in the angular correlations between
final state leptons

Large rates, poor mass resolution and large
backgrounds

Signature: 2 opposite sign isolated leptons
and MET

— Using lepton ID and MET optimized for high
pile-up

Discriminating variables: p;',M;,M,,A¢,

Background estimation from data driven

and MC methods:

Top, WW, W+jets, DY(ee, uu),DY(tt), WY, WZ, 72Z

Scalar H nature and V-A structure of EWK

Signature: 2l and MET

'evt

\ p
[
— opposite spins expected % “,"7&7'
- %

— small azimuthal angle between the leptons

6/10/14 Slawek Tkaczyk Seminar UW 2014 Scalar H: leptons close 11
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hannel JC.

L. 2

WO E Ve 7 — Exactly 2 well identified isolated

CcMS 4.9 (7 TeV) + 19.4 b (8 TeV) cMS 4910 (7 TeV) + 19.4 b (8 TeV) .
| T T T | T T T T ‘ T T T T ‘ T T T T ] [ I T T T T ‘ T T T T ‘ T T T T ‘ T T T T I T T ] WW E t | U °
--e- data B WZ+ZZ+ VW m Z125Gev ] | o data B Wz:zZeVW o _125Gev | Ve n S e e C O n .
| — H—>ww top et — H—>WW top r

2000 en 0/-jet 1000 eu 0/1-jet _|

[ w” [l DY+ijets

LI Wijets wWw I W+ets wWw

leptons (e.g.: eu) of opposite
sign with 0/1-jet

— Large Missing Energy (MET)
thus no mass peak

—
o
o
o

500

S/(S+B) weighted events / bin
o
o
o

S/(S+B) weighted events / bin

500

— 2D templates in the m; vs m,

o ‘50 | ‘100‘ a ‘150‘ a ‘200 0
m, [GeV] plane
T I T A Results:
% : :k;:::(\alrtainty enortet ] g 150 ;EK;LY::Zrtainty o oret . o ge
2 1 13 — Significance:
5 200 1 3 i
2 1 2100
5 | > | 4.30 observed
2 100} ol
m i a} L
3 P 7 5.80 expected
B 0 \\ I .
AN\ | I Run | final results paper:
100l 1 IR B ol vt

50 100 150 200 50 100 150 200 250 CMS: JHEP01(2014)096
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. . fo . 9 :
Important in verification of the H . < g W
identity - w,'z'""<t- ”<
- PI’Obes H COUpllngS tO |ept0n5 (nO mU,e) ° Gluon Fusion Process 1 VBF Process a ~ VH Process ™

— Complementary to H—bb indowntype  « Multiple event categories by

fermion couplings i
p. : production channel and
Large production rates : .
kinematics

— Sensitive to all production mechanisms _
mass resolution and S/B, p-,

— VBF and VH most sensitive
. ) : including VBF, GGF, VH, ttH
Signature: broad excess in m__

— Mass reconstruction using MVA * New m__reconstruction with
methods event-by-event likelihood:

— All signal decay modes considered: 20% gain in resolution
€Thad> WThads eM, uu, ee' Thadthad

Large backgrounds: DY—tt, W+Jets,
QCD

6/10/14 Slawek Tkaczyk Seminar UW 2014 14




L, 3
ults g

%' i . ! ook M H(125 GeV)orr

L M‘Ch, h? ‘Eh‘ch, w —— Data - background °
O 2500 ol Ememay Strong evidence for
&t e e, ] H->tau tau decays
£ 2000
Q [ 20} o -
< i
'c 1500 [ _400 e, .160. — .260. — .360._
8 : m. [GeV] :
S ool = mwzmcen-n 1 Results: H{m, =125 GeV)
Q i ]z ]
= ! i ]  Excess of events:
a 500 o 1] Electroweak 7
: : . ‘ oo 1 3.20 observed (3.70 expected)
I E ——— 1 Best fit:
N 0 100 200 300

m. [GeV] Signal strength: u=0.78+0.27

CMS: arXiv:1401.5041 JHEP

6/10/14 Slawek Tkaczyk Seminar UW 2014 15



=|l, Iv, vv
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L. 2

* Important tests of production and decay couplings Search in associated
* Largest BR for H—bb for M,,;=125GeV production with W or Z
* Signal signature: at least 1 lepton and b-jets |
: @
* Signal saturated by large backgrounds from V+HF: N -
— 0,,(QCD) ~107 o(H—>bb)*BR .

— V+jets, tt (reducible) q
— V+bb, VZ(bb)(less reducible)

e Boosted Higgs Analysis ' |

Secondary Vitx Tag:92% |

* Selection of V boson with high p; 2 oS W g O
reduces bkg and improves S/B s D-jetcandidate |
— high p; V and 2 b-tagged jets TIP3 GeV
— V and H back to back IR | b-jet candidate
 Main backgrounds estimated E— i Msj;ﬁiii\./
from data in control regions Muon p;: 161.8 GeV Secondary Vtx Tag: 99.6%

 BDT for signal extraction

Muon 1, pt: 273 GeV

Muon p;: 27.3 GeV
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@ B L A DA L R N CMS: PRD 89, 012003 (2014)
k= 80—CMS ® Data — \s=7TeV,L=50f" (s=8TeV,L=18.91b"
S _ Vs= 7TeV,L=5.0 fb‘11 B v § CMS ., = 125 GeV
8 : S= 8TeV,L=1§.9 fb- \jvv : pp—>VH,H—>b5
= 6O_lt)p—>VH;H%bb — Sub. MC uncert. | Combined w = 1.0 = 0.5
-% - <22 VH + VV MC uncert. |
; I -
@ 40l _ Z(vv)H(bb)
(d)) L 4 u=10+0.8
A | ]
20— — ]
- - Z(IT"H(bb)
: - : u=08=+1.0
O-"'==Ij|__k 1 ﬁ
Cooovovo Wy b b by 1A W(lV,‘l?V)H(bb)
0 50 100 150 209 250 w= 11209
m(jj) [GeV] o o

Results: M, =125 GeV 2 o ? ot it
Best fit: 2.10 observed (2.10 expected) Wait for clear H—bb signal
Signal strength: u=1.0+0.5 till Run 2!

