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2011.9-2013.9 faiJr

VBF Invisible Higgs Search: EPJC 74 (2014) 2980

O 9p442013.7 Pre-approval
Z=5R 11 T W+lets A JiE ) Data-Drivenfti if, TAEHZ kIR &

Heavy Higgs H ->WwW —lvjj  CMS-PAS-13-008
JEREANKEME, $&FE2013.3 Approval
Zx5m 71 51 Interference, 5 SHEARRIIEE, TARHEZ RIRE

EXO-WW CMS Jet-Substructurefz 543472 — JHEP 08 (2014) 174
X1 12013.7 Pre-Approval

Z2R 2 552012.7 Kick-off< i, WIGFEFFHESE, W-tagging RE

WWA LHCLEE— A=A FIWE  PRD 90, 032008 (2014)

#KHE 2013.7 Approval
R TINLO MCZAE T, RFEMEZSHA, (5 SRR

‘ SMP EWK/VBF & EXO-VV



2013-14:

CMS B2, 55477 B0 &

Standard Model Production Cross Section Measurements s i 2014 %1:

total
Z LHCpp v5=7TeV
total - theory
n data
tt Lo stat only
lotal stat+syst
tt-dunnel

ol LHC pp ys=8TeV

WW theory

total o data
YY stat only

fiducial

Wt

total

Wz

total

44

!o_raf
tty
fiducial
Wy
fiducial, njet=0
Zy
fiducial, njet=0

ij EWK

fiducial |

I

ATLAS Preliminary

Run1 \5=7,8TeV

Production Cross Section, ¢ [pb]

20.3

data/theory

arXiv:1401.7610 [hep-ex]

Reference

CMS Preliminary

Feb 2014
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¢ 7 TeV CMS measurement (L <50 fb'1}
48 TeV CMS measurement (L < 19.6 b
—7 TeV Theory prediction

—8 TeV Theory prediction

ZCMS 95%CL limit
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Th. A, inexp. Ag

&N

Only at Powerful LHC, it is possible to test ‘Rare’ SM Processes:

EWK V/VV+2Jets and Triple-V; Benefit VBF measurement;
Sensitive to anomalous Quartic Gauge Coupling (aQGC)




B IRWIIRIVBE W +2JetiX AN 18
CMS-PAS-SMP-13-012, AN-2013/123 FEREZ—

Simplest SM VBF Process >50

<+ JLRANEMFTHITAE
< Two well separated high-Pt forward/backword jets with large Mjj
< Low central hadronic activity

©
i
=
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-
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S

CMS pPreliminary el+jets
e

> T _.l_ [I)alla T T | —]
u u 8 10° I Wiy + Jets =
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8 W Ziy I + Jets 3
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zZ ] 8 —Qco |
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= I EWK W+2Jets 3
.03 %% Error Band n
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w 21531 E
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1. BDT to estimate main BKG: QCD Wjets 10
2. Fit Mjj to extract Signal Strength
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B IRMEVBF Wy +2]Jet

CMS—PAS-SMP-14-011, AN-2013/314

SRR

Lol

2nd SM VBF di-V Process
ATLAS/CMS VBF same sigh WW  arXiv:1405.6241, 1410.6315 3.6/2.00

¢ PKU controls this project
» Sensitive to aQGC PKU help build the aQGC parametrization

W W
a vy 0 : WAL
Laoce = émfﬂf + 4; WE+Y «"WF + Lo+ L1+ Lo
- i

 Jet Fake Photon Data-Driven Estimation

e QCD WAlets Data-Driven Estimation | 14 Y

P

Preapproved by Daneng Yang in 2014.9;
Daneng Yang is the Analysis Contact and Note Submitter




