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CMS structure
CMS Detector  =io.

Microstrips (50-100um)
: ~210m? 9.6M channels
Pixels

CRYSTAL ELECTROMAGNETIC
Tracker

CALORIMETER (ECAL)

E C A L 76k scintillating POWO, crystals
HCAL
So|enoid PRESHOWER
Silicon strips
~16m? 137k channels
Muons
CASTOR
STEEL RETURN YOKE CALORIMETER
~13000 tonnes Tungsten +
““““““““““““ 1 | -6.6<n <-5.2
ZERO-DEGREE :
CALORIMETER :
e i
g : SUPERCONDUCTING 29<|n|<5.2
: SOLENOID ( H I')
| Nioblum-titanium codl
: carrying ~18000 A FORWARD
I CALORIMETER
: Steel + quartz fibres
HADRON CALORIMETER (HCAL)
Total weight : 14000 tonnes Brass + plastic scintillator ' MUON CHAMBERS
Overall diameter :15.0m Barrel: 250 Drift Tube & 500 Resistive Plate Chambers
Overall length 1 28.7m Endcaps: 450 Cathode Strip & 400 Resistive Plate Chambers

Magnetic field :387T
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Pseudorapidity coverage of LHC detectors
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Hadronic Forward calorimeters (HF)

* located at 11.2 m from IP  * rapidity coverage 2.9 <|n|< 5.2
on both sides of CMS
=% it : * Cerenkov calorimeter made of
steel absorbers and embedded
radiation-hard quartz fibers, light
from the fibers detected by PMT

2 types of fibers: long (run over
the full depth) and short (start
at 22 cm from the front of HF)

- possible to distinguish showers

generated by e/y from showers
generated by hadrons

* 13 rings in n with a segmentation
An = 0.175 (except for the 2
most inner rings and the most
outer one)
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CASTOR calorimeter

Cherenkov sampling calorimeter with quartz plates
as active medium and tungsten as absorber

+750/S\Allowed
: : B-field
Light guide photo multiplier
‘

Cone of the i\
Cherenkov light Main paths 0 SAER
; 9N fthe light \\\//////// 15
a_n and one width \ 3 B 22> =772
fraction of the 7
light cone -2 Quartz plates

guided by
total reflection f
Particles from

interaction point /AM/ = = ;aﬂicr::es of
////‘//'//// 450 Beam pipe
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CASTOR calorimeter

Located at -14.3m from the interaction point

Covering -6.6 <n<-5.2

Electromagnetic and
hadronic sections

16-fold segmentation in @,
2(em) + 12(had)-fold
segmentation in z

Very complex environment:
- magnetic fringe field
- harsh radiation
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Hadronic interaction models

@ Pythia8, tuned to LHC Run 1 results:
Hard scattering matrix elements + parton
showering + string fragmentation
Multitude of adjustable processes & tunable

parameters: fragmentation, underlying events,

multi-parton interactions/colour
reconnections, diffraction

= Underlying event tune Monash 2013
= CMS tunes CUETP8M1/CUETP8S1 (MPI)
= MBR model for diffraction

@ EPOS-LHC and QGSJET 11-04, tuned to LHC Run 1 results:
Gribov-Regge pomeron physics + hard pomeron + string fragmentation

= Commonly used in cosmic ray physics

= More than Pythia focus on soft interactions
=  QGSIJET is more strict in physics

= EPOS is more 'phenomenological'/'tunable’
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EPOS includes collectivity/hydrodynamic component in a parametrized form
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Event selection

Two types of events: Low pile-up RUN2 runs
& Inelastic (detector level: HF at least in one side)
@ Non-single-diffraction (NSD) enhanced (HF at both sides)

Inelastic events particle level:

Find largest rapidity gap between particles.
Particles on two sides of the gap create two systems:

system X (negative side) and Y (positive side).
Calculate invariant masses My and M,, and define:

2 2
€X — %3 £Y — %; f — maX(fXﬂgY)

S S
Select events with § > 10

Non-single-diffractive events particle level:
Select events with at least one particle (no energy threshold) in HF

pseudorapidity range at both sides

Energies are summed of all particles except muons and neutrinos,
without threshold
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Systematic effects

Model dependence of
correction factor

Influence of noise on selection

Influence of noise on energy
sums

Calorimeter global energy
scale in 3.15 < |n| <5.20

Calorimeter global energy
scalein 5.20<|n| <6.6
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Soft-inclusive Non-single
inelastic events diffractive events
< 3.5%
< 1.75% < 0.5%
<1.2%
10%
17%
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Inelastic events

