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HEP Group, Peking Univ., China
http://hepfarmO02.phy.pku.edu.cn/drupal/

Bx%E, #H, KSH, ETE), EXF, FE
Prof. Yajun Mao, Yong Ban, and Sijin Qian

Dr. Siguang Wang, Dayong Wang, and Qiang Li
+ ~20 students


http://hepfarm02.phy.pku.edu.cn/drupal/zh-hans/content/cms%E7%AE%80%E4%BB%8B
http://hepfarm02.phy.pku.edu.cn/drupal/zh-hans/content/besiii%E5%AE%9E%E9%AA%8C%E4%BB%8B%E7%BB%8D
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PKU CMS TeV Physics Analyses: Vi

(1) Multi-boson Measurement
and
(2) Exotica VV/VH Searches

V3

w v Vi

/\\ |4

HIG-13-008 HIG-13-013

EXO-14-010 SMP-13-009
JME-13-006 EXO-12-021
EXO-15-002 SMP-13-012
B2G-16-004 SMP-14-011
BPH-15-001 SMP-14-018



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

PKU SM measurement: 6 analyses

CMS Preliminary

Junme 2016
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- Jing Li as the Analysis Contact
VBF Wjj arXiv:1607.06975, Submitted to JHEP

® VBF Wijj simulated by MadGraph at LO,

QCD Wijets from MG parton-pythia matching (MLM) z\s\ /f’/

® VBF signal tends to have larger M;; and |Anj;| :

5 2 4

® DATA-driven QCD Wijets normalization we u

from BDT control region /\ y o
1 4 1 5

® Signal extracted from unbinned maximum likelihood fit

to Mjj
Floating QCD Wijets shape R
L L L
10 g EMs. B EWK W 2Jets
F— 1.0 imeson Channel B Wk + Jets

ag+aylog(m;;/8000)
i

Il Top
Bl =y — 0T + Jets
Il Cibocsons

= data

10°
® Diff w/o Interference as syst.

Events / 100 GeV

10°

® Agreement with SM prediction, significance around 40 10

combined pjj and ejj 0.42 £ 0.04 (stat.) £ 0.09 (syst.) = 0.01 (lumi.) pb

*13][]'[! 1500 2000 2500 32000

my; (GeV)

in agreement with the SM prediction of 0.50 &= 0.02(Scale) = 0.02(PDF) pb

jet2

With pi°'> 60 Gev pl°?>50GeV |n/¢f|<4.7 m;; >1TeV



VBS Zyjj | Feng Wangdong Zhang, Zhaoru Zhang as Analysis Contacts

CMS-PAS-SMP-14-018

d - u
® QCD ZY]] w Sl !
® Jet/Electron Fake Photon /
® Jet fake Electron: W a
® Signal Extracted from binnec N

Mjj fit [400-800], [800-1GeV d

2 . . 5
Two Opposite Sign Leptons T
with PT>20GeV W 3
Photon PT>25GeV .

Two Jets with PT>30GeV s, 4
70GeV<mli<110GeV -

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

- - (8] W I 3] @ =~ 1] ©

19.7 i7" (8TeV) mu channel

@
cMsS
O Preliminary B2y - de
o B r ake Photon
S 10° [ vor -
o B EWK Zye2Jets =
9 EZ3 Systematic Uncenainty,
Z srzzias
o
I.I>.I 10 cig U
TR
200 40 800 1000 1200
Nl“ (GeV)
19.7 b (BT
10 — TR
CcCMsS ]
FE Preliminary e o= =
[ [P =
A i HC:

M (GeV)
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VBS WY]] Daneng Yang and Analysis Contact

CMS-PAS-SMP-14-011

® 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, a § *Eoto 1000 1500 2000 7500
e [A5(j1,j2)] = 2.4. M, (GeV)
[tems EWK measurement
i 1787076 10

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.)