6/10/14 Slawek Tkaczyk Seminar UW 2014 17



CMS ls=7TeV,L=5f" \s=8TeV,L=19-20fb"
1 207
- [
< 18] m, =125 GeV
o F _
| 16]—- VH — bb
~ 3.80 H— Tt
14 — Combined
12
10

standard
model

BASANRNRRRNES
N

02 04 06 08 1 12 14 16 1.8

O

w

6/10/14 Slawek Tkaczyk Seminar UW 2014

to Fermions ’t
3

CMS-HIG-13-033,
by Nature

Direct evidence of decays
to fermions

CMS: Tt + bb — 3.80
Signal strength: 0.8310.24

18



\

Dot recorded: 2092 May 27 230547

. CMS Eaxperiment af the LHC, CERN

RuvEvent 196000 / 137440354




| events JC.

L. 2

* Signature: 4 leptons Final Run | analysis: arXiv: 1312.5353 (PRD 2014)
* Very good mass resolution and S/B>>1 CMS \s=7TeV,L=5.1f";Vs=8TeV,L=19.7fb"
* Narrow peak over the continuum % 35 o e Data | %16; | II . _ -
* Enrich the signal content using the (c?) B %';‘;;;%6 GeV S 1af DE'&’9> 05 'k
Kinematic Discriminant D,; P& 230F L 7 \15 1
n S 1 A
M;,, My,, 5 angles from the decay chain 2 o5 ‘ H 2 2 1]
> f ) UEE
.;J’ '{LUZO_— / ¢ 2F l“ 11H; l“':j
BT L% - 1 O===10 120 130 140 150
_ > " o 1 5 [~ m4l (GeV) ]
~|1 SN "l‘-v‘x; B " | ]
e / 'A'l- .". ~ ” ,|| | ]
et B 10 v ]
& € A N | |
| J‘ I \ :
Results: Sl [1 ||||. il -
1 | g ."| s ! o 1 0 \| I .
Significance: o kst et IW g "."-,, ll l
Observed: 6.8G 80 100 200 300 400 600 800
Expected: 6.70 2 m,, (GeV)

Mass: 126+0.4(stat.)+0.2(syst.) GeV

6/10/14 Slawek Tkaczyk Seminar UW 2014 20



CNS Expenment at the LHC CERN
Oata recorded. 2012-May-135 2008 14 621400 GMT
RunEwvent 154108 / 564224000 '




J
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 Narrow mass peak with 2 isolated
high E; photons on a falling x10°F

19.7 0" (8 TeV) + 5.1 fb™ (7 TeV)

o5 CMS S/(S+B) weighted sum

background
* High mass resolution: ~“1% barrel

¢ Data

—— S+B fits (weighted sum)
------ B component

>
)
G
@
C
* |low rates: S/B <1 > 25 —
* Backgrounds: prompt di-photons § 2 = TMesn 77 e
and y+jet(fake v) 5 15F
e Multi-Variate-Analysis (MVA) used £ 1f _ e
for photon ID and event @ 050 f,-12470 2 0.34 Gev
classification — 4 classes N T T T
N .

— Optimize sensitivity to different s00k i

B component subtracted

resolution or production modes
* Fits performed in all event

100

categories (25) °l
- Di-jet tagging: high S/B but IOW rate -100 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
VBF I . 2 h h P . . h | 110 115 120 125 130 135 140 145 150
— topology: 2 high P, jets with larg m,, (GeV)

An and M,

6/10/14 Slawek Tkaczyk Seminar UW 2014 22



el

* Final calibration of ECAL for Run 1 data analysis

CMS H-yy 19.7 " (8 TeV) + 5.1 fo (7 TeV)
* Improvements: 3 7 W
© 1o
. . . . >
— ECAL Noise evolution withtme & "E- . \\ | 2o
©
. _ S . _
— Effects of out-of-time pile-up 3 Significance: s
5.70 obs )
— Distribution of material in front (5.20 exp) .-~
— 40
— Description of energy scale
uncertainties .
__________ =" —— Observed7 +8TeV
H —— Observed 7 TeV
* New background modeling T Cheemeaatev
--- Expected7 +8 TeV
. R --- Expected 7 TeV
— Multiple functional forms T EreecedsTev

110 115 120 125 130 135 140 145 150
m, (GeV)
Improvements in significance:
9% energy resolution
9 % new event selection
6/10/14 Slawek Tkaczyk Seminar UW 2014 7% background modeling 23
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Final Run | analysis: CMS H - vy 19.7 b7 (8 TeV) + 5.1 fo™' (7 TeV)
arXiv:1407.0558 (EPIC) —~ IxT 7l
£ g A\’ m, = 124.70 = 0.34 GeV 3

RESULTS: S T\ Y 124.70 = 0.31 (stat) = 0.15 (syst) GeV .
Signal strength: 7E\* | -
& & - ' Floating Wyge vy and W ggh,iin =
u=1.14+0.26-0.23 sF E
Mass: 124.710.34 GeV - .
S ]

M., systematics: 4 - N
- the E, scale and resolution: +0.05 GeV 3 = B
estimated from Z—ee - N
o . 2 -

- Non-linearity uncertainty (Mz->Mh) = n
+0.10GeV 1E ]

- Electron —photon differences: oL L 1 L1

I
+0.10GeV 124 124.5

6/10/14 Slawek Tkaczyk B o



I G
rement 4

-1 -1
19.7 fb (8 TeV) + 5.11b (7 TeV) e 2014 Mass Combination

_I 10_I T T T T T 171 | T T T T T 1T T | L T T T T T T T T T T T T T T T T T ] .
- — Combined H ¢  Precision mass measurements from
= 9 CM.S. —— H—yytagged H™yy and H—zz7=4l
<] . Prel/mlnary — H— ZZtagged g *  Consistent measurements across channels
N SfH—syy+H—>2ZZ :
' 2E m,u (ggHtH),
6 H,,(VBRVH) 4 Mass:
55_ 3 125.0310.27(stat.)£0.15(syst.)
4i- =
31 E
2 -
1k :
‘923 124 1 26 127

-PAS-HIG-14- EP’1
(GeV) CMS-PAS-HIG-14-009 ICHEP’14

6/10/14 Slawek Tkaczyk Seminar UW 2014 25
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%‘80-435'|'''|'''|"'|"'|"'|"'|"'|"E