aQGC World limit
JEXRZG - FEHESER

CMS-PAS-SMP-13-009; arXiv:1404.4619

same-signWW _ _ __ Wy ..
LEF L3 T EWKWysZlets
Do —tmemm CMS vy =WW ...
Anomalous Quartic Gauge Coupling limits @95% C.L.  Channel Limits L s
— - Wy [5782257822] 0.4f" , 020TeV
1T = WW [1657.1657] 370" 196 TeV
£ IALT V’d Wvy [77.81] 1531:: B0 TeV
"_"F e same-sign WW  [-35,35] 19407 80 Tev
Wi+2Jets [-30.30] 193" B0 Tev
I P 1Y = WW [15.4,15.4] 505" 70 Tev
. Wy [100226,185033F] 047 020TeV
1T = WW [-5782.5782) 970" 196 TeV
Wvy [123.131] 193" B0 Tev
17 — WW [-57.8.57.8] 5057 70 TeV
same-sign WW  [-49,51] 194k 80 TeV
Wi+2Jets [41.45] 193" B0 Tev
, WWy [28911.28911] 04" 020TeV
1T = WW [ 828, 228] 370" 196 TeV
Wvy [-28.5.40.4] 505" 70 Tev
17 — WW [77.77] 505" 70 Tev
Wy+Zlets [0, 10] 193" B0 Tev
- Wy [-20000_20000] l:ll.-lﬂ}"_‘ 0220 TeV
1T = WW [-430. 430] 970" 196 TeV
Wvy [61.6.65.5] 1937 80 TeV
1T = WW [-28.9.28 9] 505" 70 Tev
Wy+dlets [-16.17] 193m° 80 Tev
WVy [25.24] 193" 80 Tev
same-sign WW  [-2.1.2.4] 194" B0 Tev
WysRlets [22273] 193m" 80 Tev

-10° -10* 102 - 11 10% 10* 10°



BIRMEVBF Zy +2]Jet

CMS—PAS—-SMP-14-018, AN-2013/316

CERRZ =

Lol

3rd SM VBF di-V Process

** PKU controls this project
»* Sensitive to aQGC PKU help build the aQGC parametrization

Jet Fake Photon Data-Driven Estimation
QCD ZAlJets Data-Driven Estimation

d 7] ¥

ur
% o ‘11114,'1&
W Ziagx /!

W !
f
,s%é f
u a u o u
(&) Bremsstrahlung (B} VBF with TGC (c) VBF withQGC

To be Preapproved by end Nov, 2014;

FengWangdong Zhang is the Analysis Contact
Qiang Li as Note Submitter




2013-14: CMSXUH & TFH RILTBESTIR

* We joined CMS EXO-VV group since 2012.7 j,rrL _
 We contributed a lot on W-tagging and EXO-WW Al
* We are also authors in EXO-ZZ and other notes 99994’9 “’HT’H :

X>WW/WZ >1+v+]
X>IW/ZZ > 1+1+]

| :r E

X->WW/WZ/Z2Z -]+

JHEP 08 (2014) 173 %ﬁ‘%ﬁ? 9 JHEP 08 (2014) 174
yi [ [
- jbiﬁﬁ‘ v gows ,L.=.19-7f."'1,a‘. =8 Tev _ CMS,L=19.7fb", (s=8 TeV
— —8— FrequendsiCL_ooserven as _.I_ a oL ihm.ed ] r —— Observed
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% =TTt FrequentstCL expecteds 1o N ﬁ zzzzzzzzzzzzzzzzzzzzzzz o F Expected {95%}
g 107 i XER(G,, — W x.T-c-.s S‘ 10 — gy, XBRIS_, —~ZZ) hE-:. : C — W WZ
O ERIG, — 220 kTl = 1 N
1 | = 10
= [N ¥ [53 7N\ 1 D
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i @ X = s 102
x A \ m o
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Resonance mass (TeV)

CMS 8TeV: 3 different analysis, 1-2 sigma excesses ~ 1.8TeV
Shuai Liu Presented at PASCOS13; Zijun Xu at 2"d Boston Jet Workshop



B IR FRWHILHRS. Surprise?

CMS-PAS-EX0-14-010, AN-2014/121

-
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¢ W-tagging and H-tagging (Jet and Subjet b-tagging)
¢ PKU in collaboration with Zurich Univ. CMS group

Composite Higgs as Benchmark model

To be combined with EXO-WW/ZZ

LIT/ITI
.
(@]
(®
(7]
n
®
=
©0
®
©
©
—

Main Bkgs are QCD Wjets and Ttbar:
Data-Driven from H-pruned Jet mass side-band
Data-Driven from Ttbar Control Region

Conditionally Preapproved on Nov/20, 2014;

Qiang Li is the Analysis Contact
Mengmeng Wang as Note Submitter
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HEFNMETE . BaMLIERELERF

1 AP EESESI EWK ZA+2)ets

EXO-WHLAEdT st A (b R+ ZE K 2%)

