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N High-Granularity Calorimeter upgrade at CMS

CMS p-p collisions at 7 TeV per beam
. 1 MeV-neutron equivalent fluence in Silicon at 3000 fb™
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TDR released in Apr. 2018 (CMS-TDR-019)

* CMS endcap calorimeters: Phase-2 upgrade
* Harsh environment at HL-LHC: high pile-up, high radiation level
* Replace the existing CMS endcap calorimeters
* Construct a high granularity calorimeter (HGCAL)

2018/12/21 Yong Liu (liuyong@ihep.ac.cn) CMS High-Granularity Calorimeter Upgrade



y(mm)

A VBF jet (720 GeV) and a photon (175 GeV) in a
VBF /- yyevent

E — ;-.—-:y:M y E _,J _'?Lfyerﬂ B
100 -'ﬁ."":ﬁ‘é}_ S1o0f - ___"—ﬁ' :
R < Including a mean pileup of 200 interactions per
ok ,‘;;:“ " @ bunch crossing (i.e. HL-LHC)
SOt ~4<;Q\\-'3‘|i)_-21')'0 =T ol !
\m-' \#0\°

* Unprecedented transverse and longitudinal segmentation
* Resolve EM and hadronic showers in high pile-up environment (HL-LHC)
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" HGCAL overview
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* Mixed layers: silicon and scintillator-SiPMs e ™
* Boundary optimized for radiation tolerance ~25k 8-inch modules in total
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" HGCAL active layers

Silicon sensors

Scintillator + SiPM
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. .- . Design (“SiPM-on-Tile”) for CALICE-AHCAL prototype adopted as
IHEP-CMS team majorly works on the silicon option, the baseline for CMS-HGC scintillator part

which will be focused in the rest of slides
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IHEP team: CMS-HGC activities

* Testbeam campaigns of HGC silicon modules e

* IHEP joined each TB since 2016 CMS

* |HEP contributions to HGC TDR (CMS-TDR-019)

* Module performance
* Paper on beam tests of silicon modules
* Published on JINST in Oct 2018

* Highlights of 2018 TB shown later

* Module Assembly Center (MAC) at IHEP Ckfgeé);aézggpgc;ﬁz ;fi;ieeter
* Under construction Technical Design Report
* Probably responsible to assemble ~20% of HGCAL o
silicon modules e e

PusLIsSHED: October 18, 2018

First beam tests of prototype silicon modules for the CMS

* Key issue: quality assurance/control (ongoing efforts) High Granularity Endcap Calorimeter
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. Test beam campaigns in 2018

e
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* DESY: electron beam
 Studies of module performance and EM showers

* CERN: SPS-H2
* June: a full EM section of HGCAL (28 layers)

* October: a full slice of HGCAL
« 28-layer CE-E, 12-layer CE-H + 39-layer SiPM-on-Tile
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DESY beam test: highlights

DESY TBZl (2018 March)
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MIP signal spectra

MIP signals with e- at different energies
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= CERN June beam test: highlights
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Shower shape: transverse development in each (longitudinal) laye
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* 100GeV electrons: occupancy plots for all 28 layers
* High noise level in the last 3 layers

* The last module (a bare hexaboard): timing reference
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~», CERN October beam test: first impressions

Si) CE-H(Sc) Event display: 300 GeV EM shower
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A full slice of HGCAL (studies ongoing)  piots from A. Steen
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IHEP-MAC status

* HGC Module Assembly Centers o] e ] |
* UCSB: the pilot MAC ST I P A

* 5 MACs: Beijing-IHEP, India (BARC), 'fi': | SIS Y| —
Taiwan(NCU-NTU), US (CMU, TTU) LS, = e

’6200mm ] Room 109 ]

I
|

Height 2000mm

1800mm

Door of room 106
Width 850 mm

* IHEP-MAC: in preparation phase ' -

P Height 2000mm
* Clean room: under construction oo
* Instrumentation: being investigated/ordered ——

* Bonder, gantry, optical gauging vZchztf;gggﬁs&mg & lfn"?osll ’RiiOTOZ"

* Custom-designed tooling |

* Probe stations, glue dispenser, ...
* HGC lab: test stand development
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Cosmic-ray test stand at IHEP

Top Trigger: . Cosmic setup at CERN Cosmic setup at IHEP
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. Successfully built cosmic test stand <y - Cosmic | o
At CERN first and later at IHEP 1000 ===
* Tested modules with cosmic muons ¢ o
* Plan to move to IHEP beam area = h
* Studies with high-intensity GeV electrons e (DG coung R NG W ow . N
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Summary

* CMS-HGC activities

* Module assembly, PCB testing and beam test campaigns
* Module assembly center at IHEP: under development

* Man power ramping up
* Physicists (5+): H. Liao, H. Zhang, Yong Liu, F. Wang (postdoc), B. Li (PhD) + more
* Engineers (8): X. Cao, Y. Gu, X. Li, X. Liu, B. Meng, L. Sun, C. Zhang, W. Zhang

* Future plans

* Module assembly: training and exercise
* Module beam test at IHEP-TBF (E2 line)
 Linearity measurements with primary electron beam (up to 2.5 GeV)
e Silicon sensors R&D: low leakage current, radiation tolerance, ...

Thank youl!



