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ПИЯФ: физика @CMS   
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26-29 декабря 2016  

Search for diphoton resonances 

15/12/2015 CMS Collaboration - 13 TeV Results 
51 

Diphoton event with m(gg) = 745 GeV 
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ПИЯФ: физика CMS   

 
 

 
   

 
Группа физики ПИЯФ в CMS: 

       А.А. Воробьев 
       В.Т. Ким 
       Е.В. Кузнецова 
       В.А. Мурзин 
       В.А. Орешкин 
       И.Б. Смирнов  
       В.А. Сулимов 
       А.Ю. Егоров      асп. СПбПУ 
       Д.E. Соснов       асп. СПбГУ 

 
Основные  направления в CMS: 

 
- Асимптотические БФКЛ-эффекты в струйных процессах 
- ЭлектроСлабое образование резонансов (VBF) 
- тяжелые резонансы в многоструйных событиях 
- дифракция на ядрах 
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CMS: набор данных   

 
 

 
   

Zeynep Demiragli9

~ 776 
Higgs Bosons 

Produced

~ 105 K
Higgs Bosons 

Produced

~ 511 K
Higgs Bosons Produced

Discovery!

~ 2 Million
Higgs Bosons Produced

30 Higgs Bosons per minute!

Biggest jump in 
σ x Luminosity !

2010 2011 2012 2016

CMS Data Taking History
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CMS: 25 нс                         pileup ~ 25   

 
 

 
   

Zeynep Demiragli11

13 TeV Runs / CMS Data Taking Efficiency

In each recorded event, there are 
~ 25 additional simultaneous interactions
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CMS: эффективность набора данных   

 
 

 
   

Zeynep Demiragli

CMS Operations in Run 2

12

SUPERCONDUCTING
MAGNET

Cryo system repaired and cleaned.
100% Uptime during 2016!

CMS in 2016 operated with 
high efficiency 

more than 96% detector active  

92% data taking efficiency 
92% efficiency ~ 

“as if” 28 Higgs Bosons per minute
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CMS: великолепный прибор!   

 
 

 
   

Zeynep Demiragli

Object Reconstruction and Identification

23

Extremely well calibrated 
detector.

Excellent agreement in 
simulation and data.

electrons

muons
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CMS: переоткрытие бозона Хиггса при 13 ТэВ   

 
 

 
   

Zeynep Demiragli

Higgs Re-Discovery and More

31

We did succeed in the (re)discovery  
of the Higgs boson! 

We are closing in on it’s rare production modes
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CMS: резонанс при 750 ГэВ !?   

 
 

 
   

Zeynep Demiragli30

We were excited about the possibility  
of a NEW particle at 750 GeV! 

Nature wasn’t that kind …

Late 2015 

“Birth” of 750 GeV bump

Mid 2016 

“Death” of 750 GeV bump

More Data

750 GeV Di-Photon Bump (Almost a New Particle)
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CMS: Standard Model in Run 2    
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W/Z Boson 
Results

Top Quark 
Results

Higgs Boson 
Results

~2 Billion “Z” 
events

with full 2016 data

~600 Thousand “ZZ” 
events

with full 2016 data

~40 Thousand “ttZ” 
events

with full 2016 data
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Agree with the theoretical predictions

Everything Standard Model: Stairway to Heaven
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CMS: SUSY in Run 2    

 
 

 
   

Zeynep Demiragli58
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d ~2 Billion “Z” 
events

with full 2016 data

600 Thousand “ZZ” 
events

with full 2016 data

If SUSY is around the corner: 
We should have < 100 events with full 2016 Data

Everything Beyond: Super Symmetry

~40 Thousand “ttZ” 
events

with full 2016 data

Exclusion
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CMS и TOTEM: прогресс   

 
 

 
   

Zeynep Demiragli

TOTEM Experiment

24

 TOTEM experiment is designed to take 
precise measurements of protons as they 

emerge from collisions at small angles.  

This region is known as the 'forward' 
direction and is inaccessible by other 

LHC experiments. 

TOTEM and CMS collaborations have 
coordinated the use of their detectors to 
perform combined measurements that 

will lead to results of unprecedented 
accuracy!