096 rTbI1 astev) CMS PAS FSQ-15-006

0.06 nb™ (13 TeV
;103_||||(|_} ;103—"|""|"""""'
> [ CMS ] o | CMS ]
S [ Preliminary | g | Preliminary
= = | S
E I E i — )
© T © i ——— 1
e f& Data &= Data
- = Pythia8 Monash v Pythia8 CUETP8M1
10° = ... EPOS-LHC = 10° Pythia8 CUETP8M1+MBR "
- - QGSJETII ] L [ Pythia8 CUETP8S1 ]
IINEL | | | B-tI]T I‘ IlNEL | | | | B-tl}T I_
3.5 4 4.5 5 5.5 6 6.5 3.5 4 4.5 5 5.5 6 6.5
| ml
s 0.06 nb (13 TeV) 0.06 nb™ (13 TeV)
5 Y B B A PO s — 1517 Iullltllhlliﬂllll
S — Pythia8 Monash % FCMS -+« Pythia8 CUETP8M1
LLITE1 4 =« EPOS-LHC LLIl_.E‘ 4 CPreliminary Pylhiaﬂ CUETP8M1+MBR
S5, . -= QGSJET Il T [Pythias CUETP8S1
- I [ Total Exp. Unc. - 1-3:_ [ Total Exp. Unc.
< < 4 oF
= 1.2 2
< <
8 1. =)
wl= =
'Ul‘c %lﬁ:

H3.|5| - I4I - 45 - |5| - |5.|5| B.ET I IG[;%
O MC different from data in slope in HF region.

O Pythia8 Monash vs EPOS/QGSJET -> comparable results

O CUETP8M1 vs CUETP8M1+MBR -> effect of variation of diffractive parameters

O CUETP8S1+uncertainties -> effect of variation of color reconnection parameters
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NSD-enhanced events

_0.06nb"(13TeV) CMS PAS FSQ-15-006

0.06 nb™* (13 TeV) .
S 10° e >103_"éph's"'
) - CMS 8 C =
g | Preliminary = | Preliminary
E 5 I :
R L i o) L : i
w w
4 o MHHE
o L i L ] J
. = Data
el tonash ... Pythia8 CUETP8M1
102 QGSJET Il _ 102 Pythia8 CUETPSM1+MBR—
C o ] [ Pythia8 CUETP8S1 ]
. NSD-enhanced B=0T 1 i IP«ISD-anhlanc:‘tad | | | B-tI1T |:
v e by e v v by v e b by | L1 L L1 L1 L1 TR I
35 4 45 5 55 6 6.5 35 4 45 5 5.5 6 6.5
m mi
'8 0.06 nb™ (13 TeV) 18 0.06 nb™" (13 TeV)
.IIIIIIIIIIIII||||_|||||IIII|IIII| -||||||||||||||||||||||||||I|IIII|
TCMS — Pythia8 Monash ] CCMS .. Pythia8 CUETP8M1
- Preliminary -+ EPOS-LHC iy - Preliminary Pythia8 CUETP8M1+MBR
1.6~ -- QGSJET I - 1.6 [ Pythia8 CUETP8S1
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MC different from data in slope of n-dependence in HF region.
Pythia8 Monash vs EPOS/QGSJET -> practically converge
NSD-enhanced vs. INEL -> no significant difference in the spectrum shape, same message

OO0

ISVHECRI 2016 24/08/2016 Lev Kheyn 12



Limiting fragmentation

CMS PAS FSQ-15-006

# Earlier measurements with lower centre-of-mass energies JHEP 11 (2011) 148
# NSD enhanced selection: at least one charged particles in both sidesat3.9< |n| <4.4
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MC

_ QGSJETI 900 Gev

- EPOS-LHC 900 GeV
—OGSJETII 7 TeV
-- EPOS-LHC 7 TeV
—QGSJETII 13 TeV
EPOS-LHC 13 TeV

Data
A HF 900 GeV
m HF 7 TeV
e HF 13 TeV

v Castor 13 TeV

NSD-enhanced

-10

-9

-8 -7 -6 -5

4 -3 -2 _—1

0

beam

 Generators successfully reproduce measurements at 900 GeV and 7 TeV

O Shape of distribution measured at 13 TeV is different from MC
O Fairly well consistent with hypothesis of limiting fragmentation
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CASTOR energy

CMS PAS FSQ-16-002

Pythia8 and Herwig++ (Sensitivity to MPI and UE) Cosmic Ray models
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1 Allows vetoing of diffraction
1 Difference between data and models beyond measurement uncertainty
d Spectra are sensitive to MPI and UE tuning parameters
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Other LHC forward measurements

CMS energy flow

ATLAS energy flow, 7 TeV
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Are they compatible?