FH/ECMS JETMET MC Contact; FECMS JEC, JETMET Trigger
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2013-14: CEPC-100TeVAEILHF A

g X, —=— 50 PilelUp § 1] el —— 140 FileUp
L N —— 95%CL. limit L A . — 95%CL. iimit
Z prime search sét\QPPC L NI
95% CL exclusion limit on Zg . :2: \
6.3/34.3TeV E E
; fli = I5,IZI I IE.I-II I |5,IBI I Iﬁ.lBl I Itli = IB.IEI I ;lﬁ[li‘;r'll'g;l' _EIII]I = I3I1I = IE!IEI = I3I3I = I3IIII IMI:I:]I.'}II%;
WWW: (a) /S = 14TeV, £ =300fb~" (b) /s = 100TeV, £ = 1000fb~"
MadGraph+Pythia+Delphes
\ A ) A} -~
8/14/100TeV pp collider —igﬁ‘z%zjﬁ
CMS Sim Card
Snowmass 100TeV Card V1
arXiv:1407.4922 Submitted to JHEP QGC
V2
> » 14
Pre-CDR FH<ER 43 U iA 2 2
egroup: CEPC-100pp@cern.ch vs

Many Video Meetings

A KCEPC2014BMCAHL TR &


http://arxiv.org/abs/1407.4922

RER T IE  2013.9-2014.9 —&F]

CMSHR 573X
CGHFREAEE R AR, LRANREESEEMEE TN

AAN+2ZAE BHFHRESK , BEAME7IR

PASCOS13 2 Parallel,

MBI Workshop 1 Plenary

WIN2013 1 Parallel

Korea LHC Workshop 2014 1 Invited
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CMSHRZIRE: B731K;

VBF W+2Jets, Preapproved, X|JiA4rdrfisA

VBF Wy +2Jet, Preapproved, M RKEEANDTHFHA

VBF Z vy +2Jet, to be preapproved, HEBERANDTTHFHA

Exotic WH resonance, preapproved this week, ZEIE N HFTA

Rk &5k HNIRE7TIR;

o #%EE 55 CEPC Pre-CDR , Physics/Simulation
o FARHERCMS Runll THE (4 HT+IR%)
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Conference Talks, Tutorials in 2013.09.01 - 2014.09.31

[T1] Multi-boson production at the LHC, LHC Workshop, 2 May. 2014, KNU, Korea.

[T2] Multiboson production and searches for anomalous gauge couplings at CMS, WIN2013: XXIV Workshop on Weak Interactions
and Neutrinos, 16-21 Sep. 2013, Natal, Brazil.

[T3] High Mass EXO-VV/HH/VH Resonance Searches with Jet-Substructure, CMS Week 2013, 9-13 Sep. 2013, Taipei, Taiwan.
[T4] MC group report, The Fourth International Workshop on Future High Energy Circular Colliders, 12-13 Sep. 2013, Shanghai.
[T5] Anomalous Quartic Gauge Coupling at the LHC, TeV Physics Workshop, 16 May. 2014, Guangzhou, China.

[T6] Jet Parton Matching, the HEP Computing Min-Workshop, 30 Nov. 2013, CHEP, PKU, Beijing.

[T7] Tutorial: MC Sample Analysis: Event generation, Background rejection and Signal selection, International Summer school on
TeV Experimental Physics (ISTEP), 2014, Beijing, China.

School and Workshops in 2013.09.01 - 2014.09.31
[S1] Co-organizer of the International Summer school on TeV Experimental Physics, 2014, Beijing.
[S2] Co-organizer of the HEP Computing Mini-Workshop, Nov.27-30, 2013, CHEP, PKU, Beijing.

AN, 5238 2 5BNL 25730 FJMulti-Boson Interactions Workshop, H-TZ51E o] @R H#E
FARHEEM A B —E 2 FPlenary &5/ 28CMS EWK V+2Jet
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1. Update on W+2jets EWK, SMP V) meeting, Friday, July 25, 2014

https://indico.cern.ch/event/298916/

2. New models for WH and ZH, Diboson Resonances Meeting, Monday, June 2, 2014
https://indico.cern.ch/event/322109/

3. Status of MC Production, DPG-PH JetMET, Monday, November 11, 2013
https://indico.cern.ch/event/282869/

4. Update on CA8 JEC, Jet Energy Corrections and Resolution Meeting, Thursday, September
26, 2013, https://indico.cern.ch/event/273599/

5. JetMET status and plans for MC production, PH Generator meeting, Monday, November
18, 2013, https://indico.cern.ch/event/276315/

6. High Mass EXO-VV/HH/VH Resonance Searches with Jet-Substructure, CMS Week Exotica
Meeting, Tuesday, September 10, 2013, https://indico.cern.ch/event/271239/

7. Physics Analyses in PKU CMS Group, PKU-Kyungpook Meeting, November 26, 2013,
https://indico.cern.ch/event/284640/
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aQGC