The TOTEM experiment involves about 100 scientists from 16 institutes in 8 countries.

Telescopes

Roman Pots Roman Pots
220 meters

147 meters
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CMS TOTEM Precision Proton Spectrometer (PPS)   

 
 

 
   

Zeynep Demiragli

CMS Totem Precision Proton Spectrometer (CT-PPS) 

25

CT-PPS is a magnetic spectrometer  that uses the LHC magnets and detector stations, to bend 
protons to measure their trajectories. It is fully integrated into CMS DAQ + Reconstruction Software

commissioning 
tracking detector 

commissioning 
timing detector 

~ 15.3 /fb
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CMS TOTEM Precision Proton Spectrometer (PPS)    

 
 

 
   

Zeynep Demiragli

CMS Totem Precision Proton Spectrometer (CT-PPS) 

27

proton

photon

proton

proton

proton

photon

General Strategy:
Require correlation between observables reconstructed with the CMS central detector and 

those from the protons reconstructed in the Totem detectors 

You can do very unique physics: 

For example: photon-photon Fusion, where LHC “becomes” 
a photon & photon collider!
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  CMS+TOTEM pA data 2012-2016      5 и 8 ТэВ    NN c.m.s.
  
  Дифракционные процессы на ядрах при энергиях LHC

  Проблемы дифракции в рА-рассеянии
  при 400 ГэВ в эксперименте HELIOS:    
  неожиданная смена режима A-зависимости наклона конуса
  (неупругие цветовые поправки Грибова-Глаубера?)

  MC generator HARDPING:   А. Иванов, Д. Суетин

New perspectives for diffraction physics @CMS:
CMS+TOTEM Precision Proton Spectrometer (PPS)
3D pixel detector
Pile-up up to 30,   25 ns 

CMS: Nuclear Diffraction    
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15

физика струй в передней области:   публикации в CMS   

 
LHC 7 ТэВ: 
CMS:  Eur. Phys. J. C 72 (2012) 2216 – первое измерение отношение сечений струй при 
больших интервалах быстроты  > 9.4   
 
 
LHC 7 ТэВ: 
CMS:  JHEP 1310 (2013) 062 – первое наблюдение в адронных соударениях процесса 
электрослабого образования Z-бозона 
конечное состояние: два лептона и две адронные струи вперед  
 
 
LHC 8 ТэВ: 
CMS: Eur. Phys. J. C 72 (2012) 2216 измерение в адронных соударениях сечение процесса 
электрослабого образования Z-бозона 
 σ(llJJ) = 174 ± 15 (стат.) ± 40 (сист.) Фб,  mJJ > 120 ГэВ,   8 ТэВ 
 
 
LHC 7 ТэВ: 
CMS: JHEP 08 (2016) 139 – первое измерение азимутальных декорреляций струй при 
больших интервалах быстроты  > 9.4   
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2-струйные азимутальные декорреляции (АД) 

PYTHIA 6/8 описывает «К-фактор», но не описывает АД    
HERWIG++ 2.5 частично описывает АД, но не описывает «К-фактор»       
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2-струйные азимутальные декорреляции (АД) 

LLA BFKL: HEI+ARIADNE Andersen & Smillie 
NLA BFKL: Ducloue et al 
improved by (Brodsky, Fadin, Kim, Lipatov & Pivovarov) BFKLP with BLM scale
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2-струйный «К-фактор» 

PYTHIA 6/8 и HERWIG++ 2.5 не описывают «К-фактор» и АД    
            

Dec 2013, Belgium CMS: Ivan Pozdnyakov, ITEP 9

Azimuthal Decorrelation at 7 TeV

∆y < 9.4 

1. K-factor — ratio of inclusive to exclusive MN x-sections 
2. <cos> — decrease due to additional activity between MN

Pyhtia 6/8 better describes K-factor, while Herwig++ - decorrelations

CMS-PAS-FSQ-12-002

Eur. Phys. J. C 72 (2012) 2216

 Third-order or better elevation, with tablet

 Third-order or better elevation, 
 recoverable mark, no tablet
 Bench mark coincident with found   
 section corner

