
CMS in 10 minutes

Christian Herwig (FNAL)
New Perspectives
June 21, 2022



C. Herwig — CMSJun 21, 2022 2

Physics questions

Is there more to electroweak symmetry 
breaking than a single, light Higgs?

Do new, heavy particles 
explain the low-energy 

anomalies?

1312.5672
The P 0

5 Anomaly

P 0
5 ⇠ a moment of the B ! K ⇤µ+µ� angular distribution

LHCb 2003.04831

⇠ 2� � 3� anomaly persists in the latest update of B0 ! K ⇤0µ+µ�.
(Anomaly also seen in B± ! K ⇤±µ+µ� LHCb 2012.13241)

Wolfgang Altmannshofer (UCSC) Constraints from LFU observables November 16, 2021 8 / 36
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P5’

What is the particle 
nature of dark matter?

https://arxiv.org/abs/1312.5672
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P5’

What is the particle 
nature of dark matter?

Many of our best answers predict new particles 
near the electroweak scale.

Could be this be supersymmetry, heavier 
cousins of the Z, lepto-quarks…?

All of this and more may show up at the LHC!

https://arxiv.org/abs/1312.5672
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Keys for Physics @ CMS
What is the particle 

nature of dark matter?High collision energies

Huge data volumes

State-of-the-art detectors



C. Herwig — CMSJun 21, 2022 5

The high-energy frontier
THE LARGE HADRON COLLIDER �23. The LHC and the ATLAS detector

LHCbLHCb
ATLASATLAS

ALICEALICECMSCMS

Lake GenevaLake Geneva

AlpsAlps

SalèveSalève

LHCLHC
Figure 3.1: Aerial view of Geneva with an overlaid drawing of the LHC and associated experi-

ments [41].

3.1.1 Specifications

The LHC is last step of a multi-stage chain of accelerators called the LHC accelerator complex [42],

shown in Fig. 3.2. Protons are first retrieved from hydrogen atoms and accelerated by the Linac 2

linear accelerator to 50 MeV per proton. The protons are then passed successively to the Proton

Synchotron Booster (PSB), Proton Synchotron (PS), and Super Proton Synchrotron (SPS) where

they are accelerated to 1.4 GeV, 25 GeV, and 450 GeV, respectively. The protons are finally fed into

the LHC where they are maximally accelerated to 4 TeV in 2012 operations, yielding a center-of-mass

collision energy of 8 TeV. This chain is summarized in Table 3.1. At full energy, the protons will

typically circulate the LHC for many hours at a time.

Protons travel around the LHC in two oppositely circulated beams. The proton beams are bent

and focused by powerful superconducting electromagnets, which operate cryogenically at an ultracold

9

√s = 13 TeV 

GVA airport

Superconducting magnets accelerate 
bunches of protons to 6.5 TeV.

Energy to directly produce  
the heaviest particles from 
colliding quarks and gluons.

Including new states (Z’ or 
dark matter?) or the rare 
SM (W, Z, H, top quark)

Collision 
per 25 nsec

CERN’s accelerator complex delivers high-
energy proton collisions to CMS at the LHC.

q

q̄ Z �0
1

�0
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Large sample of events (I)

At peak running, the LHC provided CMS
~200k Higgs bosons every week!
(and 8 million Z bosons, 80 million Ws!)

→200k Higgs

→200k Higgs

→200k Higgs

→200k Higgs

→…
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Enables high-precision study of the Higgs!

Over the course of 6 years of Run 1+2
Total of 8 million Higgs delivered!
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Large sample of events (II)

Early Run 1:
2 collisions / event

Run 2: 
an 86 collision event!Denser proton bunches

Many proton collisions = many chances to produce Higgs, dark matter, …

In practice, this leads to one 
"interesting" collision plus N-1 “pile-up”.

Requires a detector, capable of 
precisely reconstructing many 
overlapping collisions!
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Tracks

Muon 
segments

Had Calo

Muons

Electrons

(Isolated) photons

Charged hadrons

Neutral hadrons

EM Calo

The Particle Flow algorithm combines information from across 
each sub-detector into a global event record.
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Sensitivity across orders of magnitude!
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…to 6 TeV di-jets!

From 500 MeV di-muon resonances…
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A pair of muons 
with ~GeV muon pT

“Missing momentum”

Energetic jet from
initial state radiation

weak production:
small σ(pp→χχ)

μ+

μ−

Putting it all together: a new physics search

Signature in the
CMS detector:

A personal example: weakly-interacting dark matter 
Weak interaction → may be produced at LHC
Interesting signatures beyond “missing momentum” for weak multiplets
Appears in both “minimal DM” models and UV-completions (e.g. SUSY)
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Putting it all together: a new physics search
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Putting it all together: a new physics search
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Putting it all together: a new physics search

Observe a few signal-
like events in data…

… but so far the total 
number is consistent 
with our backgrounds.
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Looking ahead to the “high-luminosity LHC”

Run 3 begins now!
High-lumi LHC will provide an ultimate dataset ~20x larger than Run 2!

Adding a new tracker, new high-granularity calorimeter, new trigger system + more!

Trigger tracks “5d” calorimeter images

250

which introduced embedded Linux and high bandwidth memory lookup technology to FPGA6704

processing boards, the consortium is developing multiple ATCA board and mezzanine types6705

utilizing a modular design approch, with an emphasis on reusable circuit, firmware and soft-6706

ware elements. The first generation of these boards has passed successful testing as described6707

below. The main processing boards (APx) presently deploy Xilinx Ultrascale+ FPGAs for data6708

processing. The design of the APx is flexibly set up to provide for either one or two large pro-6709

cessing Ultrascale+ FPGAs and to evolve with future FPGA device developments. The APx6710

model uses an integrated CPU/FPGA System-on-Chip device such as the Xilinx ZYNQ for the6711

primary embedded Linux control point. This control uses integrated FPGA logic to allow the6712

Linux system to effectively manage the FPGAs, clock synthesizers, optical modules and other6713

components present in the platform. For thermal management of large FPGAs, the APx ap-6714

proach favors direct soldering of the FPGA on the main ATCA card so as to make maximum6715

use of the standard ATCA slot width of 6HP (1.2 inch) for cooling. Direct soldering provides6716

better electrical connections and optimal heat conduction.6717

6.3.1.2 Hardware Description6718

Figure 6.3: Prototype APd1 Board with 76 Optical Links capable of 28Gbps operation.

APd1 ATCA Card The APd1 (APx Demonstrator 1) is a trigger demonstrator board in the6719

ATCA form factor, based on a single Xilinx XCVU9P FPGA in the C2104 package. The main6720

board hosts 5 subsidiary boards, which are described in this section, including: ELM (Em-6721

bedded Linux Mezzanine), Large Look-up Memory Table Mezzanine (LLUT), an RTM (ATCA6722

Rear Transition Module), IPMC (Intelligent Platform Manager Control ATCA control point),6723

and ESM (Ethernet Switch Mezzanine). After successful testing, these 5 subsidiary boards6724

along with their designs, firmware and software have been presented to and made available to6725

CMS and ATLAS groups. The APd1 has a total of 76 optical links at up to 28Gb/s (depending6726

on Xilinx FPGA speed grade) are supported at 19 Samtec Firefly optical transceiver positions6727

on the main board, and 24 MGT (Multi Gigabit Transceiver) channels are routed to the RTM6728

New trigger hardware!