Non-linear
formalism

Spontaneously symmetry

breaking without a Higgs

| boson, custodial symmetry
protected p = 1 of the

EW sector
N

~

Request SU(2)®U(1) gauge symmetry and
independently conserved C, P

Linear
formalism

v

4 N
Non-decoupling: Valid
—  below a scale of 4nv
(~3TeV)

N J

4 N
Dimension-6 operators
(aQGC)

arXiv: hep-ph 9908254

— new physics is allowed to

— arXiv: hep-ph/0606118

/

SM EW sector with a Higgs
doublet field included

-

( N\

Decoupling: The scale of

be arbitrarily large

- J

4 N\
Dimension-8 operators
(aQGC)




Background estimation: alpha method

0
(\
oh

» 4 main background sources:
Wijets, TThar, SingleTop, VV

A4

For non-Wjets background, use the MC fitting results (both
normalization and shape)

Y

For Wjets background, we use data driven method to estimate
---> fit m; in SB to extract Wjets normalization in SR

—-> fit SR and low SB my,y of Wjets MC to extract Wjets shape
- Fucsr (M)
Fuc,ss (”Ihrj)

ilmc{mn-j)

---> data driven background extrapolation in SR

Fdata,SR{mIL’jJ = ﬂMC(”IIL-jJ X Fdata,SH(mfvj)
/

W
Estimated wijets shape in SR Fit data SB with summed components to
get wjets shape in low SB region




]Em 14010 | ashow XtoWHto vbb GoingToPreApD - NOARC NOIRC Qiang Li (PEKING-UNIV)
EXO-14010 (Thu, 20 Nov 2014 13:40:00) @

Name XtoWHto vbb Description search for W' to WH and H o a fat Higgs jet
Status GoingToPreApp ContactPerson ~ Cliang LI (PEKING-UNIV)

Twiki EXO-14010 HN EXO-14010

Data,Samples  DafaSet notsel  Samples: not set Conference

Target Date PreApp 17/11/2014 Target Date PhysApp

Talks No Pre-Approval Talk | No Approval Talk Actions Not in Edit Mode

Related Analyses  none Related CMS Notes  AN-2074/121

Physics Analysis Summary (PAS)

ARC Chair nong ARC No ARC yet

PASActions ). PAS CDSid

PAPER

Target Journal Target Date Pub

AuthorList No AL avaiable yt IRC NoRC yet

PAPER Actions PAPER CDS id

arkiv DOl

HenNata Rivet Plunin far file




ﬂsmmmz»l a show EW production of W + 2 jets PRE-APP ). Chiara Mariofti (TORINO) NOIRC Shuai Liu (PEKING-UNIV
SMP-13.012 (Thu, 20 Nov 2014 13:45.24) @

Name EW production of W +2 jets Description W production with forward jet tagging
Status PRE-APP Contact Person ~ Snual Liu (PEKING-UNIV)

Twiki SMP-13-012 3 HN SMP-13-012

Data, Samples Dataset 2012 Samples: not set Conference TOR2014

Target Date PreApp 13102013 Target Date PhysApp

Talks No Pre-Approval Talk | No Approval Talk Actions Not in Edit Mode

Related Analyses  none Related CMS Notes  AN-2013/123

Physics Analysis Summary (PAS)

ARC Chair Chiara Mariotti (TORINO) ARC Accepted | showd members
PAS Actions s PASCDS id

PAPER

Target Journal Target Date Pub

AuthorList No AL available yet IRC N IRC yet

PAPER Actions PAPER CDSid

arkiv DOl

HepData Rivet Plugin tar file




l SMP-14-011 » | ashow Waamma EWK production FRE-APP ) Matthew Fairbanks Herndon (WISCONSIN) NOIRC Daneng Yang (PEKING-UNIV)
SMP-14-011 (Thu, 20 Nov 2014 13:43:10) @]

Name Woamma EWK production Description Woamma + 2 jets production in EWK processes
Status PRE-APP Contact Person Daneng Yang (PEKING-UNIV)

Twiki SMP-14-011 = HN SMP-14-011

Data, Samples DataSet 2012 Samples: not set Conference Future2020

Target Date PreApp 19/09/2014 Target Date PhysApp

Talks Pre-Approval Talk » | No Approval Talk Actions Not in Edit Mode

Related Analyses none Related CMS Notes  AN-20713/314

Physics Analysis Summary (PAS)