 Spot elevation

528

BM
            5280

BM

 5280

7523

CONTROL DATA AND MONUMENTS – continued
Vertical control

 Contours and limits

 Glacial advance

 Formlines

 Glacial retreat

GLACIERS AND PERMANENT SNOWFIELDS

LAND SURVEYS

 Range or Township line

  Protracted

R1E T2N R3W T4S  Range or Township labels
 Section line

  Protracted (AK 1:63,360-scale)

  Location doubtful
  Location approximate

  Location doubtful
  Protracted
  Protracted (AK 1:63,360-scale)

 Found section corner

 Found closing corner
WC

 Witness corner

MC Meander corner

 Weak corner*

  Location approximate

  Section numbers 1 - 36    1 - 36

Other land surveys
 Range or Township line
 Section line

Fence or fi eld lines

Land grant, mining claim, donation land 
claim, or tract
Land grant, homestead, mineral, or 
other special survey monument

Public land survey system

State plane coordinate systems

Universal transverse metcator grid

MARINE SHORELINES
 Shoreline
 Apparent (edge of vegetation)***
 Indefi nite or unsurveyed

MINES AND CAVES
 Quarry or open pit mine
 Gravel, sand, clay, or borrow pit
 Mine tunnel or cave entrance
 Mine shaft
 Prospect

 Tailings

 Former disposal site or mine

 Mine dump

 Graticule intersection

PROJECTION AND GRIDS

 Neatline 39˚15’ 
90˚37’30”

 Graticule tick 55’

 Datum shift tick

247 500 METERS Secondary zone tick

260 000 FEET Tertiary zone tick

98 500 METERS Quaternary zone tick

320 000 FEET Quintary zone tick

273
 UTM grid (full grid)

269 UTM grid ticks*

640 000 FEET Primary zone tick

RAILROADS AND RELATED FEATURES

 Standard guage railroad, single track
 Standard guage railroad, multiple track
 Narrow guage railroad, single track
 Narrow guage railroad, multiple track

 Railroad siding

 Railroad underpass; overpass

 Railroad bridge; drawbridge

 Railroad tunnel

 Railroad yard

 Railroad turntable; roundhouse

 Railroad in highway
 Railroad in road
 Railroad in light duty road*

RIVERS, LAKES, AND CANALS
 Perennial stream

 Perennial river

 Intermittent stream

 Intermittent river

 Disappearing stream
 Falls, small

 Falls, large

 Rapids, large

 Rapids, small

 Masonry dam

 Dam with lock

 Dam carrying road

GLAPD



Сессия Ученого Совета ОФВЭ ПИЯФ НИЦ КИ, 27 декабря 2016                     В. T. Ким                     ПИЯФ @CMS 19

Заключение 
                                        ПИЯФ@CMS physics  
  
 -  2010-2012:   К-фактор: EPJ C 72 (2012) 2216

 - 2012-2014:   - EWK  Z    7 ТэВ: JHEP 10  (2013) 062
                                           8 ТэВ: EPJ C 75 (2015) 066
      первое наблюдение образования Z в электрослабых процессах на LHC!

 - 2013-2016:   азимутальные декорреляции 8 ТэВ: JHEP 08 (2016) 139
                         указание на БФКЛ на LHC   

 - ведется анализ:    - К-фактор с вето          2.76, 8 и 13 ТэВ 
                                    - дифракция в рА          5 и 8 ТэВ
                                    - тяжелые резонансы   8 и 13 ТэВ

 -  данные при 13 ТэВ  ~ 40 Fb-1:  скоро будут новости!
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2
1

  13 ТэВ vs. 8 ТэВ Reminder: increased reach @ 13 TeV 

15/12/2015 CMS Collaboration - 13 TeV Results 
12 

13 TeV with 2.2 fb-1
 

potentially more sensitive 
than 8 TeV (19.8 fb-1) 
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2-струйные азимутальные корреляции 

1

1 Introduction1

QCD is well tested in hard processes (
p

s � pT � LQCD), and the data are successfully de-2

scribed by perturbative QCD (pQCD) calculations within the framework of collinear factor-3

ization and the Dokshitzer-Gribov-Lipatov-Altarelli-Parisi (DGLAP) evolution equations [1–4