G 80.42- =

= = =

= 80.41E :

>  80.41 -

= : z

ﬂ 80.395— E

n  80.38- -

™M - ]

% 80.37 =

=~ 80.36 =

Consistent agreement = 80 35F =

between the world = =

average masses of M,, 80.34 E

M,,, in the presence of 8033: T T T T
the measured M, 168 170 172 174 176 178 180 182 184

Mdir =173.3410.76 GeV

6/10/14 Slawek Tkaczyk Seminar UW 2014 m, [GeV]



or Bosons *
L3

SM modifiers (Scale Factor):

CMS Preliminary 19.7 6™ (8 TeV) + 5.1 fb™' (7 TeV)

k’=0/0,>" and k*=I'/T; >V ¥ [ + Observed ¢ SM Higgs

* One SF each for vector boson Sl ]

Ky(=Ky=K;) and fermion k(=K =K,) | é

couplings 15 | ...................................
* No BSM physics I'ge,,=0, only I\SM ¢ |
* Partial width scales either with 1k
K,” or kg%, except I, = |a,, +PKe|?
* Plot: contours for individual o5

channels and combination I

i | | | |
OO 0.5 1 1.5

6/10/14 Slawek Tkaczyk Seminar UW 2014 27



19.7 b7 (8 TeV) + 5.1 fo' (7 TeV)

Combined
uw=1.00=0.13

H — bb tagged
w=0.93+ 0.49

H — <t tagged
w=0.91=+0.27

H— yy tagged
u=1.13=0.24

H — WW tagged
w=0.83=0.21

H— ZZ tagged
u=1.00=0.29

6/10/14 Slawek Tkaczyk

m, =125 GeV

CMS

Preliminary

:.:

0

| | 1 1 1 | 1
1 1.5 2

05 f
Best fit O‘/OSM

1 0'2

Seminar UW 2014

d Couplings

J
L. 2

19.7 fo™ (8 TeV) + 5.1 fb” (7 TeV)

B I I I T T I| I I I T 1T I| ™
" CMS ]
Preliminary t
; — o W Z,¢"1x ;
- 68% CL x'* -
- [=—95% CL .
b :
— T —
i | | I | I| | | 1 111 I| )

1 34 10 20 100 200
mass (GeV)

28



L,
at LHC ae

* SM decay width I';=4.2MeV for the Higgs mass M =125GeV

Direct Indirect

Measurement of the width at LHC ~ Two possible techniques:

limited by the experimental Interferometry: Interference between

precision Higgs signal gg—H—vy and continuum
— Domain of lepton colliders 88VY

change of sign of the interference term
around the resonance shifting its mass

CMS limits: at 95% CL

— H_)YY: FH < 2.4 GeV Small effect; large statistics; Run il ?
Propagator: off-shell H* production in
— H—A4]:
H—4l: T, < 3.4 GeV 72

— relative intensity of the on- and off-peak
signals with the background interference
term taking into account

PO Slawelc Tacayk seminar UW 2014 the first Runl results from H—4l channel



* Higgs off-shell production sizeable at
high VV invariant mass
— e.g.:8% of o(H—ZZ) above 2m,

— Enhancement effects seen at the 2m,
and 2m,, thresholds

g 3
doppH2Z2 N 9Hg99IHZ Z

dM;, (Mg, —mi)? + my T

2 2
8geHSEHZZ
mul'n

aon—shell ~
gg—H—7Z7

2 2
soff-shell  SggHEHZZ
gg—H—Z27 (27112)2

e Ratio of on- and off-shell Higgsm
cross sections sensitive to I,

6/10/14 Slawek Tkaczyk

[ pb]

do
T

2

107" |
1072 |
107% )

107" |

6

| et 2m,, and 2m,

H(125)

8 TeV

HTO powered by complex - pole - scheme

Threshold effects

E N.Kauer, G.Passarino, JHEP 08 (2012) 116
i F.Caola, K.Melnikov, PRD88 (2013) 054024
i J.Campbell et al., JHEP 1404 (2014) 060;

Seminar UW 201400 2 Mz, 2 M; 30 1000



atcvs 2 %

L. 2

CMS 19.7 o (8 TeV) + 5.1 fb™ (7 TeV,
o MSpreleresieeey Phys. Lett. B 736 (2014) 64 CMS 19.7 o (8 TeV) + 5.1 fo! (7 TeV)
L [ e Data ] HA. — o
@ 10 Lo All contributions (T, = 10xI$¥, u = 1) i arxiv: 1405 . 345 5 E 10— 4!/ observed &
S [ CHogrw -2z =13 u=1) 1 < S 4] expected
> g —
m 8 B 22 ] Ql f—— 212v + 4l observed
- B zex MELA D,y >0.65 | A - on-shell
i 1 gl 212v + 4l . expected
L | L Combined ZZ observed
i o L Combined ZZ expected
,,,,,,,, : 6
300 400 500 600 700 800 4= - _‘,_ " 95%cCL |
m,, (GeV)
CMS 19.7 fb" (8 TeV) + 5.1 fb' (7 TeV)
Te) T T T [ T T T T T T T T T
o 20 | e Data ]
S SRNRTEEEE Al contributions (I, = 10xTE", u = 1) . 2
k%) gg+VV —ZZ (I =T} u=1) ] o
o 150 Bl aq-2z - L GG
> - Z4X m4,>330 GeV B
I} * - 0
N 0 10 20 30 40 50 60

Results: FH < 22MeV (observed) I, (MeV)
(33 MeV expected) @95%CL (T.5M = 4.2 MeV)

o oe i ™ Bast Fit: I, =1.8+7.7-1.8MeV @95%cCL
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cays #

arXiv: 1404:1344

Cormbraten ol VEF and
TH. H - inwisibie CMS

777 W20 TV L 10107 " (VBF.ZH)
g "':'::'- e "‘) .*v L - ‘9"} 'Z‘*' AW« v «0 .q"p_\ cl

o 10,4 ' AL = US Oey
. .. T
* Direct searches for invisible decays g 4%
 VBF and ZH production as tags © 10"
* Higgs couples to mass; DM is @ 107
massive ! 2 - -
* DM interpretation of the results g ‘0.3 ..;—;l._—__’-j‘—i ,’— e
— Complimentary to direct searches S ‘om """"""" O st
* Comparison with direct detection & 0 N VR~ 1ot
methods under scalar, vector, S 10 — e (G Coinr oA
Majorana fermion assumption on & 02 mee Ml GO o
the DM nature - T 2kt
) 10

