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Forward detectors at CMS

Hadronic
Forward (HF)

140m (3.0 <[n|<5.0)

—EE =
TOTEM RPs zDC CASTOR
(147,220m) 5 4

CASTOR at CMS

CASTOR: EM-hadronic tungsten-quartz calorimeter
at CMS

Most forward conventional calorimeter deployed at the
LHC, at 14 m from interaction point.

Acceptance: —6.6 <n < —5.2

Longitudinally 14-fold segmentation

Transversally 16-fold segmentation

CASTOR has no n segmentation! Consequence:

measure energy of jets instead of pr within its
acceptance

Hadronic
Forward (HF)

B0<mMI<50) 140 m ToTEMRPs

(-5.2<n<-6.6)
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TOTal and Elastic Measurement (TOTEM)

¢ ZDC
(Inl > 8.4) » Dedicated for measuring total pp cross-
Central region: section and understanding proton struc-
~__HCAL and ECAL ture by elastic scattering
b > * Acceptance:3.1<|n|<5
PR TOTEM T2 * Consist of 2 near-beam telescopes:
=~ (in front of Roman Pot
CASTOR position) * Leading protons measured at 147 m
e and 220 m from IP
CMS DETECTOR STEEL RETURN YOKE
Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter :15.0m
Overalllength  :28.7m
Magnetic field  :3.8T

Pixel (100x150 um) ~16m* ~66M channels
Microstrips (80x180 ym) ~200m? ~9.6M channels

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

A
— MUON CHAMBERS

, —
—
p Barrel: 250 Drift Tube, 480 Resistive Plate Chambers

= . : T S Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m? ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels
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: Tile calorimeters
» LAr hadronic end-cap and
forward calorimeters
______________ Pixel detector
'''''' Toroid magnets LAr electiromagnetic calorimeters
Muon chambers Solenoid magnet | Transition radiation tracker
Semiconductor tracker
Forward Proton (AFP) spectrometer —

AFP ATLAS detector AFP

Scattered Scattered
proton proton

Proton beam Proton beam
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do/dy [mb]

Coherent J/{ cross section

e ALICE in tension with EPS09

at semi-forward rapidity,
while LHCb agrees with it
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ALICE, arxiv: 2101.04577 [nucl-ex]
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Coherent J/ cross section

* Nuclear suppression factor
(easier at midrapidity)

Spp =

do /da -
Ay qara! Wia

A = Impulse Approximation (no
nuclear effects)

S(W,,,,) - Nuclear Suppression
Factor - provides a way to test
the consistency of the data with
the available nuclear and
nucleon PDFs and to measure
the gluon shadowing factor

ALICE, arxiv: 2101.04577 [nucl-ex]
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Coherent J/ t-dependence ALICE, Phys.Lett.B 817 (2021) 13628

L 10 ALICE Pb+Pb — Pb+Pb+J/y  |s,, = 5.02 TeV —

) -

o R ALICE coherent J/y, y|<0.8 .

A RN v, ly ]
* From pT _d epen d ent G | h N <+ Experimental uncorrelated syst. + stat. |
P hotoproduction to | t | - -g s To— Experimental correlated syst. |

B N .

- N, UPC to yPb model uncertainty
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Guzey, Kryshen, Strikman, Zhalov, Phys.Lett.B 816 (2021) 136202
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UPC potential for tetraquark discoveries

* LHCb has observed a state
interpreted as a tetraquark
state T,c¢¢ in inclusive sample

T T T
—J}— Data
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LHCb, arxiv: 2006.16957[hep-ex]
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Figure 3: Invariant mass of the four-muon system in (left) J/) JAip and (right) J/p1(2S) events.
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LHCb, J. Phys. G: Nucl. Part. Phys. 41 (2014) 115002
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Coherent p° in Pb-Pb