5]. The study of the dynamics of hadron jets in proton-proton collisions yields important in-5

formation about underlying partonic processes. At leading order in the strong coupling as,6

parton-parton scattering produces two outgoing partons which are back-to-back in the az-7

imuthal plane. The partons manifest themselves as a collimated stream of hadrons, which8

are the observable jets. A deviation from the back-to-back configuration occurs if higher order9

parton contributions are considered, which can be described by the parton showers initiated10

by the initial and final partons in the scattering process.11

At high centre-of-mass energies a kinematical domain can be reached where semi-hard par-12

ton interactions (
p

s � pT � LQCD) play a substantial role. The asymptotic region, where13 p
s ! •, is described by Balitsky-Fadin-Kuraev-Lipatov (BFKL) equation [6–8]. Such a sce-14

nario might be approximated experimentally in pp collisions by requiring jets of similar pT but15

highly separated in rapidity [9]. The requirement of two jets with similar pT suppresses con-16

tributions in the DGLAP scheme, which is based on pT ordering. The azimuthal decorrelation17

of jets with large rapidity separation might therefore show effects beyond the DGLAP descrip-18

tion. In a kinematic region, where semi-hard parton interactions are important, the azimuthal19

angle decorrelations will increase [10, 11] with increasing rapidity separation Dy = |y1 � y2|20

between the jets, where y1, y2 are rapidities of the most forward and the most backward jets21

(Mueller-Navelet dijets, MN) [9].22

Earlier searches for BFKL effects in hadron-hadron collisions and events with jets widely sep-23

arated in rapidity were made at the Tevatron by the D0 experiment [12, 13]. The D0 measure-24

ments of azimuthal angle decorrelations were restricted to a rapidity separation Dy < 6, and25

no significant indications of BFKL effects were found [12]. Studies of the collision energy de-26

pendence of dijet production at large rapidity intervals have found a strong dependence on27

centre-of-mass energy [13]. With the advent of the LHC such measurements can be repeated28

with increased collision energies and with an increased rapidity interval between jets.29

Both the ATLAS [14] and CMS [15] experiments have released measurements of dijet produc-30

tion in pp collisions at 7 TeV as a function of rapidity separation between jets. These mea-31

surements indicate that BFKL effects are not dominant for jets with pT > 35 GeV at a collision32

energy of 7 TeV. However, there are theoretical arguments that azimuthal angle decorrela-33

tion observables may have greater sensitivity to BFKL effects [16]. In this paper observables34

connected to the azimuthal angle decorrelation of MN dijets are presented.35

2 Physics Motivation and Monte Carlo event generators36

The normalised cross section as a function of the azimuthal angle difference (Df) between MN
jets with pT > pTmin can be written as a Fourier series

1
s

ds

d(Df)
(Dy, pTmin) =

1
2p


1 + 2

•

Â
n=1

Cn(Dy, pTmin) · cos(n(p � Df))

�
, (1)

The Fourier coefficients Cn(Dy, pTmin) are equal to the average cosines of the decorrelation an-37

gle: Cn(Dy, pTmin) = hcos(n(p � Df))i, where Df = f1 � f2 is the difference between the38

azimuthal angles f1 and f2 of the jets most forward and most backward in rapidity.39
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V. del Duca & C. Schmidt (94-95) Striling (94)
V. Kim & G. Pivovarov (96-98)
A. Sabio Vera et al (2007-11)
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2
3

Поиск тяжелых 2-струйных резонансов  
Mjj max = 6.14 TэВ 

Search for dijet resonances 

15/12/2015 CMS Collaboration - 13 TeV Results 
46 

EXO-15-001 

Highest mass dijet pair observed: 6.14 TeV 

• Bump hunt on a smoothly falling 
background in mjj testing s-channel 
production of new heavy resonance 
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Forward dijets at 14 TeV: resonance search  
Dijets vs rapidity interval   VK, V. Oreshkin (2011) 
MD = 1 TeV, 1.5 TeV, 3 TeV                      14 TeV  300 fb-1 

dijet mass > 9 TeV,   pT > 100 GeV                 LO GLAPD  
                                                         dijet mass cut: BFKL suppressed 
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