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Due to time constraint, will and can
only focus on some recent progress
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2010-2013: PKU Higgs Projects

Higgs Search 200-600GeV
VBF Invisible Higgs

Qtag

é'

Qtag,2

(1) CMS PAS HIG-12-046 (HCP 2012)
(2) CMS PAS HIG-12-021 (ICHEP 2012)

(3) CMS PAS HIG-12-003 (Moriond 2012) Eur. Phys J. C74 (2014) 2980
(4) CMS PAS HIG-12-034 Eur. Phys. J. C73 (2013) 2469

Extensive collaborations with CERN, Milano, Fermilab, UK colleagues
Personally responsible for QCD Wjets data-driven estimation



JHEP 1510 (2015) 144 JHEP 11 (2016) 147

A big Jet

New Phase space or topology
bring new problems or opportunities!

« Going above 600 GeV, W starts getting boosted
« VBF W2Jets play role at large Mjj region
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https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsSMP13012/Diagram2.pdf

PKU Di-boson New physics: 9 Analyses

g

©

PN RN~

W-tagging:
Heavy Higgs:
WW:

WH.:

2015 WV
2015 wv
2016 WV
SMP-13-008

full 2016 WV

<L

JHEP 12(2014)017
JHEP 1510 (2015) 144
JHEP08(2014)174 :
EPJC76 (2016) 237
arXiv:1705.09171
B2G-16-004 0.6-1TeV
B2G-16-020 0.6-4.5TeV
arXiv:1703.06095

B2G-16-029

Anomalous WWV coupling


https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsEXO14010/WHDiagram-2.pdf

PKU SM Multi-boson: 6 Analyses

First Measurement/Evidence/Discovery

1. WVy PRD90 (2014) 032008
2. VBF W+2Jets, JHEP 11 (2016) 147

3. VBS Wy+2Jets, Accepted by JHEP
4.VBS Zy+2Jets, To be published at PLB

5,6 QCD Z+Jets,

12


https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsSMP13009/wwaa.pdf
https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsSMP13012/Diagram2.pdf

VV Resonance Search in a nutshell

g

14

VV, VH, HH resonance motivated in many nice models
Extra Dimension, Composite Higgs, Little Higgs
Spin-0 Radion/Higgs; Spin-1 W’/Z’; Spin-2 Graviton

Semi-leptonic channels: High rates, reconstructable spectrum
Huge QCD Wijets bkg, data-driven estimation

V/H highly boosted: Jet substructure and/or Subjet b-tagging
TTbar control Region, Scale Factor

13


https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsEXO14010/WHDiagram-2.pdf

WW/WZ — fvqq

Events / ( 50 GeV )

Events/ (100 GeV )

CMS-PAS-B2G-16-020
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Tri-boson and VBF/VBS: Discover SM!

V1
Qcc V1
V2
v V2
V3 /\
~0(1-10)fb

* Rare processes, Crucial test of the SM:
e.g. on the non-Abelian gauge symmetry part of the SM

« Important backgrounds to Higgs and new physics
searches

« Sensitive to anomalous Quartic Gauge Couplings

Indirect probe on new physics
Much less studied compared with aTGC

15



VBF Wjj CMS, 8TeV

arXiv:1607. 06975
Accepted by JHEP

® EWK Wjj simulated by MG at LO,

combined yjjand ejj 0.42 = 0.04 (stat.) = 0.09 (syst.) = 0.01 (lumi.) pb

: B NS e
: : g 400 Preiminary o 2 e .
QCD Wijets from MG MLM matching & v ™™ T I e =
1000? e wadets i 1000? Eﬁfﬁm -
® DATA-driven QCD Wijets
normalization from BDT control ok ER S 4 %, E
E% %‘E : rvf%lq‘r‘r";uﬂ“l"g—{uﬁ}mltw ; %E % +“I‘*{Lﬁ'¥?‘f§% it gt e
Si g n a-I eXtraCted fro m u n b i n n ed m aXi m u m ’ ) %EB 0.2 0.1 1] 0.: ;2 03 _0.; 0.5 ; ) -§O3 -0.2 -O!.1 I; 0.1 m0.2 10.3_ 1_0:! 5
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Floating QCD Wjets shape N S L R
@ 10°ECND ., B EWK Wa2Jets T
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F 1[]' g = Top . _
— — 3 Zly | + Jets J
o +H1Fﬂg{m,f,ff5m” - 10 | Dibc;}c:ns E
@
> 10° 5
L] 3
Event category Measured cross section 0 T
Hjj 0.43 = 0.04 (stat.) = 0.10 (syst.) = 0.01 (lumi.) pb =
€] 0.41 £ 0.04 (stat.) = 0.09 (syst.) £ 0.01 (lumi.) pb