ALICE Pb-Pb UPC |s,, = 5.02 TeV
Pb-Pb — Pb + Pb + p°

ALICE Pb-Pb UPC \/s_NN =5.02 TeV
Pb-Pb — Pb + Pb + p° (OnOn)

do/dy (mb)
g
[

Generally good agreement

with models on the market
A good proof-of-principle while b —data ——- son 0 1 gata ——- s
e : o reflected K2 (upperimk) sof. O reflected SSnipparas)
waltl ng for red UCEd 2°°;_ [Juncorr syst. :zzKTuuwerumn) - [Juncorr syst. gzzKTuowernmn)
unce rta | nt Ies an d b ette r 100;— Elcorsyst. ... CCKT (nuclear) 1002_ Elcorsyst ... CCKT (nuclear)
agreement between mOdels O s 04 07 0oz o4 06 08 T 7 S B N7 R Y ST
y y
Different neutron emission 2 w  ALICE Pb-Pb UPC |syy = 5.02 TeV g "I ALICE Pb-Pb UPC {5y = 5.02 TeV
classes = different impact 3 [ PoeoopbePbep OnXn P
3 3
pParam eters
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—}- data — — - STARlight F- - data — — - STARIight
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ALICE, JHEPO6 (2020) 35
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Coherent p° and BDR

ALICE, 2101.02581 [nucl-ex]

N
3

* Three collision systems

' @ ALICE y-Xe
available now (p, Pb, Xe) . m ALICE z_pb
* First fit to obtain the A ;= Hiyp

¢ e fit o, A%

dependence!
s==8 CCKT

65 GeV) (mb)
N

=
(&)

* Black disk regime (BDR) quite " B GKZ
<
7 ey §> - coherent: , A*®
* Models based on Gribov- b‘i 1

Glauber shadowing (GKZ) or
hot-spots (CCKT) describe
the data reasonably well

9
3

1 1 1 1 | | 1 1 I 1 | | | I 1 1 | 1 1 1 |
0 50 100 150 200
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Inclusive single diffractive dissociation cross-section
of pp collisions at 8 TeV, iHep 02 (2020) 042, 24.11 nb-?

* ALFA Roman Pot stations in the outgoing LHC beams
* Data from special run: f* =90 m, L=1.67 nb'!, u<0.08

A-side C-side "
AFA Q5 D2 @ Q13 2 as ara AVerage scattered proton x position
%@ — .. InALFA versus angle in the x-z plane
S gl o -
Beam 1 Beam 2 g 0.008 =y L ren - KU
Q7 | Q6 Q4 D1 Q2 ATLAS Q2 D1 Q4 a6 Q7 S ’ P, c
-g- 0.002 0>J
B7L1 A7L1 A7R1 B7R1 = 10’ 5
0.001 8
Al A3 A5 A7 ; g
0 g 2
g - - - {Agml Arr% ..... " P} 2 10° =
v ) ) . IP " . =y -0.001
A2 A4 A6 A8 10
-0.002
237 M ; 237 m
241m ' ; , 241m o ]

Taken from LHCP 2021, A. Sopczack
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Inclusive single diffractive dissociation cross-

section of pp collisions at 8 TeV, juep 02 (2020) 042, 24.11 nb
* Single diffractive dissociation (SD), kinematics:

squared four-momentum transfer, t, 5 }X (M,)
mass, My, of the dissociated system X,
proton energy loss €= 1 — Ep/Ebeam

* Hadron-level cross-sections: o versust, §, An p p

* Background from non-SD pp collisions (t)

* Correlated signals in ALFA and the Inner Detector
(estimated from MC)

* Overlay background: coincidences of a signal in

Rapidity gap size An

An

ALFA with an uncorrelated signal in the Inner n=-25
Detector (data-driven estimate, contributes the « It skl 3
largest uncertainty) Scattered proton_ . ...-+**"" welltee..,,

Taken from LHCP 2021, A. Sopczack
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Inclusive single diffractive dissociation cross-

section of pp collisions at 8 TeV, iuep 02 (2020) 042, 24.11 nb
* Hadron-level differential SD cross