10 1%" 10
M Mass M, [GeV]

Br(H—invisible) < 58% (44% exp.) at 95CL
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Detection:
— Direct — DM-nucleon scattering
— Indirect — co-annihilation All three processes described by

— Production — DM pairs at colliders; Higgs  nermutations of the same Feynman diagram
portal to DM

. . P) :
How to trigger on a pair of DM at LHC: Collider

Three ways to look for the coupling:
— Direct search for the invisible Higgs decays X

— Indirect constraints on the Higgs invisible
width from global fits

— Mono-X analysis with scalar operators and
Higgs boson as a messenger M

Original idea:
— Bertran, Hooper, Kolb Krusberg, Tait ,arXiv: 1002.4137
— Later work: Fox, Harnik, Kopp, Tsai, arXiv:1109.4398
CMS publications:
— Monphotons: arXiv:1204.0821 7TeV X q

— Monojets: EX0-12-048 (20fb1)
e Channel with more sensitivity Freeze'OUt,

indirect detection
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* Signature: Large transverse missing E; and a high p; jet (mono-jet)
 Comparison with direct searches using EFT approach with heavy mediator

r~— 1 0'27

0*27 —1 0-27

& ) q T T IIII'III. T T T T .1 "“”}-‘r‘al T T T T T T T T T T T T —TTTTTT - _— T
E 1028} CMS Pre||m|na|'y —eo— CMS 2012Ax_|al Vector — E 1028 CMS Preliminary —e— CMS 2012 Vector  —| NE 10-28;{. CMS Prelirnlinary T _}:-
L, - \s=8TeV e CMS 2011 Axial Vector = G el e CMS 2011 Vector —| & = —e— CMS 2012 Vector |
cC 10-30'_ — - CDF 2012 1:10'30— Is=8TeV — — CDF 2012 — ‘—'10.30_ \s=8TeV ]

= ; - B i i MS 2012 Scal :

.g 10_32 B fL dt = 19.5 fb1 A SlMPLE 2012 - '9 ” — '[L dt = 195 fb“ p— XENON100 2012 - g - L dt <. 19 5 fb'1 — C s 0 Sca ar .
(@] W -= CDMSII 2011 B "6 105 s COUPP 2012 -4 %= 102 . .
Bio*E o T EAUEE2012 R aE e SMPLE2012 1 @& i
» L -=- Super-K W'W’ -0 w0*= CoGeNT 2011 5 N 10¥ —

= - ) 5 - L ]

N 1936 - lceCube W'W — D (A6 ---- CDMSII 2011 ] )] = -
o 10 7 0 10T ---- CDMSII 2010 1 §10%°- =
6 10 38 - e ) ’ .—1 (3 i (i‘!“x)(ﬁ’f"Q) DM-quark coupling |
= iR e oIS O S8 e e s S . s s ; »

] e Rl 2 10%F p ;_,/‘/:
- ., I .

— Wt Claneustt O <

o} S L - R S

e) G ¥ 0@y Q) -0 — O~ & 1o & _
S 104} ; rY el B o e N — . (j) 1042; ) . -
Z' 44 [ = ZI a4 i .;:.‘-'.-::'-—l--.-. ---------- B ZI I /las(ea'”) DM-gluon coupling /‘/}—;
X10%E gpj - X104 = 44l 4A o =

in Dependent : =10 - 1
L. =P P - — Spin Independe - ~ Spin Independent -
10“‘6I ol vl  — L u 10'46[ Ll L Ll Ll 10-46[ Ll Ll roaoa el
1 10 10 10 1 10 10° 10° 102 10°
1 10 I
M, [GeV/c?] M, [GeV/c?] M, [GeV/c?]

 Expand the searches for mono-object production: mono-jet, mono-photon,
mono-lepton, mono-V, mono-top by triggering on ISR jet, photon, lepton, V(W,Z)
* Limits somewhat model dependent — sensitive to the mediator mass, yet

complimentary to Direct detection experiments
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s VBF jet dynamics and
7 7, AL rapidity gaps

W — 1% of inclusive Z+2Jet x-sec
" Clean signatures

: * VBF selection:
— Dijet mass: 250-1000GeV
! ¢ — Dijet Ay: large (>4)

7 — Other kinematics (V, Jet) to
W differentiate from QCD Z

It

) o +2jet processes

-
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e Kinematic discriminant based analysis F PO, | NP FSa2015.
— Z+2jet Model built from y+2jet data ek B S = By |

e 2.60 (50) signal evidence in 7 (8) TeV data

* Cross sections in agreement with SM predictions
— 0 EWK=226%44 fb

— o VBFNLO=239 fb :
* Jet dynamics well modeled e
DT output
H M CMS preliminary, {s=8 TeV, [ L=19.7 fb" e6/up events, M >1250 GeV C M S' PAS' FSQ‘ 1 2'03 5
in and around search regions ; pes==rrs ME I R e
fi; 1? zé;é_;j;% % =TI I+ E g'o's‘:?::;:lon ; g;am
osr F 1 Wy e —pE
i ] F - T, W
* Channel to study the ook F 1 *F S =
generator behavior in I e B
02rf "
VBF/VBS processes TR i,
%’121ﬁ—‘ T T T T T T T T T T T T T T ‘:
6/10/14 Slawek Tkaczyk S(én;in‘ar‘ U‘V</002‘01‘4‘ e

