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TOTEM Physics Overview
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The TOTEM Experimental apparatus in RUN-2
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— (CMS detector in gray detail at IP5

] (symmetric around IP5)

T1, T2 telescope:
Very forward detectors for tracking of
charged particle produced in inelastic
collisions (3-90 mrad)

— RP detectors:
W e P e e R RS RP STATIONS Silicon detectors placed in movable beam-
.\\\“,;,’_/ o D1 e ,2{1 e .. “5  beam1 pipe insertions, to approach the beam to
A5 1 A8 TRl ]lome e E il — less than a millimetre: detection of protons
o w1111 B 1 R =0 & Lt 15 with scattering angles of only a few urad
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2 new horizontal 2 horizontal box-shaped RPs

cylindrical RPs (1in LS1) Tracking pots

Timing pots

Larger set of RP ever operating simultaneously in a collider: 26

147 m stations relocated to 210 m (increase ' lever arm)

RPs at 214 m rotated by 8° (multi-track capability)

Two new horizontal RPs for timing detectors (CT-PPS, high luminosity)




TOTEM high luminosity data taking

* RP detectors previously used only
In special TOTEM runs
* High pg* (90m, 1km, 2.5km)
* Low angular beam

dispersions
X . : : CTPPS reach
* ~Low luminosity (wide beam) i 0002 e
« Short runtime (few Sooors, o s
weeks/year) % o001 P et
. . . o= B 0
* Integrated luminosity size S 0005 *
O(pb) |
« Common running with CMS, :
trigger bit interchange ~ i/w.
-0.001 5_ ----- 100fb™, 13 TeV, 0=30 ps A . 100 fb\J
L TR T R v Wiz,

a0 /A® [GeV™?]
AQGC with CEP WW: comparison with current best limits




TOTEM high luminosity data taking
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Before HV increase After
Now in Run-2, RP’s commissioned for insertion | 45210nwhr y e
during all regular high luminosity runs i | I,
+ Lowp ey S W
« CTPPS: RP’s fully integrated in CMS Lop <051 Ll L | BT
 Excellent for central diffraction: i
« exclusive WW - or y y/ZZ/Z vy with REERE T ) |
mass measurement from protons. T
AQGC: non-SM 4-gauge boson vertices s e |35
« Collected ~15 fb this year i,i]:t‘; PR | Lmmon!
* Mass threshold higher (few hundred GeV) et
+ First stage CTPPS: use existing detectors for RS T
tracking
* Present RP detectors Si, not rad hard il 5052 o |fill 5288 )
29 Jun 9 Sep »
Ling 2= 6 b1 . Ling = 11tb 10t
Most beam halo protons hit very small area , increase T e I

life by moving pot up/down by 2mm

Performance recuperated by increasing the voltage
Replace with rad-hard 3D Si (RP214: 2017)

Only horizontal pots inserted during low p* runs




TOTEM upgrade with timing detectors
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» Timing detectors have been installed inside the RPs at 210m,
> dlamong on the two sides of the IP.
° » Detectors based on diamond (rad hard) sensors, expected <50
ps time resolution per arm (measured 80 ps per plane).
» Detector readout in commissioning
» For CD events the difference of the arrival time of the protons
gives the longitudinal vertex position.
* Only way to associate the proton vertex to the CMS one.

Background suppression and possibility of
‘ common runs at higher pile-up with CMS

One prototype
diamond plane




TOTEM special Run @ 13 TeV (Sept 2016)

New beam optics p*=2500m to have very low t-acceptance limit (0.0006 to 0.2 GeV?)
Analysis starting, elastic event sample ~7 M
Elastic main interest, T1 & T2 not on during run

Measure p parameter

At small enough t the pp scattering is also affected by the Coulomb
interaction: low-t Odderon would affect p, existence deducible from measured p-

value (smallest angles = needs highest B) 5
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Coulomb hadronic “interference”
amplitude amplitude terms




TOTEM special Runs: Physics

A few examples of what we can learn from these data:

* Central diffractive productions: Glueball (discovery potential): particle consisting only of gluons

* Predicted by QCD, searched for decades, never confirmed,

__ >—» D (El) but:
» Lattice QCD predicts the lowest possible masses
Q X = Glueball? * Central diffraction is mediated by gluons, natural place where
to find it: 0**,2** favoured.
* By tagging the protons: 100% sure of the process exclusivity
_o—> P, (‘-.2)