S105“"[""[""]""l""l'¢"'ﬁ)éia"l """" é
section as a function of An % = PYTHIASA 3
e Diffractive plateau is visible S 1BE T —-HERWIGT
. § OB C e = gy T
* Increase at small rapidity gaps: e T b e
restricted rapidity region corresponding 107 e BTeY e i
to the ATLAS tracker acceptance "~ 40<log £<-1.6 :
* Decrease at large rgp!dlty gaps: “§ e =T
fiducial range restriction (loss of small-¢ HE g s I
events close to the ¢-edge) S B I S S B TS S

. A
‘ Generators descrlbe . . fiducial(&,7) t-extrap T]
the Shape reasonably’ Distribution | Tsp [mb] ‘ Tsp [mb]
. . Data 1.59 +£0.13 1.88+0.15

bUt OverEShmate the CI’OSS-SEC‘L‘IOH PyTHIA8 A2 (Schuler—Sjostrand) 3.69 4.35

PyTHIiA8 A3 (Donnachie-Landshoff) 2:52 2.98

HERrRWIGT 4.96 6.11

Taken from LHCP 2021, A. Sopczack
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Inclusive single diffractive dissociation cross-
section of pp collisions at 8 TeV, sHep 02 (2020) 042, 24.11 nb-?

e Differential cross-section
as function of |t]|

* Inner error bars stat. uncertainties
and outer error bars stat. and syst.

* Generator predictions
PHYS-PUB-2016-017

Pythia8 A2: B = 7.82 GeV~2
Pythia8 A3: B = 7.10 GeV~2

* Measurement

B=7.65+0.26(stat.)+0.22(syst.) GeV—2

Systematics dominated by proton
overlay backgrounds

Taken from LHCP 2021, A. Sopczack

do / d|t| [mb GeV?]
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DPS studies in 4-jets with low
p, at 13 TeV (CMS-PAS-20-007) e

\
« AY (left) and @, (right)
« Normalization to first four bins for AY and the last bin for ®,
« LO Models overshoot the data due to excess - ®, favor angular ordered/dipole antenna PS
of forward/backward low p_ jets. models over p_-ordered showers.

» Abs. cross-section prediction improves with NLO
or high multiplicity ME (not true for all models)

- ,
CMS Preliminary 0.042 pb* (13 TeV) —_ CMS Preliminary__ _0.042pb (13 TeV)
'_.‘ T L] L] T L] L] T L) : — R . . .
2 ,2L—P8-CP5 --- P8-CDPSTP8S1-4i t P8 - CP5 P8 - CDPSTP8S1-4j
f — P8 - Vincia — H7 - CH3 s — Z‘EA;SVI')":: — H7 - CH3
— CMS Dat - —_—r -
3 " b 35,30.25,20 GeV = [ ProProPryPr,235:302520GeV == ]
E pT,t‘pT.z’pT,a'pm T e : o ! — :
© 1 -_ _-—-\—'!—r _L_=— 7
E— - - .
107 T ——— il
= DPS Sensitivity - «— DPS Sensitivity
» 1 1 L L 1 L L 1 L m ! ! : : : !
~ + + 4 + + + + + — 2 - - - - - —
£ 3f~—P8-CP5 -~ P8 - CUETPBM1 - - P8 - CDPSTP8S14| = P8-CPS - - P8 - CUETPBM1 -- - P8- COPSTPEST4
Q N L\) — | —# -
g 2 - — S15 — | b+" —]
: e : e ;
1:—..—M - 1F‘_‘-—+—‘_‘-—.M~_—
b . © : : : : : =
© + + + t t + t + -— —_— ) i ) _:
% 3F—H7-CH3 - - H7 - SoftTune - 8 1.6 H7 - CH3 H7 SpﬂTune .
=) L o, — 1 = = H4++ - CUETHS1— P8 - Vincia A
 2f T T =12 s e g . =
E ™ - 11 3 .
L F =~ = ] h L= — ]
T - oo ssttll : e e
1 .
? n 08 1 I I A 1 [
. . N ) . N A . 0 0.5 1 1.5 2 25 3
0 1 2 3 4 5 6 7 8 9 o, [rad]
AY Y
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DPS studies in 4-jets with low
p, at 13 TeV (CMS-PAS-20-007)  geW