04 06
BOT output



== 1%

* Multi-boson production at CMS
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* Provide fundamental tests of the SM
— Measurements of self-interactions and * Interesting final states:

gauge couplings (TGC, QGC) — Single boson from VV scattering — TGC
— Probe of new physics — Di-bosons from VV scattering —
e Direct — resonances with dibosons final multiple graphs
states — Di-bosons inclusive — also TGC
Indirect — deviations from SM expectations — Tri-bosons — QGC
Apr 2014 CMS Preliminary
1 1 1 1 1 1 1 1 | 1 1 1 1 . .
CMS measurements 7 TeV CMS measurement (exp+th)  —+—o0—+— _Feb 2014 CMS Preliminary _
vs. NLO theory 8 TeV CMS measurement (exp+th) ——e—— = § 7 TeV OMS measurement (L = 5.0 fb’) 3
10° Eo_—o- § 8 TeV CMS measurement (L < 19.6 fb™) -
YY, (NNLOth)  } : : | 1.04 £0.11+£0.09 5.0fb™ E . — 7 TeV Theory prediction 3
- : : : : — 8 TeV Theo rediction -
Wy — —  1.16:0.13:0.06 5.0fb" 0 Z o oson o §
Zy —+—0—+— 0.98 +0.05 +0.05 5.0 fb \ C L T TR -
WW+WZ — 1.05+0.20 +0.03 4.9fb" g [ . i 1§
WW — . — 122 +£0.12+0.04 3.5fb" F TR ‘ é_.;.‘ | S N O
wz ——o——+  117010+0.03 491" 10 - il S
. . 1 - R g i
Wz ———e———i 112 +0.08 +0.05 19.6 fo e B ms +.3 .
Y4 — — 0.99+0.15+0.06 49fb" 3 el D 3
3 —— i K3
2z . 1.00 +0.10 = 0.08 19.6fb™ 10" - T
1 1 1 1 | 1 1 1 1 | 1 1 1 1 E : a
05 1 15 2 Tw T2 w2 Iwwlwzlzzlw‘;lggﬁlwv\r e b T Ty, Ty Nz L:QH|¥§E|VH|MI
airesitsat: - Production Cross Section Ratio: o,/ o H
http://cern.ch/go/pNj7 - exp theo . . .
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* Analysis of the WWZ and WWY final states

e Effective lagrangian method with 5 parameters
— SM: (g]_zl Ky'z; )\'er) = (111)0)

Limits obtained from P distributions
* Consistent with SM expectations

Tevatron results with scale dependent
., form-factors with cut-off scale A=2TeV

Feb 2013 Feb 20

1 1 I 1 1 1 1 I 1 1 1 1 1 1 1 A1I_LAIS |_||’In|ts| ';‘ 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 A-h_Aé L|r!n|ts| 1 ';‘ 1

CMS Limits — CMS Limits —

WWy St 2 WWZ S =

-1

Ax, W 0980 - 0.590 ‘5‘ o1 Ak - WV -0.043 - 0.033 5.0 fb'

Y : ' S o LEP Combination -0.074 - 0.051 0.7 b’

P ww -0.210-0.220 4.91b N — WW -0.062-0.059 4.6 b

— wv -0.110 - 0.140 5.0 fb z — WW -0.048 - 0.048 4.9 fb™'

———Oo— DO Combination -0.158 - 0.255 8.6 fb™’ — Wz -0.046 - 0.047 4.6 b

boe LEP Combination -0.099 - 0.066 0.7 fb' — WV -0.038 - 0.030 5.0 fbo!

A — Wy -0.065 - 0.061 4.6 fb! Fo- DO Combination  -0.036 - 0.044 8.6 b’

Y — Wy -0.050 - 0.037 5.0 fb"' re- LEP Combination -0.059 - 0.017 0.7 fb™

. . . - - -1

— WW -0.048 - 0.048 4.9 fb™" Agf - ww o ooz :-S :E_1

-1 -U. - U. .

Fo DO Combination  -0.036 - 0.044 8.6 fb ot DO Combination  -0.034 - 0.084 8.6 fb!

o LEP Combination -0.059 - 0.017 0.7 b o LEP Combination -0.054 - 0.021 0.7 fb™’
1 1 | 1 1 1 1 | 1 1 1 1 1 1 | 1 1 1 1 | 1 1 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1

-0.5 0 0.5 1 1.5 -0.5 0 0.5 1 1.5
aTGC Limits @95% C.L. aTGC Limits @95% C.L.
O/ 1U/ 14 JSIdWEK 1 KdCZyK SQemindr uvv Zul4 4u



Analysis of the ZZZ and ZZy final states

L, 3
le GC -

ZZ: Effective lagrangian method with 2 parameters

SM: (f,v2, f.+2 ) = (0,0)

Zy: Vertex function approach method with 2 parameters

SM: (h,Y2, h,?) = (0,0)

No signs of deviations from the SM

Scale dependent form-factors used
with various cut-off scales

Limits obtained from ZZ cross sections

Feb 2013 Nov 2013
1 1 | 1 1 1 1 1 1 1 1 1 1 1 1 | 1 A‘lI'LAIS L";«"tsl 1 1 ';‘ 1 1 1 | 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 A_II_LAIS L"!nltsl 1 1 ';‘ 1
CMS Limits — CMS Prel. Limits —
CDF Limit —
ZZy 27z ~
y — zy -0.015-0.016 4.6 b f! 22 0015-0.015 4610
h, ) 4 — 77 -0.004 - 0.004 19.6 fb
H Zy -0.003 - 0.003 5.0 fb — 77 (212v) -0.004 - 0.003 5.1, 19.6 fb"
i zy -0.022 - 0.020 5.1 b’ ¢ — 7z -0.013-0.013 4.6 fb
HZ — Zy -0.013-0.014 4.6 fb™ 4 — zzZ -0.004 - 0.004 19.6 b’
3 — Zy -0.003 - 0.003 5.0 fb™' — ZZ (212v) -0.003 - 0.003 5.1, 19.6 fb™
, 2 10,009 - 0.009 4.6 b 5 — zzZ -0.005 - 0.005 19.6 b .
h'x100 ] — ZZ(212v) -0.004 - 0.004 5.1, 19.6 fb
4 1
2y -0.001 - 0.001 5.0 fb1 Z — 77 0.013-0.013 461"
— Zy -0.009 - 0.009 4.6 fb- ) ] -1
h4zx1 00 : ) 5 — y4 0.005 - 0.005 19.6 fb 1
Y -0.001 - 0.001 5.0 fb — ZZ (212v) -0.004 - 0.003 5.1, 19.6 fbo"
1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
-0.5 0 0.5 1 1.5  x107 ;50105 0 0.5 1 1.5 ,x10°

aTGC Limits @95% C.L.