1000 1500 2000 2500 3000
m; (GeV)



Feng Wangdong Zhang, Zhaoru Zhang as Analysis Contacts

® QCD Zyjj

® Jet/Electron Fake Photon

® Jet fake Electron:

® Signal Extracted from binnec
Mijj fit [400-800], [800-] GeV

Two Opposite Sign Leptons

with PT>20GeV EW °
Photon PT>25GeV 3
Two Jets with PT>30GeV rrnnndinnannanne 3
70GeV<mil<110GeV

rmmrsamanndraananans 4

First Evidence!

fiducial cross section of EWK
0.89 0.41
1.867 52 (stat.) 55

(sys.) = 0.05(lumi.) fb,

MADGRAPH 1.26 + 0.11(scale) 4+ 0.05(PDF) fb

Events / bin

o

- - (8] W I 3] @ =~ 1] ©

Events/100.00 GeV

CMS-PAS-SMP-14-018
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VBS WYi ] Daneng Yang and Analysis Contact

CMS-PAS-SMP-14-011

2

® Main Bkg from Data-Driven
QCD Wyjj: MC Shape + DD Normalization
Jet/Electron Fake Photon
Jet fake Electron
® Signal Extracted from binned Mjj fit
® Dominate Systematics:

CMS  Prefiminary muy+jets 19.7 fb7! (8 Tev)
T — —

JES & JER £ a2
Jet Fake Photon 2 Egggnsmﬁmons

mEWK Wy+2Jets
2z Uncertainty Band

QCD Wwyjj prediction

10

Signal: larger M;; and |An;;|

® lywy — (yj1 +y;2)/2.0[ <06, = ,
o [APwodijer| > 2.6, ié 3
. Mff > 700 GeV, 8 § *Eoto 1000 1500 2000 7500
e [A5(j1,j2)] = 2.4. M, (GeV)
[tems EWK measurement
i 1787076 18

EWK fraction (search region) 100%

EWK fraction (fiducial region) 100%
Observed (Expected) significance Qﬁ?{ 1.52) D

Theory cross section (tb) 6.1 £ 1.2 (scale) £ 0.2 (PDF)
Measured cross section (fb) 10.8 + 4.1 (stat.) + 3.4 (syst.) £ 0.3 (lumi.)




Anomalous Quartic
Gauge Couplings

30 September -

acc 2 gotoher, 2%
V2
V3
August 2015 CM3 —
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aQGC Limits at 95% CL (TeV ) 19



CMS Detector

ECAL Scintillating PBWO4 CALORIMETERS

SOLENOID
B=38T

HCAL Plastic scintillator
— Brass

MUON
ENDCAPS
MUON BARREL : :
Pixels £ g A i
Silicon Strips —ree T | e NG B
1 2;/7/_.!' : ____,7.{, ! " strips
> Drift Tubes  Resistive Plate ~ Cathode Strip
V\{elght. 12500 tons (DT) Chambers (RPC) Chambers (CSC)
Diameter: 15 m

Length: 21.6 m PKU v [



PKU has been contributing on RPC since 1998
1999-2002 PKU made RPC passed the beam test at CERN
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CMS Phase 2 Upgrade
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PKU joined GEM R&D for Phase 2 Upgrade

PCB, DAQ, Cosmic ray test, Beam test, Assembling,
Small/Big size mass production, Software

» Phase 27+ 2% N [E|G EMTE B 25 57 1]

g T
> | . i
AT R A MR ECGE . RRET A, CMSH B n R : - W f‘L‘ Ta
FAGEMBEA. JEHKF009EMACMS-GEMA, #FTH & < \j SN |
WA, HENK, AR R RELE: N F !
Phase 20 BEFH R AFE% . - |
o e ee.0TBX k
= e OSC =
o —REC
- — GMT ‘
& .u...u.‘la..‘l'sl,."n..‘

Mg tumhz)s

CMSISHEMY EHNCSCHIRPC BEMBHER, A58 HUG G4 0 e (X A 07%,
After the full RPC+CSC trigger system completed, the efficiency will reach
97% in all area.

