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CMS@II:EI%% CMS : EfF15m x && 22m

(ATLAS : E1% 25m x £& 44m)
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I Start Run 2 (May 2015)
I End Run 1 (Feb 2013)
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CMS magnet (cryogenics) issue

2

Solenoid coil
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Selected physics results @ 13TeV 7

http://cms-results.web.cern.ch/cms-results/public-results/
preliminary-results/ (preliminary 7% £)

http://cms-results.web.cern.ch/cms-results/public-results/
publications/ (publications)

« Charged hadron multiplicity v.s n (FSQ-15-001) | soft-QCD
 Di-jet bump search (EXO-15-001) Hard-QCD
« Ttbar cross-section EWK
— Di-lepton (TOP-15-003)
— Semi-lepton (TOP-15-005)
— Differential (TOP-15-010)
« Single-top (TOP-15-004)
« Ridge analysis (FSQ-15-002)
« W, Z inclusive cross-section (SMP-15-004) High mass
« W’, Z'search (DP-2015-037, DP-2015-039) EWK




arXiv:1507.05915

Charged Hadron multiplicity v.s n

« 13 TeV IZHITHHDFHI (T—FEVEHEM - 1.505E)
e <u> ~5%, B =0T (low p; @ charged hadron |2 E)
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CMS PAS EXO-15-001 9

di-jet resonance search

9. 9 g, 9

Minimum bias
7

o(13TeV) / o(8TeV)
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CMS PAS EXO-15-001

di-jet resonance search

2 jets (pr > 60 and 30 GeV) & IAn;| < 1.3 (t-channel Z suppress)
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Mass Limits (TeV)
Model Run 1 (20 fb-) Run 2 (42 pb™)
Observed | Expected | Observed | Expected
String Resonance (S) 5.0 4.9 5.1 5.2
Excited Quark (q*) 3.5 3.7 2.7 2.9
Axigluon (A) / Coloron (C) 3.7 3.9 2.7 2.9
Scalar Diquark (D) 4.7 4.7 2.7 3.3
Color Octet Scalar (S8) 2.7 2.6 23 2.0




ttbar cross-section

« FBERETE + [FEAEDYEERIZCEWNTER
— 04(13TeV) ~800pb > 1Hz @ L = 103* (/cm?s) - Top-factory

- Di-lepton, leptonic + jet Z{F F

¥

« Opposite-sign e + muon
(pr > 20 GeV)
« =2jets (p;>30 GeV)

—>

42 pb™ (13 TeV)
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W', Z early look at 13TeV

48 pb (13 TeV)
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Spectacular ee event

CCCCCCCCCCCCCCCCCCCCCC

22222222222222222222222222
ssssssssssssss

E; 1260 GeV 1280 GeV
n -0.24 -1.31
[0) -2.74 rad 0.42 rad

* Run-1 @ upper limit: 0 =4.4fo @ m,, =3TeV
charge i il e (HLIEBLLIX) 42pb! T 1event > o=241b

mass 2.91TeV / additional %% event (X% 100 pb! FTHAWMIT
cos 0’ -0.49

\

Colins-Soper angle A\ negative (DY bkg. [X:@& positive)
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Tau ID plays an

TT

S / (S+B) Weighted dN/dm_[1/GeV]

JHEP 05 (2014) 104

15

important role

CMS-PAS-HIG-14-029

CMS Preliminary h,H,A—tc 4.9 fb™ (7 TeV)

1000 -

Run-1 : Tau ID efficiency

Run-2

M-Ch’ eThs Tl eu

CMS, 4.9fb" at 7 TeV, 19.7 fb™' at 8 TeV
N L] L] L] L] I L] L] L] L] T

Ll
40F SM H(125 GeV)—t

20

-20F

40k

)

~_~~] SMH(125 GeV)—tt
—@— Observed =
]z
C+

[ Electroweak
] aco

100

200 300

m_ [GeV

=0\ ID efficien

bl | ' 1
——— h A, H—>1:1:
E MT Observed
RE

-19'* ?‘/%f% 7w

[ Electroweak

—Jacb
@ SM H(125 GeV) —

7277 Bkg. uncertainty

h .
MSSM m. 4. scenario
m,=350 GeV, tan=30

10"
107
10°
10
] 102 10°
m,. [GeV]

: 50 — 60% @ 1% fake rate
cy @ TEAHTZIHELY fake rate

=L EB) SR

% T ID efficiency Z{&R#L1=L>



Run-112311% v, ID @ CMS
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Isolation eff.

Performance D=

0.8

Isolation efficiency

+ Dynamic —'— Standard (run-1) VBF
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Why Higgs CP is interesting ?