aTGC Limits @95% C.L.
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W
e 4 Quartic Gauge couplings in the SM
W, Z,~ W, Z,~
WIWWWW 2277 | WWAZ | WWAA | ZZZA ZAAA | AAAA

Lso. Lsy X X X 9 () (9 (§) @)
Laro. LatrLare Lar sz X X X X X X X Q) 0
Lar2 Lara. Lara Lars 0 X X X X X X 0 0
Lro L1 .L12 X X X X X X X X X
Lrs Lre .Lr7 Q) X X X X X X X X
Lro L1o O ) X 0 0 X X X X
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* Triboson production or Vector Boson scattering (VBS)
phenomena

* |In EFT with Dim-8 operators 19 new quartic terms present




QGC Analyses

n WWy/ WZy

L. 2

. g W q W
— in scattering topologies (VBS) — dibosons >_y_\w >W&\Z
— with tri-boson final states ) , o ”

* QGC limits set on dim-6 and dim-8 EFT operators , o i 5 i i
— dim-6: a% .,(WWyy); kY, . (WWZy); dim-8: f, o; fy,; % fiw - § ﬁ*“ :

« No deviations from the SM expectations: 2 :

in pt spectrum of the photons

For comparison with earlier results the EFT

formalism without SM Higgs ;
g — wewame  —  EFTformalism T vth the SHF Hrg?éesY’ R
e S 7S vy Ry Observed Limits Expected Limits
S e e | TTTRV) < gl A< BTV ) | BTV ) <y A< 93 (TeV )
AR st e 30TV T <y A< 123 (VY | <143 (TeV ) < fy g/ A< 13T (VY
oo s w39 (T ) < iyl A4 AD TRV | 4TV < iyl A< d6 (VY
T e et on v | BOMV T < gl A< BTV | 1TV )< iyl A< 66 TV Y
DN S e e s 0w 19T\ 2 KW /A2 10TeV2  -12TeV2< kW /A%< 12TeV?
wi eman weowt s w -18TeV2< KW /A2< 17TeV2  -19TeV-2< kW /A%< 18TeV?2

CMS: arXiv:1404.4619

Seminar UW 2014

-10°-10*-10%102-10 -1 1 10 102 10° 10* 10°
6/10/14 Slawek Tkaczyk

First limit on dim-8 parameter F ,/A*
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LHC JC.

L. 2

e Vector boson scattering cross section unitarity in EWSB with the
Higgs
14 W 14 14 14 W W

W W W
v/Z A~ H°
v/Z - - —+ :I/OJ:-\,\ - S
W W W

W W 14 W 14 W W

* SAME sign Vector boson scattering with attractive Signal/
Background ratio

q q q q q q

i q 1 q q q
e Deviations in the differential cross sections indicate presence of
New BSM Physics (aQGC, new particles, H++, etc...)
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CMS (preliminary) 19.4fb™ (8 TeV)
T T T T ‘ T T T ‘ T T T T

CMS (preliminary)
T T I T T T T ‘ T T T

J
L. 2

19.4 o™ (8 TeV)

y VB F SGlECtIOn : 5 - Data [ | Non-promp;t § - Data [ | Non-p‘ror‘n;‘)t‘ |
.o %) I =W=jj Wrong sign %) I =W=jj Wrong sign
— Dijet mass: >500GeV £ [@w ' mww " g2 @ e
.. o 1O M wwDPs 4 5 10rm wwops
— Dijet Ay: >2.5 [ [
— Dilepton mass: > 50GeV
— Veto Z and top
— Fakes/non-prompt
remain %OO 1000 1500 2000 100 200 300 400 500
m; (GeV) m, (GeV)
Data W*W=jj Totalbkg. Non-prompt WZ VVV  Wrongsign WW DPS
WE=W= 12 88102 957=x08 42 + 0.8 10£01 03+£01 0.1=+0.08 0.1+0.1
WTWT 10 70+02 31+06 21+06 06+01 02+01 01+008 01+0.1
W-W- 2 18401 26+06 21+05 04+01 01+0.1 — =
* Observed events agree with SM expectations
?;Iﬁzlef:\c,zg.ce: VZBSG Cross section:
c ‘ d'- 3'1 VBS: 0= 4.0+2.4(stat)+1.1(sys) fb
xpected: 19 arxiv:1405.6241 VBFNLO: 5.8+1.2 fb
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CMS (preliminary)

lvvijj

19.4 fo" (8 TeV)

J
L. 2

CMS (preliminary)
\\I\\\\‘\\\\‘\\\\

T ‘1 \9-\4\fb\-1‘ (\8 \T\e\\/)

aQGC |imits Obtaine‘ _CE) 10 — Data g — Observed
~ L — SMF. =00 TeV* o -+ Median expected VBF H™* — W*W* |
from M spectrum £ 600 - 50TV = ool Expected 10 1
] — aGQC F, = +5.0 TeV™* =" Frpecteds 20
Wt U H** OBR limits
5 -
B e b b b b by
200 300 400 500 600 700 800
I Higgs boson mass (GeV)
i <~ 1000 = —
1 | 1 1 ‘ 1 1 ‘ 1 1 1 1 I>
100 200 300 400 500 2 < _ penedsner
[TeV-4] m, (GeV) <r< so0l- Observed 95% CL
rator coefficient Exp. lower Exp. upper Obs. lower Obs. upper Unitarity limit w’ |
P p- uppe ppe ty
Fso/A* —42 43 -38 40 0.016 [@ 8TeV] L
FS:?/A" ~129 131 ~118 120 0.050 i
Fuo/AY —-35 35 -33 32 80
Fuma /A: ~49 51 ~44 47 205 5001
Fye/A ~70 69 —-65 63 160 r .
Frz/ A 76 73 70 66 105 aQGC limits
FTD/A4 —~4.6 4.9 _’4.2 4.6 0.027 _100071 w260w - w160w - wo\w - ‘160‘ L ‘260‘ |
Fri/A* 2.1 2.4 -19 22 0.022 ' ' . 4
Fra/A* -59 70 52 64 0.08 FfA (V)

“+V



Attention to

BEYOND the STANDARD
MODEL

No guaranteed discoveries!