« A®, (left) and AS (right)
« Normalization to first four bins for A® and the last bin for AS,

+ Data favour p_-ordered showers for LO models * Only distribution insensitive to PS modelling
+ Less conclusive for NLO and/or higher-multiplicity ME -- hence used for o, extraction
CMS Preliminary 0.042 pb’ (13 TeV) . CMS Preliminary___ _0.042pb" (13 TeV)
3 12— p8-CP5 --- P8-CDPSTP8S1-4] ‘:; {g——P8-CP5 --- P8-CDPSTP8S1-4j _,_I
3, F P8 - Vincia == H7 - CH3 — - P8 - Vincia == H7 - CH3 —— ]
€ - %) 3
E® [——CMSData g — CMS Data L T
e —

3 10FD, P, P, P, 235302520 eV 3 p, 250 GeV,p_, . >30GeV - i
> - o T 107 — 3
© i -— 7 E — 3
IF S .
w0 DPS Sensitivity — 102 - . « DPS Sensitivity e
% e % [ — P8 - CP5 - = P8 - CUETPBM1 -- - P8 - COPSTP8S14]
Q- Q1.5 . -
S~ o~ - .
O1.4 O F PN S— -
212 = E.i. “[‘ N ]
1 1 i -._T:"-f*"';
B — _* -
0.8k . ‘ _ _ = 0.5 . , . ) . -
m 2_ T T T T T T ] S = T T T T T T o
T F —— H7 - CH3 H7 - SoftTune 4 o F —— H7 - CH3 ~+ H7 - SoftTune ]
8 L — H++- CUETHS1— P8 - Vincia 1 8'-5.‘ — H++- CUETHS1— P8 - Vincia
S 1.5 y —— ] s I ]
; S e e B | —=rr = mm——=_ar
i e e 1 — = — = ]
A | I A I 1 : 05_ A I L A L L .

0 0.5 1 1.5 2 25 3 0 0.5 1 15 2 25 3
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DPS studies in 4-jets with low
p. at 13 TeV (CMS-PAS-20-007)

O, measurements (Preliminary)

UA2 4jets (0.63 TeV)

Phys Lett.B,268(1):145-154,1991

CDF 4jets (1.96 TeV)

Phys.Rev.D 47:4857-4871,1993

ATLAS 4jets (7 TeV)
JHEP,11:110,2016

CMS 4ijets (7 TeV)
Eur.Phys.J.,C76(3):155,2016.

CMS 4jets (13 TeV)
Pythia 8 - CP5

Herwig 7 - CH3

Pythia 8 - Vincia

Herwig 7 - Soft Tune

MadGraph5 LO - CPS
MadGraph5 LO - Vincia
MadGraph5 NLO 2to2 -CP5
Powheg NLO 2ta2 - CP5

Powheg NLO 2to3 - CP5
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-
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0 5 10 15 20 25 30 35 40
G [Mb]
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-

@® Strong dependence of extracted
value of o_.on the model to describe

SPS contribution.

® NLO models with 22 and 2 - 3 ME
yield smallest o _ (~10 mb) implying
greater need of DPS contribution

® Including 4 partons in ME of SPS
models introduce DPS-like correlat-
ions in observables with o~ 15 mb.

@ Largest value of o_. (>~ 20 mb) found
for LO models with 2 -2 ME



DPS studies using Z+jets process i
at 13 TeV (CMS-PAS-20-009) o

« MC@NLO+P8 (MPI-OFF) is lower than measurement (by 50%) in lower A® and high A _p, region.

* MC@NLO+P8 (MPI-OFF), MC@NLO+H7 and SHERPA: behave similar while describing differential and area
normalized distributions.
« MC@NLO+P8 CP5 (with MPI) describes diff. cross-section within uncertainty (except lower region of A _p. (SPS

dominated), but underestimates measurement in case of area-normalized distributions (except lower A p. ... ).