« SM:1DMDEyT RHF, CPEIFIKEE, CP even
« BSM model
_ MSSM : 32 MEvs Z$F, CPEAIKEE, even (h°, HY), odd (A)
« —HRRYIC
— BOhvozev I RAFIETLE CP EFIKRETHAINELL
> CP even & odd A mix LT=IREEEL THTE

|H) = cos ajeven) + sin ajodd)

T SM:a=0
<~ CPodd:a=m/2
L Max. mixing : o = /4

o . CP mixing angle

CP OAIE (EREADAITE) = HTLLWMIE DR EIHRR



What do we know about CP ?

e« EvIRAKFDAREBEZED
— H->yy:C=+1
— ZZ, WW, vy IZBEITH5EFFEM MO HFED JF e REEE

CMS V\s=7TeV,L=5.1fb";{s=8TeV,L=19.7fb" CMS =7TeV,L=5.11b" 8TV" 197“’
m 9:""IH"I""]""l""I""]""l""l""]""j }2 T llllllIYYllllll‘-.I“II T !
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L 7t mzzze 4 @
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1 Higgs = CP even (?)
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This is not the end of the story

— ~ — ~
L= Z z
CP even m2 _ CP odd .
cos(a) <L _ . _ _thﬂvu ~+ Sin(a) < — — > Vi, VI =
v

___________________________________________

A DKEWVGEES (ZEORIBEMEMNFLY),
CHDIEOFEF al2FESHT ~0

=12 #)7; Data DR fIZIE “CP even” DEF G LMRLL
- Hypothesis test [£%IZ CP even % favor (shape analysis !)

Signal rate (u-value) M5 o [T L THIBEZDIFHZELTEEZA
Signal rate o< f(a, A) TN T A DIREHMLE (model dependent)



On the other hand — fermionic coupling

L=

« CPeven® odd % tree-level T ff (S TE=5

CP even

w— — Y— w—

f

m —
—Lnfif
U

>+ Sin(o) <

—
CP odd
-

— CPeven £ odd £ &E 7GR MICRIFICHEE
 Hypothesis test > NP [Zx19" % assumption %ZLIZ CP %
probe TE% (model independent)

+=A,
A nfA

Evd RFLFD CP (X, fermionic coupling Z#{E5~XL




Fermionic coupling %,

Tau polarization %

1WVSF &

H->ttIZTHELVT. tau BEIEEER D

AEE AN ZRS

(high pileup TlE4FIC

Gluon fusion + 2 jets %
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1LV5 5% (1 want to do this)
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Gluon fusion + 2 jets includes
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‘not-interesting” events

CPOIE#HZ%E
D

CP D&F#R

g o et A A
(B35

gluon splitting)

0.04
0.03F
0.02f
0.01F _

- ggH + 2jets
0.00b——b——— L

A(ij)
CP odd CP even

0.03F
0.02f

0.01F

L AR, >0.6
- m; >200 GeV

1 « VBF-like %

] selection NRLY
|« HY. VBF-like IZ
155FE gluon-
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0.00L—



Feasibility study using H > tct

Tt : 2 jets phase space T
=L SIN TEYT RRFERT TED

Obs. u-value (run-1) @ 2 jets

H - vy 1.514 +0551 | .
H->WW 0.623 +0-593 o
H-> tt 0.948 #0431 o
£ T fermion coupling H->ZZ 1.549 +0993 | .

Run-1 [ZEI1F5 H > tt &FEIL event selection
> 2 jets = leading, sub-leading #{#>T A¢(jj) Z5t &

VBF-like 7% selection Z M+ T gluon splitting M H R % Fx<
— AR(jj) > 0.6, mjj > 200 GeV
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Sensitivity check using run-1 data

0.3,

E _ Z > 1t 20 b1

S 0.25} ttbar 8TeV

E i

S ., EEEwKW L
=z 0.2

0.15. SM Higgs (ggH + VBF)
- x20
0.1 \ VBF

0.058--

Significance

4.5 Higgs signal :
(750/0 VBF, 25% ggH)
Data : blinded

SM (a=0) v.s. ¥< 7% o T
TF—A% fit > RERTE

PRD 90, 073008
(2014)

1.6

(0

pure CP odd & 20 TEA[

IHEAY7%E detector simulation T study



Future projection

Significance

—i
N

—
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—i
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o N OB~ O 0

50 fb1, 14TeV

L 50 fb™' 14 TeV

PRD 90, 073008
(2014)

0/

1 12 14 1.6

o> 0.9 rad # 30 TEH]
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FEH

« CMS is in full swing (except for magnet)
— Highly operative after upgrade (both h/w and s/w) during
long shutdown period
— Cryogenics issue is still there but believed to be solved
soon

* New tau identification is developed and will improve
physics performance with tau in run-2

« Higgs CP property can be a nice probe for NP
— Fermionic coupling will allow model-independent
measurement of the Higgs CP property

— Feasibility study using run-1 data with tr final state
suggests that run-2 data will provide interesting results