GE1l, GE2IFMB LRI,

GEL1 b3 AEiR{Y il. Beamtest of the GEL/1 prototype .
Installation position of the GEL/1 and GE2/1. ARBDR I, e
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Software Projects

MET Performance at Runl Chayanit, Dayong
JEC at HLT at Runl and Run2 FWD Zhang, Qianming Huang, Qiang

Events / (5 GeV/c?)

W-tagging Zijun Xu, Wei Zou, Huang Huang, Qun Wang, Qiang
GEM Seeding for STA Muon Qiang, Jing
CMS Monte-Carlo Qiang, Meng Lu, Junho Lee
_ CMS Preliminary, 23 fb'at /s =13TeV. W u v
-ti DsingleTop
250 [l wwwzzz Bl w-iets .
® data = e MC fit
200 —daz+fit | .
i |
150} I
i |
100} I
s0f

40 50 60 70 80 90 100 110 120 130
pruned m (GeV/c?)
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Interesting Topics Ahead

Machine Learning and MEM

A MLP with a single hidden layer can approximate any continuous function on a
compact input domain to arbitrary accuracy provided the network has a
sufficiently large number of hidden units.

- Use one/three/five MLP(s) to solve the input of MEM

ttZ sample
Output of the NN are the 5
Aot ) ) missing inputs to the MEM, as
< Reco-level kinematics unknown observables needed to
% as input of Neural constrain the kinematics
Network o From the hadronic top
(to be optimized) « the energy of the b quark
+ the mass of the W boson
— :
— " From the leptonic top
. * the energy of the b quark
Anomalous Heavy Higgs «the mass of the W boson
« the @ of the neutrino
PRD90 (2015) 115002; 1505.07695; 1506.08007 Sy
Yu-Ping Kuang, Hong-Yu Ren, Ling-Hao Xia
Read Ntuple ——
Phase space, ME
-—————» Reconstructed lepton, = squared, transfer function
jets information calculation
: l
dd, -n“(p‘,’ +p5-Y p;’) S pe)fGxa,pe) | |M_‘(p,’(‘)i- CW(D|D,) The MEM weight
-~} X1X28
3
4
5

More SM discoveries
e.g. VBS 5o 25



Backup
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LHC speeds towards collisions

Peopie T e, 23 November: atom-smasher aims fr

The Peking University (China) in CMS

Representatives of PKLULCP L CERM @
The Peking University ( PKU]%ZSHEHT Im
member of the CMS collaboration since 1996.
Currently consisting of 3 professors, 3 engineers
and technicians and about 10 PhD students, the
group has been heavily involved in both hardware
and physics analysis. As part of the RPC project,
the group shares the work on the R&D, assembly
and testing, installation and commissioning of the
RPC detector for the CMS Muon Trigger System.

The RPC performance has been studied with cosmic
ray data and the RPC seed reconstruction has also
been developed by the group. In the CMS physics
programme, the group's interests include the study
of the production mechanism and polarization of
heavy flavor quarkonium 1/ and Upsilon in the
high-pT region, a feasibility study on the search for
a SM Higgs Bosons in a close collaboration with the
Fermi Lab and INFN, as well as Top Physics,
forward Physics and b Physics.

maximum power in 2010

The LHC re-started in earnest on a foggy Friday
20th November 2009,

The first step was to pass beam 1 (the clockwise
one) around the full ring, proceeding
systematically sector-by-sector.

Af 19:19 the beam reached CMS producing
"splash" events of muons from the beam striking
the collimators. These were seen by the
calorimeters and muon detectors; the tracker was
switched off. By 22:10 the LHC operators had
"captured" beam 1 with the Radio Frequency (RF)
system and circulated it for severallnutes - the

23 55 fnllnwe by RF capture This capturing
was scheduled to take about eight hours per
beam but in fact (for beam 2} took only 10
minutes, a real testament to how well understood
this incredible machine is.

The successful re-start of the LHC was declared in
a CERMN press release (see "The LHC is back").
Splash events and then beam halo events
{essentially muons accompanying the circulating
proton beams) were seen by the event display
programs by the teams at P5 and the CMS
Centres at CERN (Meyrin)} and Fermilab.

Circt dimeml—asn Frooma | LIS ¢

moina oo Eoidoogs LoFE =

LHC and CMS. If you see any other reso
vou think would be of interest to other C
readers, please send them to:
cmstimes@cern.ch

CMS Spokesperson Jim Virdee signs a
champagne to commemorate the first co
in CMS, whilst Tiziano Camporesi (CM5
Commissioning Coordinator) proudly sho
900 GeV collision event candida

This decision paid-off on Monday when,
end of a long difficult day, the LHC circu