V+Jets Feng Wangdong Zhang CMS-PAS-SMP-15-010
Preapproval CMS-PAS-SMP-16-005

Dominated by QCD interaction — abundant
production

Measurement is test of perturbative QCD (pQCD)
Sensitive to PDFs models
Large background to BSM and Higgs searches

CMS Freliminary % Data (25ns)

— 257 (13 Tev)
258" (13TeV) ‘é —4;— aMC@MNLO + PY8 (< 2) NLO + PS)
@0 :I\‘\III‘\\Ill\lll‘\\IIl\\\IlEI)\tlll\\\l: 25" (13TeV) 2 -
c F - ¢+ up Data 4 @ Frr T T T T T T T T T T T T T 3
o CMS Prelimina -
oo ot | sy =l ] 55000;CMS Preliminary ! %/fu Dati = s 102 =======
s | Z=1jet . = BV d L Z+=1jet .WY% g g =
[ .SV'V le t i . w . -
ingle top C A r
- - oy W Single top r
4 tt | 20000~ - —
10°% B y ] I Wt -
B L ] L A
> - ] o ety - 1
+,’ - 7 18000 o . . 1oL
P - =5 - E
-~ -
3 - - _ B - - i =
10" e . 3 10000 - B BT
.- . N - . i = B

anti-k (R =0.4) Jets

| po=30Gev, |y <24 IIIIPIIIZ,
T

Ziy*— pp channel
] ]

5000[— —

TTTT % T T T T T §T
l
1
I fl I ]
4+ +
—_

814 1 ® 14f :
g 1254 ' - 12 R 15F
RIS LA USRS TR o LE I SIS SO 8 F
L s ¥ ‘ T 5 t - o =
E 08¢ E 0.8F 24 1B yt 2z
o S —————————e g L : : : : : ] ® 7 7

75 80 85 90 95 100 105 110 -3 -2 -1 0 1 2 3 % E

M, [GeV] ¥(Z) © 0-5; []Stat. unc. (gen)
=1 =2 =3 =



Helmholtz Alliance

i e B b e D e

Most stringent limits on aQGC

Anomalous Quartic
Gauge Couplings
30 September -
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Made By PK Ny

April 2006 et b April 2018 i [

AmAS =i Channel ATAs Channel Limits Jimr  ia
I, fA] fesesanseamamansennasnnn] Wy fag T4 = Wiy [-7-7eeln, Blesll] 19317 8TeV
b . [ £y =¥ e, T 5e+01] 4970 8 TeV
jemasmens iy ﬁ:T — Wy [-7.7e+01, T4e+01] 197 m" 8 TeV
e B3 W 33000, 330+01] 19417 8 Ted
mmmmm e mnnns 4 Wy I yr—WW  [-4.28+00, 4 Dee00] 247w 7.8 TeV
e Iy A === Wiy [-1.30+02, 120402 193 m" 8 TeV
—_ Wy —_ ] [-1.90:02, 180402 19.71" 8Ta¥
=1 5 WY bl Wy =1 2002, 1. 30402] q97m" 8 TeV
ty , PA7 e N . - b= B3 WW [-d.4e+01, 4 Te+01] 18417 8 Ted
— 2y _ H Yy—=WW  [-1.8e+01, 16e+01] 247" TATevV
(- Wy g AT K 4 21t |5 1002, 510402 20317 B TeV
jonsmann] Wdys |2 5002, 2 50+02] 203" 8 TeV
: (= w5 W Fup | -3 2801, 31e+01] 071" 8 TaV
fyg N — &y Wy [-2Bes01, 26e401] 197" & Tev
[ — Wy g IA7 b 1 e |4 20:02, BBe+02] opam’ B Tev
o= o o VAN W |-4.Tesl2, dda+l2] 203m" 8 Tel
fy g FA [— o Iy |-G.8es0l, 5 9a+01] 19.7m" 8 TeV
Wy . Wy |=4. 30401, 4 484+01] 19'.'|h: B Tay
by 0 Wy 1“__,.1.1* Wy |-4.0ea00, 4 02401] 407 m.1 A Tay
- W T Wy |6 S0a, EBe4D1] 187 17 8 TeV
Lt fyy AY Wy [-1.3e+02, 1.30+02] 197" & TeV
by s N &f ssWW  [-650+01, 630+01] 194" 8TV
Iy I —— Iy -y Wy [-1.60+02, T80+02] 197 m" 8TeV
* | 1
] ] I 1 1 1 |9L [} ] 1 I ?T 1 1 1 1 I 1 1 ] 1 I 5?“'?"' 1 Ilill:'T“:r:I E‘lium:lrII I 1'9" h; ﬁlTE‘IrI
<50 1] 50 =1000 1000 2000 3000

aC aQGC Limits @95% C.L. [TeV™]