(nothing lost by the central detector)
(~high luminosity & f=90m: Oct 2015 680bunch ~0.4pb)

* Elastic scattering:

|p1’|=|p1] Very large-t scattering:

* QCD based models can be used to describe the process

* 3 individual gluons mediating the elastic interaction (if JP¢=1-,
this would be a high-t Odderon)

* (~high luminosity; exponentially falling spectrum)

|p1]

|p2| |p2’|=|p2]




New results on differential elastic cross section do/dt
at low 4-momentum transfer t

* Pure exponential do, /dt excluded with unprecedented significance (>7c)

do, /dt Difference with respect to an exponential

differential cross-section, p* = 1000 m:

A data points with statistical unc.
full systematic uncertainty band
/. syst. unc. without normalisation

differential cross-section, B* =90 m: ~ fits:
v data points with statistical unc. =KL, constant
full systematic uncertainty band === KL, peripheral
N syst. unc. without normalisation
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» Hint for more than one channel at work in the

low-t elastic scattering

Available online at www.sciencedirect.com

ScienceDirect

CrossMark rF\"IIj 5;?22 B

Nuclear Physics B 899 (2015) 527-546

A

EVIER

ELS

www.elsevier.com/locate/nuclphysb

Evidence for non-exponential elastic proton—proton
differential cross-section at low |¢| and /s = 8 TeV
by TOTEM

TOTEM Collaboration




New results on differential elastic cross section do/dt
at low 4-momentum transfer t

* By measuring the elastic scattering in the region of the Coulomb-Nuclear interference:

Access to the Hadronic
phase (sensitivity to the
impact parameter
description of the collision)
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Data fit allowed a peripheral
description of the elastic collision

Centrality of the elastic collisions
are possible but not necessary




New results on total pp cross section ooy andp
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* Thanks to the study of the Coulomb-Hadronic interference we can:

* Quantify and remove the effect of the electromagnetic interaction for a better
determination of the hadronic one and its better extrapolation to t=0:

New, luminosity-independent

167 (hic)® do determination of o,

2 el - TOT

Otot — 1+ o2 dr GTOT—102.9 mb consistent with the previously published by
P 1=0 TOTEM (PRL 111, 012001) but this time no

external parameter has been used

. . . 0.25 - TT III‘
e Make the first determination of p at the LHC : P ok 1
ReF" b LT
P=T—"CH ol |
ImF"| 0.05 |- :
0—‘lf y _|—+—pp(PDG)
R . . . . ——7p (PDG)
The precise lfnowledge of this paraggeter is needed 005 f COMPETE preferred model (1)
by theory: discovery of a 3-gluon (J°°=1"") state as ~0.1 | —o— TOTEM indirect at y5 = 7 TeV
mediator contributing to the elastic interaction. 015 —@— thisreport, V5 = 8 TeV

* This data: it exists at 2-3 0, Run-2 data will be crucial.
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To know more:

Nuclear Physics B

:‘% Volume 899, October 2015, Pages 527-546 CERN-PH-EP-2015-325
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RUN-2 Preliminary results @ 13 TeV

elastic scattering /s =13 TeV ——45bot - 56 top

events 5.55 x 10° o
Models predictions:

(PRELIMINARY) ——45top - 56 bot

events 7.82 x 10°

Triple gluon
exchange

Transition to pQCD

R _ b.ase.d.merls!. -
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—t (GeV2) B

J5=13TeV

Block et al.
Bourrely et al.
Donnachie et al.
Ferreira et al.
Godizov

Islam et al. (LxG)
Jenkovszky et al.
Petrov etal. (3P)

o

0.5 1 1.5 2 2.5 3 3.5
It (GeV?)

* No structure (dips/waves) observed after the first dip:

3 4
it (GeV?)

Excluding vast majority of the theoretical models published in the last decades




—— best fit with stat. error band

incl. both TEVATRON points

—— total error band of best fit

— total crror band from all models
consideted

X = Glueball?