///////////////////// inar UW 2014



squark gluino production
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*Observed limits, theory uncertainties not included
Only a selection of available mass limits
Probe *up to* the quoted mass limit

Summary of CMS SUSY Results* in SMS framework

ICHEP 2014

CMS Preliminary

For decays with intermediate mass,

1
800

Mass scales [GeV]



mary

LQ1(ej) x2 stopped gluino (cloud)
LQ1(ej)+LQ1(vj) stopped stop (cloud) X
LQ2(uj) X2 HSCP gluino (cloud) Long-Lived
LQ2(uj)+LQ2(vj) Leptoquarks HSCP stop (cloud) SerTales
LQ3(vb) x2 q=2/3e HSCP
]

g=3e HSCP

LQ3(tb) x2
LQ?f(rt; x2 neutralino, ctau=25cm, ECAL time
LQ3(vt) x2 2 3 4
4 j+MET, SI DM=100 GeV, A
RS1(yy), k=0.1 j+MET, SD DM=100 GeV, A
RS1(ee,uu), k=0.1 y+MET, SI DM=100 GeV, A\
RS1(jj), k=0.1 V+MET SD DM=100 GeV, A DC”'k Mg-l--l-er
RS1(WW—4j), k=0.1 I+MET, §&=+1, SI DM=100 GeV, A
I+MET, &=+1, SD DM=100 GeV, A
4 I+MET, &=-1, SI DM=100 GeV, A
CMS Prellmlﬂ(:]ry I+MET, €&=-1, SD DM=100 GeV, A
0 1 2 3 4
SSM Z'(t7) :
SSM Z'(jj ADD (yy), nED=4, MS
SSM Z'(b(g; - ADD (ee,up), nED=4, MS Lq rge E.XTI'O
SSM Z'ee)+Z'up) | ADD (i+MET), nED=4, MD Dimensions
SSM W'(j)) : : ADD (y+MET), nED=4, MD
ssMmwqay) | : QBH, NED=4, MD=4 TeV
SSM W'(WZ—Ivll) [ [ NR BH, nED=4, MD=4 TeV
SSM W'(WZ—4j) Jet Extinction Scale
1 String Scale (jj)

Excited :
e (miﬁ) Fermions dijets, A+ LL/RR Compositeness
H q(* (ag; dijets, A- LL/RR

dimuons, A+ LLIM
dimuons, A- LLIM
dielectrons, A+ LLIM
dimuons, A- LLIM
coloron(jj) x2 . single e, A HhCM
coloron(4j) x2 Multijet single y, A HNRCM
luino(3j) x2 inclusive jets, A+
gluino(3) Resonances j

gluino(jjb) x2 inclusive jets, N\-

a* (ay)
b*




* So far Higgs boson consistent with SM within the current uncertainties

* Open question remains whether the Higgs is the only responsible for
EWSB

* Answers from studies:
— Higgs properties
— Direct searches for other Higgs bosons
— Study of longitudinal vector boson scattering

Atoms
Dark
4.9% Enefgy
* Dark matter 68.3%
Dark
— interacts gravitationally Matter
26.8%

— no light emission
* Next new particle ?<=>? Dark Matter
— Could be produced at the LHC

Energy-Mass of the known Universe

TODAY
6/10/14 Slawek Tkaczyk Seminar UW 20



* LHC upgrades and the experimental program

on TOP of the priority lists

— European Strategy report May 2013
— US Particle Physics Project Prioritization Panel (aka P5) report May
2014
e Science drivers to be pursued at the LHC
— Use the Higgs boson as a new tool for discovery

— ldentify the new physics of dark matter
— Explore the unknown: particles, interactions, and physical principles

6/10/14 Slawek Tkaczyk Seminar UW 2014 51



Phase 1 upgrade I
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AN eY

: 2022 - 2023
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>2024 High Luminosity LHC
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* New possibilities of discoveries of Beyond-SM physics
— Higher energy, cross section and luminosities
— But also ... higher pile-up, higher trigger rates and data volumes

* Detector improvements to match the LHC challenges:
— trigger, calorimeters, muons, pixel vtx, tracker

* Run 1 (2010-2012)

7 and 8 TeV CM energy
Luminosity: 7x 1033 cm2s?
Pile up: 25 events

Integrated luminosity: 30 fb!

6/10/14 Slawek Tkaczyk

Seminar UW 2014

 Run 2 (start in 2015)

13 TeV CM energy

Luminosity: 16x 1033 cm2s!
Pile up: 25-50 events
Integrated luminosity: 300 fb!

53
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Safety First, Quality Second, Schedule Third

The First beams starting on 9t March 2015
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lution #

* Maintain sensitivity for discovery and precision measurements at low
pr under severe conditions

 CMS Upgrades driving considerations
— Pile-up: <PU> ~50 by LS2, 60 by LS3; 140 in HL_LHC with lumi 5x1034cms
— Radiation damage: light loss(calo) and increased leakage currents(tracker)

e CMS detector improvements and upgrades:
Phase 1(LS1,LS2), Phase 2 (LS3)

— Regular maintenance /improvements
— End of hardware support (FPGA) replaced with more powerful components

— Replacement of components and subsystems subject to accelerated aging due
to radiation effects

— LHC performance well above expectations: ~1x103* cmstin Run 1
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Interactions per Cros

Reconstructed 78 interactions over 10cm
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L, 3
Path g

ST
2013-14

LS1 : Prep CMS for ~13 TeV, >1 x 103*Hz/cm?, <PU> >25, 25ns bunch spacing
» 4t Endcap Muon station, improve readout of CSC ME1/1 & DTs

* Replace HCAL HF and HO photo-detectors

e Tracker operation at -20°C

* Prepare for further Phase 1 upgrades

Phase 1 upgrades: Prepare for 1.6 x 1034 Hz/cm?, <PU> ~40, <200 fb by LS2,
and up to 2.5 x 103*Hz/cm?, <PU> ~ 60, <500 fb! by LS3

* New L1-trigger system (Calorimeter - Muons - Global) (ready for physics 2016)

* New Pixel detector (installation in technical stop, start of 2017)