PKU WW/WH Resonance Search: 7 Analyses

Boosted V/H-Jet
Technique:
Merged Fat Jet

Run1 20fb-1

CMS W-tagging: JHEP 12(2014)017
Zijun Xu, Wei Zou

Heavy Higgs: JHEP 1510 (2015) 144
Zijun Xu, Approval

EXO-WW. JHEPO08(2014)174 ;
Shuai Liu, Pre-approval

EXO-WH: EPJC76 (2016) 237
Mengmeng Wang, Pre-approval
Qiang Li, Analysis Contact

Run2 2015 2.2fb-1
EXO-15-002 0.8-4TeV
Qun Wang, Approval
B2G-16-004 0.6-1TeV
Zijun Xu, Pre-Approval

Run2 2016 — ICHEP2016
B2G-16-020 0.6-4.5TeV
Huang Huang, Pre-Approval
Zijun Xu, Approval
Huang Huang , Analysis Contact


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

CMS-

Campest Myon Solerad

H—> WW - lvj] & lvj

| JHEP 10 (2015) 144

+ “resolved” & “merged” channels

At high Higgs mass, two jets from W decay can
merge to form large-R jet

» Selections
One lepton (e or g), MET
veto events with extr lepton or b-tag jets
M;; or M; consistent with W mass

Separate events into VBF or non-VBF tagged

Dominant background:

W+jets:
Normalization from M; sideband
Shape from sideband data extrapolated to signal region

Top & diboson :

Corrected through TTbar control region

Events / 50 GeV

45 CMS 19.3 fb' (8 TeV)
_Ill\lll‘llllllll[lll\lIIIWIIIIIlIIIIlI\III\III
40 - H—->WW —  vJ ¢ Observed
- e+, 2-jet - Wjets
350 merged-jet category
- B wwwz/zz
30 Ot
o5 ; [ single top
- [ ] Uncertainty
20
158 s @ L ggF H(800) x 5
10 — - VBF H(800) x 5
5

0 600 700 800 900 1000 1100 1200 1300 1400 1500
mMyw [GeV]



CMS

Campect Myon Soenad

H—> WW — lvj] & lvj

JHEP 1510 (2015) 144

—10° CMS wpio5.1ib'7TeV) +upto 197’ (8Tev) B 0 T Opbserved
E I T T T I T T T I Ll T T I L) 1 T - |
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S 1025_—H%ZZ%2E2V —H >2Z >a¢ 5 E E N T T
a— [ —— H - 2Z — 202 ] o i
E 10 L H > ZZ — 2¢2q 4 E10} H > WW-
= = D o , =
—I : - - T
O : }\ /—‘a‘- h g
~© <\ | 10F E
S 1 , = 3 E
o T~ — T ] -
I ] 1F .
10 E By N e
2: | | 1 | ] ;‘ H— 27 -
10" 500 400 600 800 1000 200 400 600 800 1000
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PKU contributed to development and application of W-tagging method in heavy
Higgs searches;

Zijun Xu presented the approval talk for H> WW — lvj



CMS Exotica WH

* 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 Gravitons
- Semi-leptonic channels: High rates, reconstructable
spectrum
Huge QCD Wijets bkg, data-driven estimation
* V/H highly boosted: Jet substructure and Subjet b-tagging
TTbar control Region, Scale Factor
S s T e Lty S TFGws TR 'agl_‘a'(e'vs"j‘g‘?'f'bi'@ &
8 Preliminary : m?_le\t;- - . (qDJ Preliminary ! %;Fﬂ\tfr'z Bov=3)
o . WwWzZ b 8
S 1 ) Top _ — 10 =
_ : Uncertainty ; :
P 1 e
W
10" E
102 * 800 1000 1200 1400 1600 1800 2000 2200 2400

|
800 1000 1200 1400 1600 1800 2000 2200 2400 MWH (GeV)
My (GeV)

Qiang Li as analysis Contact;
Mengmeng Wang pre-approval

W boson ™, fqmiss,

1.90 global significance @1.8TeV
Note favored by Run2

CMS Preliminary e+ combined
T T T T T

19.7 io™ (8 TeV)
3 10 E T | | T T T T | T E
£ —e— FuicL. Observed i
T H fesssssssssEsl  Ful CL, Expected + o
g H semseeeamenan Full CL, Expected + 2¢
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; L]z [ LH model:xsec,, * BR(W — WH)
& E ]
Py L
e 107F !
1072 S e R _E
1 0-3 1 1 1 1 1 1 1 1 1 1 1
800 1000 1500 2000
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: CMS-PAS-EX0-15-002
CMS Exotica WW 2015 CMS-PAS-B2G-16-004