Ratio of Cosmic Rays Monte Carlo to data

-% 14 (Lev Kheyn) The errors in all measurements are on
a B A N the level of 10%, they are shown by gray
O - YA ® | band. Errors are always strongly
= 1 2. - " A‘\:A7 AVI v P .w’ correlated and usually dominated by
1 m VAR Hm general scale uncertainties. Slopes of
"y v : distributions are influenced to minor
08— extent. Also definition of particle level
- A CMS EPOS-LHC NSD selection is somewhat different in
0.6:— v CMS QGSJETII different experiments which should insert
B m ATLAS EPOS-LHC NSD uncertainty while comparing absolute
0.4 A LHCb EPOS-LHC values of the ratios but also should
- v LHCb QGSJETII influence to minor extent the slopes.
0.2— e TOTEMEPOS-LHC So difference in slope should be paid
- ¢ TOTEM QGSJETII attention to.

ml

d ATLAS, LHCb and CMS look incompatible in slope
] Totem looks consistent with CMS
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Summar

 Energy flow in the forward region of CMS in pp-collisions at 13 TeV as
a function of pseudorapidity is studied for two event classes:
inclusive and non-single-diffraction enhanced.

J Data are compared to different hadronic interaction models: Pythia8
tunes and Cosmic Ray generators EPOS-LHC and QGSJETII-04.

[ The spread in model predictions is large, nevertheless difference in
the slope of n dependence between data and all generators is
noticeable.

1 Results presented in terms of shifted pseudorapidity variable,

N = Yyeamy are compared to earlier data at 900 GeV and 7 TeV.
Fairly well consistent with hypothesis of limiting fragmentation.

(J CASTOR energy spectrum allows distinguishing between different
models, in particular between different MPI and UE
parameterizations.
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Backups
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CMS Forward Detectors

Hadronic Forward (HF) Hadronic Forward (HF)
-5-2 "": T] ":-209 5.2 > TI > 2-9
54— — m
ZDC CASTOR o | o ZDC
n <-8.4 -6.6 <1 <-5.2 n >8.4
L 1 1 I 1 |

Cherenkov calorimeters:

m HF m CASTOR m ZDC N
m rapidity coverage: m rapidity coverage: u rap|d|t§r ;:overage:
2.9 < || < 5.2 6.6 < 1 < -5.2 nl > 8.

figure adapted from
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CASTOR absolute calibration

| o | _I T TT I TTTT I TTTT [ TTTT I T T T I LI I TT I—
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O) | --EPOS :
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N 5| --QGSetot | 1. Scale models to data in HF range
S 10°F - pyinias ver = 2. log-linear extrapolation from
| — Pythia6 D6T SR e .
i , data points to CASTOR range
------ Pythiaé ProQ20 — i
[ - Herwig+ / - 1 3. MC used to correct for
ﬁ,;f’ deviation from log-linear
I /*/* i dependence
10°F ,j"’ ¥ =
A CASTOR .
L1l I 1111 I 1111 l 1111 I 1 111
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TOR energy: electromagnetic & hadronic
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Hadronic Energy [GeV]
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TOTEM

Ehs |
= TOTEM T1 & T2

= Cathode Strip Chambers (CSC) = Gas Electron Multiplier (GEM)
= Mounted in front of HF = Mounted in front of CASTOR
»3.1<|n|<4.7 =53<|n|<6.5

= 5 planes with 3 coordinates/plane * 10 planes formed by 20 GEM
semi-circular modules

= 6 trapezoidal CSC detectors/plane :
= Resolution: ¢ ~ 0.8mm * Resolution: o ;,~70um

TOTEM: Total Cross Section, Elastic Scattering and Diffraction Dissociation at the LHC
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Limiting fragmentation

Charged multiplicity

Thesis Yen-Jee Lee

?IIIIIIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

& ppCMS TO00 GeV

= Pp CMS N5D 2360 GeV S
© o pp ALICE NSD 2360 GeV . * .

6 s pp CMS NSD 900 GeV A
A Pp ALICE NSD 800 GeV P
2 pP GCOF NSD 1800 GeV ’
& pp UAS NSD 900 GeV

5 O pP COF NSD 630 GeV A
O ppP238 NSO 630 GeV g ,gg.s;!;c;g,a:.
©  ppUAS NSD 546 GeV S '!'{5,;5
© i UAT NSD 540 GeV & : -

4 [— & PPUASNSD 200 GeV : & &
o ppUAS NSD 53 GeV EJ¢E,5H" $5i; i

Yiearn = D€AM rapidity

DIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
0o 1.2 3 4 5 6 7 8 9 10

n+y

Beam

ISVHECRI 2016 24/08/2016 Lev Kheyn 23