 HCAL upgrade: photodetectors and electronics

LS2
2019

4
LS3
202325 | .

Phase 2 upgrades: 2 5 x 1034 Hz/cm? luminosity leveled, <PU> 2 140
Reach total of 3000 fb! in ~10 yrs operation
* Replace detector systems whose performance is significantly
degrading due to radiation damage
* Tracker (pixels and strips), Endcap calorimeters
* Maintain physics performance at this very high PU
* Trigger, electronics, enhanced tracker coverage




ring LS1 #

Detector: numerous repairs and improvements
— HCAL, (new photo-transducers),ECAL, Muons, Tracker, Pixels

— Beam Instrumentation (Pixel Luminosity Telescope, Beam Loss/Condition Monitors
— New DAQ2 and Timing and Control System

— Online/Offline Software updates
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s during LS1

08/2014

* New reduced diameter beam pipe installed for upgraded pixel
detector installation in Year-End-Technical-Stop 2016
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- 2018 JC.

L. 2

{ Wyt isolation in tf, 10< p_<20 GeV |

— Concerns: 101 — Np,0to8
* gain degradation, discharges, radiation darkening e :PU s to 124
* Performance with pile-up: fakes, isolation, leptonID g — Npy 16 to

— Solutions:
* Adding depth segmentation 100}

— Radial correction dependence

— Better separation and matching to tracks e e e e s ,...;‘;
* Adding Time information (TDC) 8
— Veto pile-up HCAL 2
o . . ECAL ?
Plxels- Tracker ; § g
— . A .
Concerns: benth 3 > E
* Inefficiency and radiation damage etz ? t
— Solutions: gL 7 £
ECAL
* Extra-layer and reduced mass Treicker ! iy
. : n
° T”gger: Current Pixel Detector Upgrade Pixel Detector
L[/ r—— ' ' 10 oL
— Concerns: e
* Inadequate to handle higher rates/pileup el \\ g
— Solutions: g‘”' \ r -
* Rebuild with high bandwidth optical links, FPGA : _ \\ 1% =
and improved trigger algorithms g oo I\ F .
& x
75 ['measurement W\ -
) - v\
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* GEM Glass RPCs

/ 8
* Extended m co /

*New DT minic 3 es

Trigger

\

*New FE and®RO
*L1uptol MHz
*HLT up to 10 KHz
*Tracking at L1

ndcap
eters

6/10/14 Slawek Tkaczyk



* Tracker:
— Higher granularity
— Less material
— Radiation tolerant

— Provide L1 trigger info at 40MHz

and p:>2 GeV

e Pixels: 100um thick

— 4 barrel layers
— 10 disks coveringup to |n|=4
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“stub”
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1mm[
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X

J
L. 2

5 cm long strips (both sides)
90 um pitch

P=272W

~ 92 cm? active area

2.4 cm long strips + pixels
100 pm pitch

P=5.01W

~ 44 cm?2 active area

pass fail
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ENDCAP with "Shashiik"calorimeter ENDCAP with HGCal
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* Si-High-Granularity-Calo extends Tracking into Calorimeter
— Good cluster energy resolution, with detailed topological information
— ldeal for Particle Flow reconstruction in a high density environment
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e: HGCAL &

L. 2

\  structure

Si Wafers

* Power:
— Barrel: ~100W/m? (300um sensors and ~cm? cell size)
— End-Cap: ~250W/m2 (100um sensors and ~0.5cm? cell
size)
e SiOperating temp.: -30C (-35C if possible)
e Data transfer rates:

— ~1to 8 Gbps/Module at high |n| / ,_,Mf / ”/ Sua{uﬁe;
Printed oy

Crcot Board Caving poe o8
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 Good energy resolution -

W (2.5mm)

* Fine granularity
e Capillary WLS
LYSO(YE3) crystals

/" LYSO (1.5mm)

Coupled to gip LYSO Plates W Plates
M l (14X14X1.5 mm) . (14X14X2.5 mm)

4 Y-11 WLS fibers

Monitoring fibe
S  beam dump




2014

P

2015 2016

Technology R&D

TDRs

2017

Technical Design

Prototyping
!
Engineering Design

R&D funds

2018

2019

Target to optimize detector designs, validate
technical solutions and consolidate costs

Pre-Production

de Plan

2020 2021 2022 2023 2024 2025

Production / Construction
I I l
Installation

Commissioning
I l |

CORE funds
: | | | |
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J
L. 2

 LHC Run 1 provided many interesting results

— led to the discovery of a Higgs boson and the first measurements of its
properties

— Higgs boson compatible with the Standard Model
— other physics results show no deviations from the SM

* Understanding of the EWSB and searches of new
physics will benefit from the future LHC runs and
the Detector upgrades.
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Additional Slides
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during LS1

* New Shielding walls (disks) YE4 installed in both endcaps
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J
L. 2

* HXSWG prescription: arXiv:1209.0040
* Assumptions:

— Narrow Width Approximation: 0 x B, = o x I, /T,
— parameterize deviations from the SM in production, decay and total width
— SM modifiers: K.?=0./0;>M and k.2=I"./T"; °M

Implies precise knowledge of the SM predictions

* Probing beyond the SM physics effects:

Simultaneous fit of all couplings with assumption on the total width
SM only or new physics in the loops or width (with H invisible decay)

Search for new physics in loops: K, Kg BRgsm
H coupling to fermions and V bosons: K, K¢
Probing asymmetries: K,,/K,. K /K4 l<|/1<q

Overall scaling of signal strength: U
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nstruction

M
i HCAL :
A, . . ~
: : eaitn Clusters
mm .
hadron . . detector ~
& Electron
p ECAL
P \ surface
A \ }ag.lectronCIuster
<_ particle-flow —

N )
Exploitation of CMS granularity and high magnetic field Bremcuusj%\{\“ ------------ odshs [iZLaSEgts
Optimized combination of information from all subdetectors \

Lists reconstructed particles: €,W,Y, charged and neutral
hadrons Tau

Used in the analysis like MC generated particles >V T>av TP

4
S I\ < i = 7
-y i

Used as building blocks for Jets, t’s, Missing Transverse
Energy-MET, Isolation and Pile-Up particle identification 3 Pr}ong
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