* MC@NLO+P8 (CDPSTP8S1-WJ) fails to describe differential cross-section but describe shape of distribution within
uncertainty) --> well modelled collision energy dependence of MPI parameters in tune

PP Z+X - pw+X 35.9 o’ (13 TeV)
* 0. | g™ 1
. PPZ+X W +X 35.9 b (13 TeV) - [ Dam cMs
2 - —®— Data cMS 8l s o.8F B8 MG5_aMC (NLO) + PY8 CP5 Preliminary
5:-1000 [ B@% MG5 _aMC (NLO) + PY8 CP5 Preliminary S -OITEFE MG5_aMC (NLO) + PY8 CP5 MPIOFF
a [ 557= MG5_aMC (NLO) + PY8 CP5 MPIOFF ‘_IOU - A% MG5_aMC (NLO) + PY8 CDPSTP8S1-WJ
8 - 800[5# MG5_aMC (NLO) + PY8 CDPSTPBST-WJ 0.6 MG5_aMC (NLO) + H7 CH3
5 - ~dp~ MG5_aMC (NLO) + H7 CH3 . - o ~$— SHERPA
600 6= SHERPA Differential 0.4 5888 MaDGRAPH . Pve cPs
- BE38 MADGRAPH + PY8 CP5 g Cross sect|on A
400~ - 5
=, 0.2E:—i~+
200 R : g
0 X X X X H—._‘_‘_:—’—:—’—:‘_q 0 e L L L L L . L . L ! e "
2 1.6 é 1.6 DYclal uncertainty
8 4 [ vetal uncerainty = 14
° 1. =
a x 1.2
& ‘-21 . 1 S g = 7 S—— Eowm—c T e
- 9 _ ; 0.8
o8F- Vo Area-normalized oS e
0.6 . . . - U0 Y
0.4E ¥ -5 |distribution 0.4k,
4 - [ vgtal uncertainty, a8 - [ votal uncertainty
O 1.21— A O 1.2
3 B2 BB A A AT B O s 4B A
“ 0.8 M d g
8 [ rotai uncertain 2 -
o 1.2 unce ty o 1 2 otal uncertainty
s v v 5w P
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4 08 | d 08
01 0= 03 04 05 06 07 08 O3, 0.1 02 03 04 05 06 07 08 09
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Hard color-singlet exchange in dijet events
at 13 TeV (arxiV:2102.06945) Accepted by PRD

CMS Preliminary
Event Selection 5-5:1 T l L L l T 1T I L I L I T 17T ] T 1T I LU I L l T 7T IE
= Central gap in n|<1 @ COF{s=083Tev =
» . » _ - ) 1.8 <lr|m|< 3.5, Cone (R=0.7) E
. Partlclg-flgw anti-k, jets R=0.4 asf T Mpr X M2 < 0 o oo fe 06 Tev 3
+ 2leading jets p, > 40 GeV each af 19 < J< 41, Cono (R=07)
 Leading jet1.4<|n_|<4.7, and — CDF {s=18Tev ]
> <0--> Jfavours \0 3.5 E_ 1.8 <n_|< 3.5, Cone (R=0.7) —5
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exchange f___:
g€ Teee pT,jet-2
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N, all dijet events . . .
to decrease with increasing COM, due to
. , increase in spectator parton activity
f.sc IS measured as a function of ANy Prijerr Aq)jj with COM.

@ Within uncertainties, gap fractions stop decreasing with COM (7 TeV to 13 TeV), in contrast
to trend observed at lower energies 0.63 TeV --> 1.8 TeV --> 7 TeV
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Summary

* Coherent J/y the state of art is shown, with Nuclear suppression factor and how LHCb and
ALICE have help to understand it.

* Ways to extract x~10-5 neutron emission and peripheral photo-production

* Coherent p, missing the black disk regime. Inclusive single diffractive dissociation cross-section
and comparison with event generator predictions

 LHC has a rich physics program which is perfect testing ground for QCD models.

* An overview of some representative soft QCD and diffractive measurements has been presented.
LHC has provided access to a large phase space as well as a new energy scale for understanding
various aspects of QCD.

e Improve our picture of nucleon structure and hadron collision, as well as its universality Energy
measurements in the very forward rapidity regions indicate some interesting potential to further
improve the underlying event model predictions
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