Comparison Run2 CMS (low, high) and ATLAS

Low mass extension

B2G-16-004
237 (13 Tev
B 102 E T T T T T T T T | T T T | T T T T E
o - CMS i H E
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Zijun Xu,

Pre-Approval

Main analysis ATLAS VW
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CMS Exotica WW 2016 CMS-PAS-B2G-16-020

Isolated <

............................ ‘j Merged
Il\e/IpEt-?n T \ W/Z jet

CMS Preliminary W— kv 129107 (13 TeV)
> - - -

2

| . Asympt. CL_ Expected = 1s.d.

g
I I 1 I | seemennee Asympt. CL_ Expected = 2 s.d.
Categorization in e,mu, low and high mass, W and £ 10 b
) ' Oy x BR(G,_,— WW), K=0.5
Zregions i | —e— Asympt. CL._ Observed
Extrapolate jet mass sidebands using MC shapes T
8:10'1
. »
—_ T - - - e ) L LLL/ 12.91b™" (13 TeV) ©10
> cMS S s e
3 Preliminary ~ ® Data W-ev 0 vsiers 8 10t E,m,,s,,-,,a,y ¢ Data W—uv B viiets 10°
3 B wvwwz [ [ S ez T
E D single Top £ uncertainty o ol [Dsingle Top (] uncentainty
g o =*** Gy, Mg=0.75 TeV (x20) % 10? *+** Gy, Mo=4.5 TeV (x400000) 10.‘0‘6 ; — . é é 4.
2 LN *
s § 1(: " + -, Mg, (TeV)
10" i 020M§ Pr‘ellm[lnafyw—olv i 12.9 f?"(13T'eV)
102 3 & S Asympt. CL_ Expected = 15.d.
i ] g E { weoemeaee Asympt. CL_ Expected = 2 s.d.
21 bty W —- P AR | S 10 ko Sl
gc 2F T T T + + + T * > guu ?: - go'u 2—?, 'rl+ i 1A E ] T ()TNxBR(W'NVTA-WZ)
o 4 x10 » 4 x10
06 07 08 09 1 14 12 13 14 15 1 15 2 25 3 35 4 45 5 I | —@— Asympt. CL, Obeerved
My (GeV) My (GEV) ok |
§10"
§ 14
©

Py
Q
N

Huang Huang as Analysis Contact
Huang Preapproval
Zijun Xu Approval 06

—
S
@

—
o
A

2 3 4
M, (TeV)



XFFCNCIZFEB — K(T)put - Eﬁiﬂ]%ﬂeﬂﬁ%(PKU

B =K pw B 5 F A #r 2
B K** wr - B J5 A5 5 i
CMSTH i L
CMS-PAS-BPH-15-001
CMS-PAS-BPH-15-009

R AR At AR
U AT R AR, R EARA
A, FHFCONCiEf2698F

Ay FE

E* a4 oy 4L K AL o 5 £ 5581 3
K=g-#r Hep B/ & B 4044

FhHA: BB/ EIEHKEEA

F X F April/14/20154
K Pre-Approval 3§ &

Dayong Wang, Linwei Li,

BU-=K - f B ot

Unblinded for approval ~
CMS-PAS-BPH-15-008

S AR it @ EaAT,
RATH BT AL 23,
HECEHEY, 1T BrE s
% ZILHCbh = 37 W8 3] 69
3.7/34sigma 1§ £ .

oA dy 4k 48 A £ Sy AT I

SHA: FHE/ZLE
5 Milano, Padova 4 T 41§

Z # B May/23/20164%
Pre-Approvalig &

Y I
;= T il
04ET 1 T
02E} -
(U= I 'i. .....................................
'M:_i — 1| #CMS (T, 8 TeV)
dp + LHCb
= » BaBar
iY-]=
= ~Balle
-DBE . CDF
| PN R PR I e BT A T A .
i Z 4 E B 10 1z 14 16 18
o IGe

Physics Letters B, 753, 424-448(2016)

Geng Chen

19



CMS Detector

ECAL Scintillating PBWO4 CALORIMETERS

SOLENOID
B=38T

HCAL Plastic scintillator
— Brass

TRACKER

‘ MUON
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: 2{/7’_.1, T *74 ‘ ‘strips
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Diameter: 15 m

Length: 21.6 m + H



PKU has been contributing on RPC since 1998
1999-2002 PKU made RPC passed the beam test at CERN
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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



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
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After the full RPC+CSC trigger system completed, the efficiency will reach
97% in all area.
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