P (‘Ez)

Outlook 2016-17

High precision elastic differential and total cross section
at 13 TeV.
Lower energy analysis at 2.76 TeV.
Sensitivity to JP¢=1"- three gluon colourless state from
ultra low-t elastic scattering at 13 TeV.
Central diffraction at 13 TeV: unique CMS+TOTEM
apparatus to discover glueballs and study hard
diffraction.
Upgrade tracking with rad-hard 3D Si (see multiple
tracks)
Data-taking with the timing detectors for central
diffraction at higher luminosity jointly with CMS

* Look for high-mass central system (BSM?)

ceone. Stay tuned and
thanks for your attention !
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TOTEM special Run @ 13 TeV (October 2015) o)

* UPGRADED TOTEM trigger rate @ 80 KHz: capability x 50 with respect to Run-1

* ~30h of stable beam, special 90m optics, u=7%-10% , up to 680 bunches (never before)
CMS+TOTEM data

* TOTEM Triggers - CMS *  CMS Triggers > TOTEM
*  Roman Pots Double Arm & T2 Veto * Dijets (P; threshold 20, 32 GeV)
* Roman Pots Double Arm (TopTop/BottomBottom) * Dimuon
* T2 Min Bias, Zero Bias * Single p & HF veto.
RP T2 T1 CMS T1 T2 RP
' ' :I|\I ﬂ:

N =y | e 1 |

Integrated Luminosity » X 500 statistics with respect to the Runl
« > 109 elastics candidates available
* LHC delivered: ~ 0.74 pb* ‘ « >100M low mass central diffraction
* CMS recorded: ~ 0.68 pb?
) Zﬂ:iﬁgfg&r g‘a(t:g/'ls data: - S'ZSppbbj Unprecedented statistics for the study
: : of the elastic scattering and of the central

diffraction (including low mass resonances)

TOTEM



Non-exponential elastic do/dt

Available online at www.sciencedirect.com _ @

ScienceDirect
CrossMark rI;IJ ﬂ 5;?22 B

Nuclear Physics B 899 (2015) 527-546

www.elsevier.com/locate/nuclphysb

< L. .. . |t daw satsical uncertainty

S " full systematic uncertainty band « Inthis range the elastic scattering is
~ L € : . — . .

= e, B syst. unc. band without normalisation mediated by peripheral exchange of

coherent gluonic systems

* Thanks to the high statistics data set
(7M elastic events) the pure
exponential behavior of the elastic
scattering has been excluded
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time with such large significance.
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Hadronic-Coulomb interference

0 25 T — T T — T T — T T Measurement of Elastic pp Scattering at v/s = 8 TeV in the
p ' . . ! Coulomb-Nuclear Interference Region — Determination of the
p-Parameter and the Total Cross-Section

0.2
0.15
0.1

The TOTEM Collaboration
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KL, constant KL, peripheral

step 1: y2/ndf 25.7/25=103  25.0/25=1.00 . : : .
step 2: y2/ndf 57.5/56 = 1.03 57.6/56 = 1.03 Total cross section compatible with previous

¢ [mb/GeV?] 540+ 04 540+ 04 measurement (no external parameter used!)
by [GeV2] 2047 £0.14 19.56 +0.13

by [GeV™] 88+ 1.6 -33+15 e First measurement of the Coulomb/Hadronic

-6 M)t _ .
by 1GeV]———20+% EED interference and p at the LHC!
D 0.12+0.03 0.12+0.0]

Tt [mb] 1029+23 103.0+2.3




Hadronic-Coulomb interference

@C;‘oss—.s‘ec'r.irm, B* = 10007

A data points with stafistical unc.
full systematic uncertainty band
"/, syst. unc. without normalisation

differential cross-section, B* =90 m:  fits:
v data points with statistical unc. =K., constant
full systematic uncertainty band ~——— KL, peripheral
W\ syst. unc. without normalisation
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e Constant hadronic phase and exponential modulus excluded by the analysis
* Polynomial (>1 degree) exponential hadronic slope seems necessary for describe the data
* Both central and peripheral description of the pp scattering is compatible with data




TOTEM upgrade with timing detectors

First detector test in the tunnel (Nov 2015):

* The first timing detector package has been tested inside the tunnel.

* Good test for the full system : noise was found to be compatible to the one measured in during the tests.
» Stable temperature and pressure for all the data taking period ~20h (pp at 5 TeV).

* Time resolution measurement compatible with the project specification.

Two full diamond boards were installed in RP210 pots (Jun 2016):

* Installed during TS1, for CTPPS; working.
* Detector readout to be fully commissioned soon.
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