ARC Chair Matthew Fairbanks Hemdon (WISCONSIN) ARC Accepted | show 3 members

PAS Actions I8 PASCDSid

PAPER

Target Journal Target Date Pub

AuthorList No AL available yet IRC No IRC yet

PAPER Actions PAPER CDS id

arXiv Dol

HepData Rivet Plugin tar file
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ﬂ SMP-14-018 » | ashow Znamma EWK production

SMP-14-M18 (Thu, 20 Nov 2014 13:43:16) [B]

ANG NOARC NOIRC Fengwangdong Znang (PEKING-UNIV)

Name Zgamma EWK production Description Zgamma + 2 jets production in EWK processes and aQGC
Status AWG Contact Person Fengwangdong Zhang (PEKING-UNIV)
Twiki HN SMP-14-018

Data, Samples DafaSet 2012 Samples: not set Conference Future2020

Target Date PreApp Target Date PhysApp

Talks No Pre-Approval Talk | No Approval Talk Actions Not in Edit Mode

Related Analyses  SMP-14-011 Related CMS Notes ~ AN-2013/318

Physics Analysis Summary (PAS)

ARC Chair none ARC No ARC yet

PAS Actions ~ PASCDSid

PAPER

Target Journal Target Date Pub

AuthorList No AL available yet IRC No IRC yat

PAPER Actions PAPER CDS id

arXiv Dol

HepData Rivet Plugin tar file
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Pre-CDR: Monte Carlo Tools for future collider
projects

Tongguang Cheng, Sergei Chekanov,Bo Feng, Bin Gong,Tao Han,Gang Li,Liang
Li,Qiang Li,Zhao Li, Meenakshi Narain,Sanjay Padhi,Meade Patrick,Jimmy
Proudfoot, Huilin Qu,Manqgi Ruan,Dayong Wang,Jian-Xiong Wang,Kechen Wang,
Liantao Wang,Yiwen Wen, Yongcheng Wu,Keping Xie,Qi-Shu Yan,Daneng Yang, Gao
Yu,Bin Zhang,Jian-Hui Zhang, Xiao-Ran Zhao, Zhijie Zhao

* International Collaborations;

* Theorists and Experimentalists

28
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Contents

The necessity to form regional MC working group

The MC tools needed for the future collider projects
2.1  New development in evaluating transition amplitudes
2.2 The roadmap for regional MC generator development

Benchmark processes
3.1 Benchmark process list and issues for detector design
3.2  Projects conducted by members of MC working group
3.2.1 Sequential Z
3.2.2  Quartic Vector boson couplings
3.2.3  Sbottom Searches
3.2.4 Exotic Leptons detection

Resources needed * et+e-andpp
e Parton level and fast simulation

* Tool: User friendly and high precision



A FEmERFIPublication

[P1] A Search for WWgamma and WZgamma production in pp Collisions at
sqrt(s) = 8 TeV, CMS Collaboration, Phys. Rev. D 90, 032008 (2014).

[P2] Search for massive resonances decaying into pairs of boosted bosons in
semi-leptonic final states at sqrt(s) = 8 TeV, CMS Collaboration, JHEP 08 (2014)
174.

[P3] Qiang Li, Qi-Shu Yan, Xiaoran Zhao, Higgs Pair Production: Improved
Description by Matrix Element Matching, Phys. Rev.D89, 033015 (2014).

[P4] Yiwen Wen, Huilin Qu, Daneng Yang, Qi-shu Yan, Qiang Li, Yajun Mao,
Probing Triple-W Production and Anomalous WWWW Coupling at the CERN
LHC and future 100TeV proton-proton collider, [arXiv:1407.4922], submitted
to JHEP.
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[1] Jet angular correlation in vector-boson fusion processes at hadron colliders,
Kaoru Hagiwara, Qiang Li, Kentarou Mawatari, JHEP 0907 (2009) 101

567X, fih5l61¢k

%5 T Higgs= AR RAIRIE, MMEHiggstE A EER X

[2] Spin-2RL FAEHL K — R F(45)CE: MadGraphH F1SLHH, Jet/Parton
Matching, Spin-2 + 2Jets, NLO QCD Spin-2;=4

41 HELAS and MadGraph/MadEvent with spin-2 particles, K. Hagiwara, J. Kanzaki,
Q.Li, K. Mawatari, Eur.Phys.). C56 (2008) 435-447

541k, 51311k
[3] H+Jets 7328 TH L)

Matched predictions for Higgs production via heavy-quark loops in the SM and
beyond, Johan Alwall, Qiang Li, Fabio Maltoni. Phys.Rev. D85 (2012) 014031
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